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Dedication
To our specialty — Interventional Pain Management
To the members of the American Society of Interventional Pain Physicians —
who are striving to preserve the specialty of Interventional Pain Management
To our patients — our greatest friends and teachers
and
To our families — for their support and love

Important Notice
Interventional Pain Management, pain management, anesthesiology, physical medicine and
rehabilitation, neurology, psychiatry, pharmacology and radiology are not only dynamic, but also
ever-changing fields. This book has been prepared with utmost care and diligence. Appropriate
care has been taken to confirm the accuracy of the information presented and to describe generally accepted practices. However, the authors, editors, and publishers are not responsible for errors or omissions or for any consequences from application of the information in this book and
make no warranty, expressed or implied, with respect to the contents of this book.
Readers must apply standard safety precautions and also perform the techniques described
only with appropriate experience. As new research and clinical experience broaden our knowledge of interventional pain management, changes in interventional modalities and drug therapy become necessary and appropriate. Readers are advised to keep abreast with the latest developments by reading the journals, by checking the product information currently provided by the
manufacturer of each drug to be administered to verify the recommended dosage, the method
and duration of administration and the contraindications. Some drugs and medical devices presented in this publication may have Food and Drug Administration approval only for limited
use. It is the responsibility of the healthcare provider to ascertain the FDA’s approval status for
each drug or device planned for use in his/her clinical practice. This text will only provide guidance, however, it does not provide any standards. It is the responsibility of the treating physician,
relying on individual experience and technical expertise, along with appropriate history, physical
examination and laboratory investigations of the patient to determine interventional techniques
and drugs administered for each individual patient.
Neither the publisher, nor the editors, nor the contributors assumes any responsibility for any
injury and/or damage to persons or property arising from this publication.
Publisher
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Preface
Interventional pain management is an evolving specialty with an interesting history. While interventional techniques have been described since 1899, the first seminal work describing these approaches as specific to pain management was not published until 1953. Subsequently, P. Prithvi Raj published Practical Management of Pain, a first
comprehensive pain management text to truly emphasize the practical clinical aspects of the speciality. Since then,
a large body of literature has been devoted to the use of these techniques for the management of pain, yet most of
the notable text in the field has focused more upon technical aspects, rather than framing interventional approaches
within the larger context of pain care in general.
Just a year ago we published Interventional Techniques in Chronic Spinal Pain, which has been received enthusiastically by the interventional pain management community. In light of this, interventional techniques in chronic nonspinal pain seek to fill the gap between interventional pain management and spinal interventional techniques with
an ambitious goal of directly addressing the field of interventional pain management. Consequently, this once again
represents one of the most ambitious projects of its kind ever undertaken by the editors and the American Society
of Interventional Pain Physicians (ASIPP). This marks the progress of interventional pain management, which is
now recognized as a distinct medical speciality, is represented at many levels, and ASIPP has progressed in improving many aspects of interventional pain management.
In 2001, the Medicare Payment Advisory Commission (MedPAC) defined interventional techniques as
“…minimally-invasive procedures including percutaneous precision needle placement, with placement of drugs in
targeted areas or ablation of targeted nerves; and some surgical techniques for the diagnosis and management of
chronic, persistent or intractable pain such as laser or endoscopic diskectomy, intrathecal infusion pumps and spinal
cord stimulators.”
Only a year later, in 2002, the National Uniform Claim Committee (NUCC) further defined interventional pain
management as the “…discipline of medicine devoted to the diagnosis and treatment of pain related disorders principally with the application of interventional techniques in managing subacute, chronic, persistent, and intractable
pain, independently or in conjunction with other modalities of treatments.”
Despite the comprehensive intellectual and practical coverage afforded by these definitions, the applicability, relevance, and “place” or role of interventional approaches to the entirety of the pain care field remains somewhat vague.
It has been our dream to provide a book for clinicians with up-to-date, collective, comprehensive, yet easy-to-follow
text that directly addresses these issues, and does so with reference to the premises, realities, and practicalities of interventional pain management both as a specialty, and within the specialty of pain management. However, having
entire interventional pain management in one book was a task impossible; thus, spinal and non-spinal interventional
techniques have been divided. Consequently, the first book was published in 2007 titled Interventional Techniques in
Chronic Spinal Pain, whereas this is the continuation of comprehensive coverage of interventional pain management
for non-spinal interventional techniques. No doubt there are many fine books describing interventional techniques;
however this book seeks to be comprehensive; provide up-to-date knowledge of commonly performed interventional techniques; and use numerous explanatory diagrams, figures and images in an easy-to-understand format that fortifies the most clinically-relevant information in concise, accessible “bullets.”



Although we have striven to make this work encyclopedic in its coverage of non-spinal interventional techniques,
we were equally committed to ensuring that it was neither too long nor cumbersome. Leading experts in their respective fields have contributed chapters on specific topics, and all have worked together, rather than in a silo or vacuum,
to present a cogent, integrative understanding of the field. We view one of the major advantages of this book to be
that it is not published by a major publisher, which characteristically evolves as a 3-5 year process from inception to
press. Consequently, the knowledge is often somewhat dated, and references are at least one year, or as many as 3 years
old. In contrast, this book has been continuously updated practically right up to its publication, thereby insuring that
the scope and extent of information provided is current and reflects the most contemporary progress in the field.
The overall structure of this book is unique, with historical background, indications, clinical applications, relevant
anatomy, pathophysiology, technical considerations, precautions, side effects and complications, as well as synoptic
key points provided for each topic. The book consists of 33 chapters, 496 pages, nearly 330 figures, and 60 tables.
The specialized and comprehensive nature of this field is such that any meaningful presentation of the
background, pathologies, and techniques cannot be afforded by a single volume. Thus, we have chosen to divide the work into two books: Interventional Techniques in Chronic Spinal Pain and Interventional Techniques
in Chronic Non-Spinal Pain. The administrative and logistic exercise of developing these books and bringing them to the final stage of publication has placed considerable responsibilities and demands on the editors, their families, and the staff of ASIPP. The editors wish to thank all of the people involved from development to publication for their time, efforts, and devotion. Heartfelt appreciation is extended to Holly Long, Tonie Hatton, Diane Neihoff, Ray Lane, Shekar Edem, Vidysagar Pampati, and Bert Fellows. A special thanks to
Kimberly Cash, Angie Hufford, and Jenny Walker for their contributions on fluoroscopy. We also owe our
thanks to the teachers and leaders in the specialty including Privthi Raj, Gabor Racz, Nik Bogduk, Rick Derby,
and Mark Boswell. We extend a special thanks to Andrea Trescot, Felix Linetsky, and Hans Hansen for expert assistance. Finally, without the patience and help of the Manchikanti family, this project would have never been completed, and so personal gratitude goes to Chandrakala, Kavita, Sunil Manchikanti and Anu and Alvaro Gomez for
their great support.
We would like to thank the publishers of Netter’s Anatomy; Gray’s Anatomy; Gray’s Anatomy for Students; Clinical Anatomy for Medical Students; Clinically Oriented Anatomy; Injection Techniques in Orthopedic and Sports Medicine,
3rd Edition, and Peripheral Nerve Blocks; the staff of Beth Israel Deaconess Medical Center Radiation Management
training program, and NYSORA for their generous assistance in providing permission to reproduce original work.
Finally, we would like to thank all the contributors for their hard work and cooperation in producing great chapters resulting in an historic book on interventional techniques in managing chronic non-spinal pain.
This is the first edition, and as such represents a work-in-progress. For these books to maintain any practical durability, they must remain relevant and meaningful to you. To help make this sustainability a reality, and to help us
provide you with the best information in ways that are most suited to your needs, we request and appreciate your
comments and suggestions to improve future publications.
Laxmaiah Manchikanti, MD
Vijay Singh, MD
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Evolution of Non-Spinal
Interventional Techniques

1

Laxmaiah Manchikanti, MD

the same time, Lundy started treating pain patients with the
injection of local anesthetics and neurolytic substances, for
both diagnostic and therapeutic endpoints, targeting a variety
of somatic and sympathetic nerves.10-12 Rovenstine established
his block clinic in 1936.13 Diagnostic blocks originated from
descriptions by White14 in demonstrating the wide diagnostic
utility of procaine block of sensory or sympathetic nerves, in
determining the pathways of peripheral pain. This was conceptually taken from diagnostic to therapeutic block by von
Gaza and by Brunn and Mandl15 in 1924 in the management
of visceral pain.In Australia, Royle demonstrated that relief of
deforming contractions and spastic paralysis could be obtained
by interrupting the sympathetic nerve supply to the musculature of the affected parts.16 Swetlow17 in 1926 reported neurolytic injection of alcohol providing long-term relief with
paravertebral sympathetic block in the treatment of severe
intractable pain, particularly the pain of malignant disease.
In 1941, Wertheim and Rovenstine,18 both anesthesiologists, reported that the analgesic effect of a 2% procaine injection may continue for 4 to 6 weeks. In 1948, Papper19 described
the concept of an anesthesia clinic on therapy of pain, thus initiating the role of anesthesiologists in managing chronic pain.
John Bonica nurtured the interest in pain medicine and
published a seminal work, The Management of Pain, in 1953.2
Vandam and Eckenhoff,20 in 1954, described the integrated
approach.
Subsequently, the twenty-first century was marked with
numerous developments of interest to interventional pain physicians and pain sufferers. The unprecedented development
and progress in managing chronic pain, specifically utilizing
interventional techniques, heralded the evolution of interventional pain management.

Chronic pain is a complex phenomenon and a combination of definitions are utilized to define it.1 Consequently,
chronic pain is defined as “pain that persists beyond the usual
course of an acute disease or a reasonable time for an injury to
heal that is associated with chronic pathologic processes that
cause continuous pain or pain at intervals for months or years.”
Other definitions include persistent pain that is not amenable
to routine pain control methods or pain where healing may
never occur.
Evolution of interventional pain management started with
the origins of neural blockade and regional analgesia. Fundamental to modern neural blockade in interventional pain techniques is the concept that pain is a sensory warning by specific
nerve fibers, amenable, in principle, to modulation or interruption anywhere in the nervous pathway.
The origins of neural blockade in regional anesthesia date
back to September 15, 1884, to the historical reporting of the
numbing effect of cocaine on the tongue by Koller (a colleague
of Sigmund Freud).2,3 This observation is considered the foundation for the evolution of regional analgesia in interventional
pain management. Consequently, cocaine was used to provide
effective local anesthesia by that year’s end. Further evolution
started by Tuffer4 with description of a therapeutic nerve block
in pain management, using spinal cocaine to control pain from
sarcoma of the leg in 1899. For non-spinal interventional techniques, initial description was by Cushing with pain relief with
nerve blocks.5 This was followed by trigeminal alcohol blockade in 1903.6 The history of evolution of spinal interventional
techniques is described elsewhere.2,3,7,8 During the 1920s and
1930s, the use of regional anesthesia increased to 15% to 30%
of all anesthetics used at the Mayo Clinic under Lundy.9,10 At
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Definitions
♦ The National Uniform Claim Committee (NUCC)21

defined interventional pain management as “the discipline
of medicine devoted to the diagnosis and treatment of
pain related disorders principally with the application of
interventional techniques in managing subacute, chronic,
persistent, and intractable pain, independently or in conjunction with other modalities of treatments.”
♦ The Medicare Payment Advisory Commission (MedPAC)22 defined interventional techniques as, “minimallyinvasive procedures including: percutaneous precision needle placement, with placement of drugs in targeted areas or
ablation of targeted nerves; and some surgical techniques
for the diagnosis and management of chronic, persistent
or intractable pain such as laser or endoscopic diskectomy,
intrathecal infusion pumps and spinal cord stimulators.”

Chronic Pain
♦ Chronic pain is a significant national public health

♦
♦

♦

♦

problem.
• The American Pain Society’s “Chronic Pain America”
survey has estimated that 9% of the adult population
suffers from moderate to severe, non-cancer related
pain.23
• Two-thirds of these people say that they have been living with the pain for over 5 years.
• Pain was found to have a significant impact on quality
of life and emotional well being, with patients experiencing significant improvements in these factors when
their pain was well controlled.
Chronic pain is highly prevalent in all countries that have
been studied, with no striking national differences.24
The most common sites of chronic non-malignant pain
are the limbs and joints (accounting for around a half of all
non-malignant cases) and the back (account for around a
third).25-28
• The neck and the head are other important sites.28-30
The prevalence of chronic pain in the adult population
ranges from 2% to 40%, with a median point prevalence of
15%.31
• Persistent pain has been reported with an overall prevalence of 20% of primary care patients, with approximately 48% reporting back pain.32
• Consequently, 52% of patients either report non-spinal
pain or pain problems other than the low back pain,
leading to conclude that non-spinal pain is more common than it is being estimated.
The literature has consistently described the high prevalence of chronic pain in children, adults, and the elderly
with associated functional disability.1

• In an evaluation performed in an urban and rural set-

ting in Southeast Ontario to determine the prevalence
and determinants of pain and pain-related disability,
76% reported some pain over the past 6 months.33
• Grade I pain – low pain intensity, low disability
• Grade II pain – high pain intensity, low disability
• Grade III pain – high pain intensity, moderate
disability
• Grade IV pain – high pain intensity, severe disability
• High pain intensity with low pain interference was seen
in 26% (Grade II) and high pain intensity with high
pain interference was seen in 17% (Grades III and IV)
(Fig. 1).
• In the patients who were reporting pain, 49% reported
chronic pain (pain with a minimum of 90 days over
the past 6 months), which represented 37% of the
sample.33
♦ Epidemiological studies of chronic pain in children and
young adults have increased over the last few years.34-41
• In children, prevalence of any pain within the previous
6 months was 70%, while chronic pain was reported by
14%, and 7% of the children suffered from Grade III
or Grade IV pain with high intensity associated with
moderate to severe disability (Fig. 2).34
• Grade I pain – low pain intensity, low disability
• Grade II pain – high pain intensity, low disability
• Grade III pain – high pain intensity, moderate
disability
• Grade IV pain – high pain intensity, severe disability
• Huguet and Miró34 showed pain problems in children
and adolescents involving multiple pain sites, most commonly involving the leg, followed by the head, fthen the  
abdomen.
• It also has been stated that chronic pain is a common problem among the general pediatric population, which negatively affects everyday functioning of
children and their families.42-44
• Children who had a chronic pain condition reported
a worse quality of life, missed more days of school,
and were more likely to use pain medication and seek
medical care for pain relief.34
• Recurrent pains such as headaches, stomachaches, and
backaches, are complex chronic pain conditions that
cause great discomfort and impairment in children.45
• Pediatric chronic pain affects the frequency of the
use of medication and the medical system,46,47 academic achievement, emotional well-being, as well as
peer and family functioning.48,49
• Stanford et al45 showed that, from 12 to 19 years
of age, weekly or more frequent pain rates ranged
from 26.1% to 31.8% for headache, 13.5% to 22.2%
for stomachache, and 17.6% to 25.8% for backache.
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Fig. 1. Severity of chronic pain.

Adapted from Tripp et al.33 Prevalence and determinants of
pain and pain-related disability in urban and rural settings in
southeastern Ontario. Pain Res Manag 2006; 11:225-233.

They concluded that adolescent recurrent pain is
very common and that psychosocial factors can predict trajectories of recurrent pain over time across
adolescence.
♦ Chronic pain with involvement of multiple regions has
been reported in 60% of patients.1
• Many patients have pain in multiple sites and/or multiple diagnosis.50
♦ Overall approximately 30% of the US population have
experienced chronic pain at some point in their lives.
• Chronic pain is one of the most common causes of longterm disability, partially or totally disabling approximately 50 million people.27,51
• In a US survey among health organization members
(n=1,016), 45% reported recurrent or persistent pain.
• This was severe, with substantial activity limitation
in 8%.52
• A 2000 – 2001 Canadian Community Health Survey
(n=125,574)53 found that 18% of women and 14% of
men suffered from chronic pain.
• This was comparable with previous studies in
Canada.
♦ Most studies have found that the prevalence of chronic pain increases with age, especially for certain pain
syndromes.24,54
• Common age-related pain problems include:
• Arthritic pain
• Spinal pain
• Post-herpetic neuralgia
• Central pain after stroke
• Pain of malignancy
• Visceral pain.
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Fig. 2. Severity of chronic pain in children.

Adapted from Huguet and Miró. 34  The severity of chronic
pediatric pain: An epidemiological study. J Pain 2008;
9:226-236.

• Epidemiological data in the elderly suggests that up to

50% of community-dwelling older adults, and as many
as 80% of residents of long-term care facilities, experience persistent pain.55
♦ Sex-prevalence ratios reveal a higher prevalence for females
for the following conditions:24
• Headache, migraine, temporomandibular pain, burning
mouth pain, neck pain, shoulder pain, back pain, knee
pain, abdominal pain, and fibromyalgia.54
• Fig. 3 illustrates female predominance and age-related
increase or prevalence in Canada.56
♦ African-Americans reported greater pain-related interference with daily living, although African Americans
and Caucasians did not differ significantly with regard to
pain.57

Utilization of Non-Spinal Interventional
Techniques
♦ Interventional techniques are performed by physicians

in multiple specialties, and in various settings.58-60 Thus,
the frequency with which these procedures are performed depends on the nature of the procedures and
providers.
♦ Officially, pain medicine or interventional pain management as recognized by the American Board of Medical
Specialties includes anesthesiology, physical medicine and
rehabilitation, and neurology and psychiatry.
• Other specialties considered with interventional pain
focus are neurosurgery and orthopedic surgery.
• Separate designations for interventional pain management (-09) and pain management or pain medicine
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Fig. 3. The prevalence of chronic pain by age and gender, Canada.
Adapted from Meana et al.56 Chronic pain: The extra burden on Canadian women. BMC Women’s Health 2004; 4(Supp1):S17.

(-72) went into effect in 2003 and 2002 respectively.

♦ Interventional pain management procedures are performed
in multiple settings.

• Facility settings include hospital outpatient departments

(HOPDs) and ambulatory surgery centers (ASCs),
whereas nonfacility settings include physician offices.
♦ Table 1 and Fig. 4 illustrate the frequency of the utilization of
interventional techniques including non-spinal interventional
techniques and excluding continuous epidurals, trigger point
injections, ligament injections, and intraarticular injections.
• As illustrated in Fig. 4, interventional techniques in the
Medicare population have increased from approximately 1.5 million in 1992 to 4.6 million in 2006, a 220%
increase.
• As shown in Fig. 5, in 1998, less than 400,000 or 27% of
the procedures were performed by noninterventional pain
physicians, whereas this increased to over 1.2 million procedures, even though the proportion remained the same, at
27%, with decrease noted to as low as 22% in 2003.
• Table 1 illustrates itemized interventional pain procedures in the Medicare population from 1998 to 2006.
Other types of nerve blocks or non-spinal interven-

•

•

•

•

tional techniques increased from 392,552 in 1998 to
660,525 in 2006.
As shown in Table 1, overall 65% of the procedures were
performed in a facility setting in 1998; this decreased to
47% in 2006.
• Similarly, 33% of other types of nerve blocks were
performed in a facility setting in 1998, which
decreased to 29% by 2006.
Fig. 5 illustrates the utilization of various categories of
interventional procedures in facility and non-facility
settings.
• Based on this, facility procedures increased 140%
from 1998 to 2006, whereas non-facility procedures
increased 374% from 1998 to 2006.
Table 2 illustrates procedures performed by interventional and non-interventional physicians.
Facet joint interventions and SI joint blocks have
increased substantially for others to 718%, whereas they
increased for IPM physicians 553%. Overall growth
was the same for both categories of physicians. For nonspinal interventional techniques there was no difference
between the 2 groups.
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Table 1. Summary of the frequency of utilization of various categories of interventional procedures (excluding continuous epidurals, intraarticular injections, trigger point injections and ligament injections) in the Medicare population from 1998 to 2006.
1998

1999

2000

2001

2002

2003

2004

2005

2006

Epidural, spinal
neurolysis, and
adhesiolysis
procedures

802,735
(76%)

803,078
(74%)

860,787
(79%)

1,013,552
(78%)

1,199,324
(74%)

1,370,862
(71%)

1,637,494
(65%)

1,776,153
(65%)

1,870,440
(63%)

Facet joint
interventions and
SI joint blocks

274,130
(73%)

304,564
(72%)

424,796
(67%)

543,509
(62%)

708,186
(58%)

884,035
(53%)

1,354,242
(46%)

1,501,222
(47%)

1,896,688
(40%)

Disc procedures
(discography
& disc
decompression)

10,484
(84%)

13,113
(84%)

14,983
(87%)

17,229
(87%)

20,194
(81%)

24,362
(80%)

24,263
(79%)

27,950
(78%)

27,432
(75%)

0

0

3,825
(100)

20,593
(100)

25,060
(99%)

31,048
(99%)

42,882
(95%)

51,034
(95%)

78923
(96%)

0
(100%)

0
(100%)

1,306,288.67
(100%)

1,596,781.73
(100%)

1,954,762.88
(100%)

2,312,306.97
(100%)

30,848
(96%)

37,013
(96%)

43758
(91%)

(1)
(33%)

(1)
(33%)

2,612,576.34
(35%)

3,193,562.46
(35%)

457,219
(30%)

490,337
(28%)

583,970
(28%)

648,092
(28%)

660,525
(29%)

1,429,277
(65%)

1,446,864
(64%)

1,642,446
(67%)

1,955,001
(67%)

2,428,931
(62%)

2,825,353
(58%)

3,674,059
(52%)

4,041,464
(53%)

4,579,768.06
(47%)

Vertbroplasty/
Kyphoplasty
Implantables and
stimulators
Other types of
nerve blocks
Total

Fig. 4. Increasing utilization of interventional techniques excluding continuous epidurals, intraarticular injections,
trigger point injections and ligament injections from 1998 to 2006.
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• Table 3 illustrates the utilization of interventional pro-

cedures in facility and non-facility settings. All the
procedures increased 140% from 1998 to 2006 in facility settings, whereas in non-facility settings procedures
increased 374% from 1998 to 2006.
• Non-spinal interventional techniques in non-facility
settings increased 113% from 1998 to 2006, whereas they increased 75% from 1998 to 2006 in facility
settings.
• Fig. 6 illustrates data of non-spinal interventional techniques in the Medicare population from 1998 to 2006.
♦ Table 4 illustrates multiple non-interventional procedures
performed in facility and non-facility setting.

Fig. 5. Utilization of various categories of interventional
procedures in facility and nonfacility settings in Medicare
population from 1998 to 2006.
Table 2. Summary of frequency of utilizations of various categories of interventional procedures by specialty (excluding
continuous epidurals, intraarticular injections, trigger point injections and ligament injections) in Medicare population
from 1998 to 2006 by interventional vs. non-interventional physicians.
Year

Epidural, spinal neurolysis, and
adhesiolysis procedures

Facet joint interventions and
SI joint blocks

Other types of nerve blocks

Total

IPM

Others

IPM

Others

IPM

Others

IPM

Others

1998

654,516
(82%)

148,219
(18%)

209,272
(76%)

64,858
(24%)

172,106
(52%)

157,446
(48%)

1,046,630
(73%)

382,647
(27%)

1999

672,648
(84%)

130,430
(16%)

239,354
(79%)

65,210
(21%)

165,110
(53%)

148,305
(47%)

1,089,797
(75%)

357,067
(25%)

2000

720,332
(84%)

140,455
(16%)

333,647
(79%)

91,149
(21%)

172,827
(53%)

151,493
(47%)

1,241,479
(76%)

400,967
(24%)

2001

842,472
(83%)

171,080
(17%)

418,663
(77%)

124,846
(23%)

182,290
(53%)

160,987
(47%)

1,462,369
(75%)

492,632
(25%)

2002

1,023,741
(85%)

175,950
(15%)

575,164
(81%)

133,022
(19%)

226,167
(49%)

231,052
(51%)

1,848,333
(76%)

580,598
(24%)

2003

1,190,196
(87%)

180,666
(13%)

736,908
(83%)

147,127
(17%)

245,185
(50%)

245,152
(50%)

2,203,318
(78%)

622,035
(22%)

2004

1,420,996
(87%)

216,498
(13%)

1,105,421
(82%)

248,821
(18%)

280,957
(48%)

300,013
(52%)

2,846,404
(77%)

827,655
(23%)

2005

1,539,118
(87%)

237,035
(13%)

1,222,972
(82%)

278,250
(18%)

312,979
(48%)

335,113
(52%)

3,120,912
(77%)

920,552
(23%)

2006

1,611,175 (86%)

259,265
(14%)

1,366,110
(72%)

530,578
(28%)

326,053
(49%)

334,472
(51%)

3,356,214
(73%)

1,221,552
(27%)

Overall increase
from 1998

146%

75%

553%

718%

112%

112%

221%

219%

IPM - Official Pain Management includes: anesthesiology, physical medicine and rehabilitation, neurology and psychiatry, pain management, and interventional pain management.
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Table 3 . Utilization of various categories of interventional procedures in facility /non-facility settings (excluding continuous
epidurals, intraarticular injections, trigger point injections and ligament injections) in Medicare population from 1998 to 2006.
Year

Epidural, spinal neurolysis, and
adhesiolysis procedures

Facet joint interventions and SI
joint blocks

Other types of nerve
blocks

Total *

Facility

Non-Facility

Facility

Non-Facility

Facility

NonFacility

Facility

NonFacility

1998

611,327
(76%)

191,408
(24%)

199,842
(73%)

74,288
(27%)

108,018
(33%)

221,534
(67%)

940,346
(65%)

488,931
(35%)

1999

591,077
(74%)

212,001
(26%)

219,076
(72%)

85,488
(28%)

102,014
(33%)

211,401
(67%)

935,836
(64%)

511,028
(36%)

2000

683,511
(79%)

177,276
(21%)

285,997
(67%)

138,799
(33%)

112,686
(35%)

211,634
(65%)

1,112,844
(33%)

529,602
(33%)

2001

790,002
(78%)

223,550
(22%)

336,057
(62%)

207,452
(38%)

121,827
(35%)

221,450
(65%)

1,300,329
(33%)

654,672
(33%)

2002

88,8745
(74%)

310,579
(26%)

412,114
(58%)

296,072
(42%)

139,164
(30%)

318,055
(70%)

1,500,324
(62%)

928,607
(38%)

2003

968,204
(71%)

402,658
(29%)

470,197
(53%)

413,838
(47%)

137,500
(28%)

352,837
(72%)

1,651,015
(58%)

1,174,338
(42)

2004

1,064,975
(65%)

572,519
(35%)

627,281
(46%)

726,961
(54%)

161,235
(28%)

422,735
(72%)

1,943,019
(52%)

1,731,040
(48)

2005

1,156,048
(65%)

620,105
(35%)

698,283
(47%)

802,939
(53%)

180,469
(28%)

467,623
(72%)

2,140,279
(53%)

1,901,185
(47%)

2006

1,175,627 (63%)

694,813
(27%)

758,360
(40%)

1,138,328
(60%)

188,807
(29%)

471,718
(71%)

2,258,913
(47%)

2,318,853
(53%)

Overall increase
from 1998

92%

263%

279%

1432%

75%

113%

140%

374%

Total also included Disc Procedures (Discography & Disc Decompression)
Source: Utilization data by Specialty from CMS  ( ) shows percentage of procedures utilized

Fig. 6. Increase of non-spinal interventional techniques in the Medicare population from 1998 to 2006.
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Table 4. Comparison of frequency of utilization of various types of nerve blocks excluding all types of epidurals, disc injections,
implantables, intraarticular injections, trigger point injections and facet joint blocks in Medicare recipients from 1998 to 2006.
HCPCS

1998

64400

Trigeminal nerve block

64402

Facial nerve block

64405
64408
64410

1999

2000

2001

2002

2003

2004

2005

2006

9,363 (36%) 7,402 (26%) 7,173 (28%) 6,749(37%) 7,341 (36%) 8,199(36%) 8,598 (34%) 9,914 (34%) 9308 (36%)

2,523 (55%) 2,040 (51%) 2,001 (54%) 1,801 (52%) 2,007 (48%) 1631 (44%) 1,461 (55%) 1,949  (55%) 1746 (47%)
50,264
24,826
25,424
29,913
34,695
39,341
45,252
53943
25,305
Greater occipital nerve block
(37%)
(33%)
(33%)
(32%)
(27%)
(26%)
(21%)
(22%)
(22%)
Vagus nerve block
258  (00%) 348 (04%)
478 (03%)
248 (0%)
727 (1%)
551 (5%)
128 (0%)
176 (9%)
136 (16%)
Phrenic nerve block

35  (100%)
1,170  
(28%)
10,014
(21%)
9,037
(69%)

67 (81%)
1,436
(14%)
6,963
(32%)
15,061
(79%)

64412

Spinal accessory nerve block

64413

Cervical plexus block

64415

Brachial plexus block

64417

Axillary nerve block

64418

Suprascapular nerve block

64420

Intercostal nerve block single

64421

Intercostal nerve block

19,485
(66%)

18,311
(59%)

64425

Ilio-Inguinal nerve block

5,557
(55%)

5,555
(52%)

64430

Pudendal nerve block

64435

Paracervical nerve block

64445

Sciatic nerve block

64450

Peripheral nerve block

64505

Sphenopalatine ganglion
block

64510

Stellate ganglion block

64520

1,750
(66%)
9,961
(24%)
7,936
(43%)

757
(38%)
1,926
(15%)
22,513
(14%)
127,904
(17%)

1,834
(73%)
9,705
(21%)
7,138
(39%)

532
(32%)
1,437
(06%)
19,488
(16%)
122,147
(17%)

26 (100%)
1,261
(14%)
5,738
(36%)
18,771
(89%)
2,002
(84%)
10,657
(21%)
8,058
(45%)
16,645
(66%)
5,550
(55%)

750
(33%)
1,809
(14%)
19,883
(17%)
124,154
(19%)

30 (100%)
1,482
(14%)
5,677
(38%)
23,662
(92%)
2,225
(90%)
12,365
(16%)
7,839
(40%)
16,509
(66%)
6,212
(47%)

2,185
(23%)
1,850
(21%)
22,195
(16%)
119,234
(22%)

27 (100%)
1,418
(18%)
5,762
(29%)
29,533
(94%)
2,676
(94%)
10,837
(18%)
6,209
(36%)
16,644
(59%)
7,022
(43%)

5,445(15%)

28 (100%)

71  (65%)

78 (65%)

1,386 (8%)

1,891 (4%)

2,197  (7%)

2756 (8%)

5,967
(36%)
36,999
(94%)

5,530
(37%)
53,301
(96%)

6,684
(36%)
59,435
(96%)

8099
(31%)
66248
(96%)

17,661
(54%)

19,057
(49%)

21,562
(48%)

20157
(46%)

3203
(91%)
13,382
(17%)
5,463
(39%)

5,122
(44%)
5,519
(16%)

1,971 (21%) 753 (23%)
26,238
(19%)
159,530
(21%)

6,532 (08%) 5,894 (06%) 5,606 (08%) 4,862 (7%) 4,885 (9%)

27,779
(23%)
159,139
(16%)

5,292
(95%)
16,183
(16%)
4,656
(37%)

6,244
(37%)

6,004
(92%)
18,679
(15%)
5,427
(37%)

6,955
(38%)

6725
(94%)
19903
(14%)
5581
(35%)

6691
(36%)

12,335
(11%)

13,274
(12%)

13589
(11%)

772  (31%)

881 (31%)

947 (28%)

39,822
(37%)
194,666
(13%)

45,041
(36%)
213,723
(13%)

55011
(36%)
221863
(13%)

4757 (8%) 3,289 (11%) 3,577 (12%) 3153 (12%)

L/T sympathetic block

14,637
(68%)

11,626
(82%)
12,903
(63%)

64530

Celiac plexus block

64600

Trigeminal neurolysis

1,538
(88%)

735 (58%)

1,329
(90%)

772 (51%)

577 (58%)

655 (47%)

701(52%)

647 (43%)

587 (37%)

765 (37%)

590 (43%)

64605

Trigeminal neurolysis

209 (67%)

191 (60%)

164 (46%)

54 (100%)

38 (100%)

82 (66%)

36 (100%)

94 (59%)

66 (55%)

64610

Trigeminal neurolysis

561 (100%) 698 (100%)

597 (100%) 509 (100%) 615 (100%)

546 (94%)

418 (97%)

511 (92%)

462 (94%)

64613

Chemodenervation C spinal
muscle
Intercostal neurolysis

64630

Pudendal nerve neurolysis

64640

Peripheral neurolysis

64680

Celiac plexus neurolysis
Total

9,589
(73%)

8,696
(69%)

12,968
(81%)

64620

9,950
(80%)

56 (70%)

12,254
(73%)

9,473
(81%)

12,522
(69%)

10,233
(77%)

9,872
(67%)

8679
(66%)

16,099
(58%)

12,135
(69%)

14,680
(63%)

17,001
(60%)

16092
(53%)

1,348
(92%)

1,334
(89%)

1,366
(88%)

1608
(86%)

1,437
(89%)

1,705
(88%)

1794
(76%)

16,606
(18%)

11,988
(25%)

14,136
(25%)

18,957
(24%)

25190
(20)

29,960
(18%)

33,082
(15%)

35,780
(16%)

41268
(17%)

16 (100%)

16 (100%)

30 (100%)

97 (11%)

340 (19%)

293 (9%)

164 (0%)

243 (14%)

283 (7%)

1,752 (86%) 1,755 (85%) 2,141 (87%) 1,862 (85%) 2,003 (78%) 2,213 (72%) 1,923 (76%) 2,160 (76%) 1796 (72%)
17,375
(46%)
1,129
(94%)
331,535.02
(33%)

20,933
(31%)
1,020
(90%)
315,399.82
(33%)

25,910
31,529
(28%)
(22%)
1,227
1,247
(88%)
(77%)
326,305.04 345,263.82
(35%)
(35%)

76,280
(13%)
1,387
(54%)
457,219
(30%)

94,648
(9%)
1,708
(47%)
490,337
(28%)

103,241
(8%)
1,201
(63%)
583,970
(28%)

112,745
(8%)
1,403
(65%)
648,092
(28%)

92619
(8%)
942
(92%)
660,525
(29%)
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Structural Basis of Pain

Non-Spinal Interventional Techniques

♦ The value of interventional pain management lies in the

♦ Various types of injection techniques have been

concept of a structural basis for pain.

♦ The concept of psychogenic pain has sparked controversy

♦

♦

♦

♦

♦

in the field of pain medicine, not only regarding its prevalence, but its very existence.61
• Consequently, the concept or the term psychogenic pain
and non-organic symptoms and signs may be fundamentally meaningless.61,62
• The diagnosis of psychogenic pain not only fails to
provide a valid organic diagnosis, but it also fails to
provide validation of a patient’s symptomatology and
complaints.
Gagliese and Katz63 believed that medically unexplained
pain is not a symptom of psychological disorder and that
it is time to abandon thinking that it separates mind and
body.
An understanding of the structural basis of chronic pain is
obtained in a physical diagnosis and validation of patient’s
symptomatology whenever it is feasible rather than discounting emotional involvement.
Improved diagnostic precision will remove many of the
terms utilized in the past such as psychogenic, somatizing, hysterical, and more recently, medically unexplained
to describe many pain problems which heretofore have not
been amenable to diagnosis.
Modern technology, including magnetic resonance imaging (MRI), computed tomographic axial scanning (CT),
neurophysiologic testing, and comprehensive physical
examination with psychological evaluation can identify
the cause of low back pain in only 15% of patients in the
absence of disc herniation and neurological deficit.1,64-73
While the majority of painful conditions include various
types of pain originating from the spine; non-spinal pain
is also extremely important.
• The philosophy which has been applied based on Bogduk’s postulates that for any structure to be deemed
a cause of back pain70 may be applied for non-spinal
interventional techniques.
• Bogduk70 postulated that the cause of pain:
• The structure should have a nerve supply.
• The structure should be capable of causing pain
similar to that seen clinically, ideally demonstrated in
normal volunteers.
• The structure should be susceptible to diseases or
injuries that are known to be painful.
• The structure should have been shown to be a source
of pain in patients, using diagnostic techniques of
known reliability and validity.

♦

♦

♦
♦
♦

♦

described with multiple benefits, including pain relief
that outlasts by days, weeks, or months the relatively
short duration of pharmacologic action of the local
anesthetics and other agents used.
• No clear-cut explanations for these prolonged
improvements are currently available.
• As early as 1941, Wertheim and Rovenstine18 reported that the analgesic effect of a 2% procaine injection
may continue for 4 to 6 weeks.
Neural blockade has been postulated to alter or interrupt nociceptive input, reflex mechanisms of the afferent limb, self-sustaining activity of neuron pools and
neuraxis, and the pattern of central neuronal activities.1
• Improvements may be explained in part based on the
pharmacological and physical actions of local anesthetics, corticosteroids, and other agents.
• Local anesthetics interrupt the pain-spasm cycle and
reverberating nociceptor transmission, whereas corticosteroids reduce inflammation either by inhibiting
the synthesis or release of a number of pro-inflammatory substances and by causing a reversible local
anesthetic effect.1
Various modes of action of corticosteroids include membrane stabilization, inhibition of neural peptide synthesis or action, blockade of phospholipase A2 activity, prolonged suppression of ongoing neuronal discharge, and
suppression of sensitization of dorsal horn neurons.1
Local anesthetics have been shown to produce prolonged dampening of C-fiber activity.
Physical effects include clearing adhesions or inflammatory exudates from the vicinity of the nerve root
sleeve.
The scientific basis of some of these concepts, at least
in part, is proven for spinal pain management with
epidural injections of betamethasone and intravenous
methylprednisolone.1
Various mechanisms of benefits for longer periods of
time than the duration of the anesthetics used have
been described.
• Among the several theories listed include the influence on the sympathetic nervous system.
• Temporary abolition of spontaneous ectopic discharges results in suppression of dynamically
maintained central hyperexcitability, as well as
reinforcement of endogenous G-protein-couple
receptor inhibition of N-type voltage-sensitive
calcium channels, and glial inactivation.

10

Interventional Techniques in Chronic Non-Spinal Pain

♦ Epidural corticosteroids have been postulated to pro-

vide a certain level of efficacy by their anti-inflammatory,
immunosuppressive, anti-edema effects, and inhibition of
neurotransmission within the C-fibers.74-78 In contrast,
local anesthetics have been described to provide shortterm symptomatic relief thus, with lack of explanation for
mechanism of relief of local anesthetics on a long-term
basis.79-81
• However, postulations explain that effectiveness of
local anesthetics may be related to the direct effects of
the local anesthetic on various mechanisms in chronic
pain.79-81
• Consequently, the pathophysiologic mechanisms that
form the basis for chronic pain not only include the
presence of noxious peripheral stimulation, but includes
excess nociception resulting in the sensitization of the
pain pathways at several neuronal levels,80,81 and excess
release of neurotransmitters causing complex central
responses including hyperalgesia or windup.79
♦ All the responses of chronic pain mechanisms may result
in an increase in nociceptive sensitization of the nervous
system,82,83 and phenotype changes which are also considered as part of neuronal plasticity.82-84
• Thus, all these mechanisms provide similar aspects to
neuropathic pain.82,83,85
• Paradoxically, corticosteroids are not effective in neuropathic pain, whereas local anesthetics have been shown
to be effective in the management of neuropathic pain,86
including the prevention of onset and the treatment of
phantom-limb syndrome.81,87,88
• It is postulated that local anesthetics provide relief by
suppression of nociceptive discharge,89 the block of the
axonal transport,90,91 the block of the sympathetic reflex
arc,86,87 the block of sensitization,80,81 anti-inflammatory
effect,92,93 and blockade of axonal transport of nerve
fibers at lower concentrations compared with those that
are necessary for a block of a nerve conduction.90,91
• The long-lasting effect of local anesthetics on nerve
blocks and epidural injections has been demonstrated
in multitude of previous studies, since 1941.18,89,94-107
♦ Since the early descriptions in 1941 reporting that the
analgesic effect of a 2% procaine injection may continue
for 4 to 6 weeks,18 multiple investigators have provided
evidence for the same, with effective use of these properties in achieving pain relief beyond the expected duration
of local anesthetics after a series of blocks and sometimes
even after a single block has been utilized.
• Sato et al108 evaluated the prolonged analgesic effect
of epidural ropivacaine in a rat model of neuropathic
pain and concluded that repetitive administration of
ropivacaine into the epidural space in rats exerts and an
analgesic effect, possibly by inducing a plastic change in
nociceptive circuit.

♦ Tachihara et al109 evaluated whether corticosteroids pro-

duce additional benefit to nerve root infiltration for experimental lumbar disc herniation. In evaluation in rats, they
showed nerve root infiltration prevented mechanical allodynia. However, no additional benefit from using corticosteroid was identified, suggesting that corticosteroid may
be unnecessary for nerve root blocks.
• The local anesthetic therapeutic mechanism of nerve
root infiltration was explained on the basis of experimental investigation showing in the application of
nucleus pulposus to the nerve root induces an increase
in endoneural fluid pressure (EFP) and a decrease of
blood flow in dorsal root ganglion.110
• Increased pressure is caused by interference with capillary flow and intraneural edema, followed by breakdown
of the myelin sheath and other cytoplasmic components
of Schwann cells and the axon.111,112
♦ Lidocaine reduces the increase in EFP and pathophysiological changes in the dorsal root ganglion induced by
nucleus pulposus.113
• Lidocaine may influence intra-radicular blood flow and
exert therapeutic effects by improving EFP and blood
flow in the dorsal root ganglion.114
• Lidocaine has been postulated to decrease acidosis by
increasing blood flow.115
♦ The proposed mechanisms of breaking of the viscous circle
of pain, desensitizing the central and peripheral nervous
systems by blocking abnormal impulses from and to the
involved nerve root and DRG.126
• They described corticosteroid anti-inflammatory properties related to inhibition of prostaglandin synthesis
and decreases in regional levels or inflammatory mediators such as interleukin-1, tumor necrosis factory and
phospholipase A2.77,117-119
• Thus, corticosteroids have therapeutic effects on
radicular symptoms caused by lumbar disc herniation
due to their anti-inflammatory function.
• Corticosteroids ameliorate early vascular permeability
increases in spinal nerve roots and inhibit reductions in
nerve conduction velocity induced by epidural application of nucleus pulposus.120
• Corticosteroids may exert “anesthetic-like” actions on
nociceptive C-fiber conduction independent of antiinflammatory properties.
• Corticosteroids are known to possess direct neurotoxic
effects on peripheral nerve tissue.121
• Corticosteroids may have some detrimental effects
on the function of macrophages, which are thought
to play a role in the resorption of herniated intervertebral discs,122 dexamethasone reportedly causes
reduced blood flow in normal nerves and dorsal root
ganglion,123 and preservative and buffering agents
also are neurotoxic.124
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Diagnostic Non-Spinal Interventional
Techniques
♦ It has been postulated that for any structure to be deemed

a cause of back pain, the structure should have been shown
to be a source of pain in patients, using diagnostic techniques of known reliability and validity.70
• The diagnostic blockade of a structure with a nerve supply with the ability to generate pain can be performed to
test the hypothesis that the target structure is a source
of a patient’s pain.
♦ While there are many evidence-based interventional diagnostic techniques in diagnosing spinal pain, evidencebased diagnostic interventional techniques for non-spinal
pain are scarce.
♦ The rationale of the neural blockade as a diagnostic tool in
painful conditions is due to multiple challenging clinical
situations, which include the purely subjective nature of
spinal pain and undetermined and uncertain pathophysiology in most painful spinal conditions.
• Precision diagnostic blocks are used to clarify these
challenging clinical situations, in order to determine the
pathophysiology of clinical pain, the site of nociception,
and the pathway of afferent neural signals.
• Precise anatomical diagnosis in chronic pain has been
described not only as elusive, but also often frustrating
for both physicians and patients.
• History, physical examination, and imaging provide
limited information.
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used to diagnose painful conditions of the spine are
more closely related to the physical examination than to
a laboratory test.
• Stability of the diagnosis over a long period of time
with long-term follow-up may be also used as a gold
standard. These facts are especially true in the diagnosis
of facet joint pain, discogenic pain, and sacroiliac joint
pain.
♦ In interventional pain management, a diagnostic blockade
of a structure with a nerve supply that can generate pain is
performed to test the hypothesis that the target structure
is the source of a patient’s pain.
♦ The precision diagnostic injections have been validated in
diagnosing spinal pathology with extensive literature.
• However, no such evaluations have been performed
validating diagnostic interventional techniques for nonspinal diagnostic injections.

Therapeutic Non-Spinal Interventional
Techniques
♦ Therapeutic interventional techniques in the management

♦

Reliability and Validity

♦ Clinical studies of precision diagnostic techniques are

variable in sensitivity, specificity, accuracy, and quality.
• False-positive rate (how often a patient without a condition will nonetheless have a positive test), false-negative rate (how often a patient with disease will have a
negative test), and placebo response are crucial.
• Since none of the tests available in clinical medicine
are ideal, there is a degree of uncertainty regarding the
accuracy of each and every diagnostic test as applied to
an individual clinical case.
♦ The accuracy of a diagnostic test is best determined by
comparing it to an appropriate reference standard (gold
standard) such as biopsy, surgery, autopsy, or long-term
follow-up.
• Tissue confirmation of the presence or absence of a
disease at surgery, with a biopsy or autopsy, which has
served as the accepted gold standard across multiple
medical disciplines, is not applicable to interventional
pain management.
• Consequently, most pain provocative or relieving tests

Manchikanti

♦

♦

♦

of chronic non-spinal pain include various types of neural
blockade and minimally invasive surgical procedures.
• An array of non-spinal therapeutic interventional techniques have been developed since the description of
Cushing with relief with nerve blocks5 and trigeminal
alcohol blockade by Schloesser6 in 1903.
Therapeutic interventional techniques for managing nonspinal pain include numerous types of local anesthetic
blocks, neurolytic blocks, and cryo or radiofrequency thermoneurolysis. Implantable therapies are also utilized in
managing non-spinal pain. However, the statistics are not
available and these are not very frequently performed.
• For non-spinal pain, various types of sympathetic
blocks, cranial nerve blocks, and peripheral nerve blocks
have been advocated.
The rationale for therapeutic interventional techniques in
the spine is based upon the following considerations:
• Cardinal sources of chronic pain are accessible to neural
blockade.
• Removal or correction of structural abnormalities in
general, and in particular of the spine, may fail to cure
and may even worsen chronic painful conditions;
• Origins of chronic pain are complex.
The effectiveness of a large variety of therapeutic interventions used to manage chronic non-spinal pain has not
been demonstrated conclusively; and
• There is insufficient but increasing evidence supporting the use of interventional techniques in managing
chronic non-spinal pain.
The effectiveness of therapeutic interventional techniques
in managing non-spinal pain has been evaluated.125-136

12

Interventional Techniques in Chronic Non-Spinal Pain

Key Points
1. Interventionalists continue to face a number of evolving economic and policy-related issues in managing interventional pain practices.
2. These include issues related to reimbursement discrepancies, issues related to CPT coding, and issues related to utilization, fraud, and abuse in the coming years.
3. Payments for the in-office procedures, payments for physician work, payments for ambulatory surgery centers, and
hospital outpatient surgery centers has altered substantially over the years and is rapidly evolving.
4. With misplaced priorities of Congress and administration, physicians are seeing substantial cuts.
5. Third party payors and all other federally funded or state funded insurers follow Medicare and pay less than Medicare,
sometimes the same as Medicare, and occasionally more than Medicare.
6. Even though there is growing recognition of the clinical effectiveness of spinal interventional pain management,
interventional technology applied for non-spinal interventional techniques has weak evidence and should be investigated and evidence of effectiveness must be documented before they are used widely.
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Peripheral Nervous System
Nerve Fibers Involved in Pain

Prior to embarking on defining the various types of nerve
fibers and nociceptors involved in pain signaling, one must first
understand that this is an extremely complicated and poorly
understood system. The role of the nociceptors might best
be thought of as a surveillance system, which serves not only
to protect the body by promoting a withdrawal response but
also by launching a physiological response to injury aimed at
promoting healing. The individual roles of different nociceptors are varied. These range from simply firing in response to
a pressure or heat stimulus, to the more complex role of the
polymodal nociceptors, which not only respond to a stimulus,
but also promote neurogenic inflammation by the release of
various neuropeptides.
There are 3 primary nerve types involved in the transmission of pain signals from the periphery. These are the Aβ and Aδ
and C afferent nerves. C-fibers are small unmyelinated nerves
with a diameter of <1.5μm. The C-fibers divide into multiple
different types of nociceptors. These include C-nociceptors,
C-polymodal nociceptors, visceral receptors, heat receptors
and postganglionic autonomic receptors. A-fiber afferents can
be anatomically subdivided into 2 distinct types, Aδ and Aβ.
The Aδ-fibers are small (1-6μm in diameter) myelinated fibers
that conduct more slowly than the larger (30-70μm in diameter) Aβ-fibers, which are endowed with a denser myelin sheath.
The Aβ-fibers terminate distally into several types of endings,
including encapsulated non-nociceptive endings (e.g. Pacinian
corpuscles and Meissner endings) and free nociceptive endings.
Aδ-fibers primarily terminate into free or partially encapsulated
nociceptive terminals.

Receptors that sense noxious stimuli are termed nociceptors. There are 2 types of cutaneous nociceptors, A- and Cfiber afferents. These fibers are further stratified according to
their functional characteristics. The A-fiber nociceptors are
subdivided into 2 types, Type I and Type II. Type I nociceptors are distinguished by a higher threshold to heat stimulus
and lower threshold to mechanical stimuli. They are terminal
extensions of either Aβ- and Aδ-fibers found in hairy and glabrous skin. Type II fibers have a lower threshold to heat stimuli
but respond more vigorously to mechanical stimuli. They are
found only in hairy skin.
Nociceptor Responses to Pain
C-fibers are functionally classified as mechano-heat
nociceptors (CMH). These are further subdivided based on
their sensitivity to mechanical stimuli as either mechanically-sensitive afferents (MSA) or mechanically-insensitive
afferents (MIA).
Functionally, the reaction of CMH to heat stimuli is a
graded response that has the capacity to fatigue under normal
circumstances and fails to sensitize under pathological conditions.1 In the painful state, whereas normal warm sensitive
fibers show a decrease in firing over time, the CMHs show
a linear increase in response to higher temperatures, suggesting they are responsible for the initial pain sensation to heat.
The response is different for a steady heat stimulus. Although
CMHs initially show a strong response, if the stimulus persists
at the same temperature there is a rapid decline of impulse
generation.2
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Nociceptor response to mechanical stimuli is less predictable. C-fibers (MSAs) show a strong initial response that plateaus (i.e., response saturation) early after mechanical stimulation. In contrast, mechanically insensitive afferents have a lower
firing rate but do not demonstrate much saturation, suggesting
that only these fibers can encode for stimulus intensity above
pain threshold.3
A-fiber nociceptors are functionally classified as A-Fiber
mechano-heat nociceptors (AMH), Type I and II. Type I
AMHs show a delayed response to a painful thermal stimulus but then discharge vigorously. This is in direct contrast to
CMHs and Type II AMHs. Type II AMHs are ideally suited
to signal the initial pain sensation to thermal stimuli. These
fibers can also demonstrate sensitization to a prior heat-induced
injury. With mechanical stimuli, Type I fibers tend to fall into
the classification of MSAs, demonstrating a more robust firing
response that tends to plateau at higher levels. Type II fibers are
predominantly mechanically insensitive afferents that require
higher levels of stimulus to achieve a linear response that does
not plateau over time.3
Polymodal receptors, also known as polymodal nociceptors or neuroeffectors, are responsible for regulation of tissue
homeostasis through the release of neuropeptides and the transport of cytokines and growth factors which inform the sensory
cell body and CNS about tissue conditions. These receptors are
found in all types of tissues. They can be either A-fiber nociceptors or C-fiber nociceptors. They are characterized by their
ability to respond to more than one type of stimulus (chemical,
mechanical, and/or thermal). They are designed to modulate
electrophysiological and cytochemical signaling through sensitization or desensitization reflecting local tissue conditions.
Efferent actions are mediated through the release of excitatory
amino acids, neurotransmitters, neurotrophic factors, and nitric
oxide in response to an inflammatory insult.4
Specialized Nociceptors
Cornea, Teeth, Muscle, Joint, Respiratory, Cardiovascular,
Digestive and Meninges

The cornea is endowed with extensive innervation 300600 times the density of the skin. The majority of fibers
innervating the cornea are thinly myelinated and unmyelinated polymodal nociceptors sensitive to heat, mechanical, and
thermal stimuli.5
Tooth pulp and dentine are innervated by Aδ- and Cfibers.6 These sensory fibers are also considered polymodal
nociceptors, and respond to heat, chemical, and mechanical stimuli. They form a dense interlacing network of fibers
known as the odontoblastic network, which terminates as
free nerve endings. In general, the C-fibers transmit the dull,
poorly localized, lingering pain originating from pulp7 while
A-fibers respond to the sharp, well-localized pain that derives
from dentine.8

Muscles and joints contain small-diameter afferent fibers
thought to be responsible for nociception. These fibers have
their own unique classification, although they, too, are formed
from Aδ- and C-fibers. The small myelinated fibers in muscles
are termed Type III (derived from Aδ-fibers) and the small
unmyelinated fibers (derived from C-fibers) are known as Type
IV fibers. Approximately 40% of these fibers are thought to
be nociceptors, another 20% are contraction-sensitive, and the
remaining ones are believed to be involved in thermoregulation
and sensing deep pressure. These nociceptors have the ability to respond not only to thermal, mechanical, and chemical
stimuli, but are also activated by stretch and contraction. The
muscular Type IV nociceptors are activated by H+ ions found
in the acidic postmetabolic environment and by inflammatory
mediators following exercise.
In joints, nerve fibers are functionally categorized into 4
different types:
♦ Low threshold units activated by innocuous pressure and
movement
♦ High threshold units activated by noxious pressure or
movement
♦ Units that respond to strong pressure but not movement
♦ Units that only react to stimuli in inflamed or injured
joints (i.e., “silent nociceptors”).9
The respiratory system contains innervation by Aδ- and
C-fibers. As in other tissues, the nociceptive system has specific properties unique to the tissues being innervated. These
include the ability to respond not only to mechanical and thermal stimuli, but also to chemonociceptive input such as changes
in CO2 concentration, and the presence of dust and chemical
irritants. The specialized C-fiber polymodal receptors in the
lungs are termed J receptors. These receptors remain dormant
under normal conditions, being activated only in response to
various triggers.
In the heart there is generally no nociceptive input except
in pathologic states such as ischemia. The nociceptive afferents in the heart are believed to predominantly travel along
the sympathetic chain, though some may also travel alongside
motor and parasympathetic fibers.10 The synapse of cardiac
afferents in the dorsal root ganglia of thoracic somatic nerves
leads to the phenomenon of cardiac pain being experienced as
referred somatic pain in the left arm, shoulder, and jaw.
Afferent fibers in the gastrointestinal tract respond to specific stimuli. These various receptors include digestive chemoreceptors, thermoreceptors, mechanoreceptors, and nociceptors with polymodal sensitivities. The visceral afferent fibers
are felt to be of the Aδ- and C-fibers that course along the
sympathetic and parasympathetic chains. The afferents travel
along the vagus nerve, the splanchnic nerves, or the thoracic
sympathetic chain.
The brain and meninges are characterized by dense
plexi of unmyelinated nerves that surround meningeal blood
vessels. These fibers are predominantly C-fiber types that
terminate in free nerve endings with the presence of small
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vesicles that contain several types of polypeptides such as
substance P neurokinin A and CGRP.11 These polymodal
nociceptors respond to thermal, chemical, and mechanical
stimuli.
Propagation of the Nerve Impulse
Voltage Gated Activation
Nociceptive neurons are sensitive to different types of
noxious stimuli: thermal, chemical, and mechanical. In general
the activation of ion channels is the initiating event of nerve
impulse propagation. The inward currents that are activated
are usually Ca++ and Na+ ions and the outward currents are
potassium. These ion channels, contained within the cell membrane, can be activated and modified by a multitude of ligands.
The sodium channel can be looked upon as the primary
impulse-generating channel. In the A-fibers the predominant
channel is tetrodotoxin sensitive (TTX-S). The channels are
easily activated and generate action potentials from lower level
stimuli. The C-fibers possess a predominance of the tetrodotoxin resistant (TTX-R) channels. TTX-R channels are more
refractory than TTX-S channels to depolarization at normal
resting potentials, but are more suited to sustained bursts of
action potentials in response to a prolonged depolarizing noxious stimulus.12
The influx of calcium from membrane channels has the
dual effect of helping to propagate the nerve impulse and
altering intracellular processes. Ca++ channels facilitate the
activation of other ion channels, influence neurotransmitter release, and regulate the effects of many intracellular
enzymes.
Potassium channels are primarily responsible for the rapid
repolarization of the cell membrane that terminates the action
potential. There are numerous types of these rectifying channels, with the predominant ones being IK and IA channels. IK
channels open in response to Na+ generated depolarizations,
thereby effectively repolarizing the membrane. The IA channels also open in response to an action potential, but remain
open for some time after repolarization, thus limiting the firing
rate.
Transduction of Noxious Stimuli
Mechanotransduction
The mechanisms involved in mechanical transduction
are less well-defined that those enabling thermal and chemical transductive processes. It is postulated that the mechanical
distortion of collagenous bridging elements activates a nonspecific cation channel. These are known as mechanosensitive
channels, which can be divided into low threshold and high
threshold channels.

Larkin, Cohen

19

Thermal Transduction
The thermal transduction is mediated by vanilloid-type
receptors. When activated, these receptors increase cationic
flux, leading to membrane depolarization. The capsaicin-sensitive vanilloid receptor-1 (TRPV1) responds to noxious heat
stimuli above 45oC, whereas the capsaicin-insensitive vanilloid receptor TRPV2 responds to temperatures above 52oC.
Cold responses are mediated by the menthol-receptor-1
(CMR-1/T8).
Chemically Mediated Transduction
Numerous ligand-gated channels modulate and activate
membrane Na+ and Ca++ channels to propagate an action
potential. Chemically mediated propagation of nerve impulses in the nociceptors are generally the result of tissue injury,
which leads to the propagation of the inflammatory cascade.
The endplate of the nociceptors have numerous receptors on
the cell membrane that can respond to a variety of inflammatory mediators. These include both excitatory mediators such
as H+ ion, substance P, 5HT, ATP, acetylcholine, and glutamate as well as inhibitory receptors such as the μ receptor and
GABAA.
The pH extracellular environment changes in response to
many pathologic conditions such as hypoxia and inflammation.
The low pH has a direct excitatory effect on cell membranes
through H+ responsive membrane channels. These typically
result in increased Na+ and Ca++ permeability.
Serotonin (5HT) is released by mast cells and platelets in
response to injury. This results in activation of 5HT3 receptors
found on some small diameter sensory neurons. The excitatory effect results in increased Na+ permeability. In addition, it
indirectly sensitizes neurons via secondary messenger systems,
particularly activation of adenylate cyclase.
ATP is released when tissues are damaged, and can directly activate cationic channels via the PTX receptor found on
the cell membranes of sensory neurons. Glutamate has been
shown to increase Na+ and Ca++ permeability in the peripheral neurons via a kainite-type receptor.
Finally, GABAA acts directly on the peripheral GABAA
receptors, resulting in increased permeability to chloride ions.4
Second Messenger Systems
In addition to direct activation by ligand-gated membrane channels, neurons can also be activated via intracellular
pathways. These occur through either phospholipase-linked or
adenylate cyclase-linked receptors.
Phospholipase-linked G protein coupled receptors include
bradykinin B1 and B2 receptors and histamine 1 receptors.
The B2 receptor is activated after the activation of a phospholipase C-linked G protein receptor increases intracellular
concentrations of diacylglycerol (DAG) and inositol triphosphate (IP3). The elevated IP3 levels then act to enhance the
release of intracellular stores of calcium. DAG activates pro-
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tein kinase C, which opens ion permeable channels in the cell
membrane,13thereby allowing inward flow of Na+ ions which
depolarizes the membrane to start the action potential.
Adenylate cyclase linked G-protein-coupled receptors
include serotonin, adenosine, and noradrenaline. These receptors activate adenylate cyclase, which increases cAMP production, which in turn activates phosphokinase A, leading to
increased permeability of Na+ and K+ channels.
Peripheral Sensitization Via Intracellular Messengers

The peripheral nerve sensitization is mediated through
the increased production of cAMP.
The first step in this sequence is the production of prostaglandins. This is done through a variety of methods. Persistent
high threshold input increases the release of free fatty acids
(FFA). These FFA are then catalyzed by phospholipase A to
arachidonic acid. Arachidonic acid is then catabolized into
PGE-2 and PGI-2, which in turn increases adenylate cyclase
activity within the cell. Adenylate cyclase thus increases intracellular cAMP.
Production of intracellular cAMP results in the phosphorylation of receptors, ion channels, and other cellular targets.14In
ion channels, phosphorylation reduces resting membrane
potential and thus facilitates depolarization.

The Central Nervous System
The Dorsal Horn

The dorsal horn of the spinal cord can be thought of as the
main switchboard of the pain signaling system. It is responsible
for routing action potentials from peripheral nerves up various pathways in the CNS for interpretation and response. The
dorsal horn of the spinal cord is also a primary site in which
neuroplastic changes occur in association with neuropathic
pain states. It is also the location wherein descending modulatory inputs exert their myriad effects.
Anatomic Configuration of the Dorsal Horn

The peripheral afferents enter the dorsal horn via the dorsal root entry zone. From there they branch out and synapse
in different parts of the dorsal horn arranged with regard to
size and function. These afferents also ramify rostrally and caudally prior to synapsing with a second order neuron. The larger
afferents synapse in the deeper layers of the dorsal horn and
the smaller nociceptor afferents tend to terminate in the more
superficial layers.
The dorsal and ventral (or motor) horns are composed of
the 10 Rexed laminae, with the most superficial layer being
lamina I and the deepest layer lamina X. The dorsal horn is
composed of layers I-V and X. The motor horn is comprised of
layers VI-IX. By histological classification, lamina I is known
as the marginal layer, lamina II is the substantia gelatinosa, and

laminae III, IV, V, and VI make up the nucleus proprius. The
central canal is layer X.
The most superficial layers of the dorsal horn receive the
majority of nociceptor input. High threshold C- and Aδ-fibers
synapse primarily with second-order neurons primarily in
laminae I and II, with some contribution to lamina V, while
low-threshold AB mechanoreceptors terminate in deeper layers. The primary nociceptive afferents enter the spinal cord and
then tend to send off projections rostrally and caudally for up
to several segments. While the majority of terminations from
the axon are at the original level of entry, there are additional
terminations in the adjacent spinal levels. The C-fibers also
will ramify several segments in both directions via the Lissauers tract.15
Prior to contact with the dorsal horn neuron, the A-fibers
primary afferents will ramify rostrally and caudally up to 5 segments via the dorsal columns.
Second-Order Neurons of the Dorsal Horn
The dorsal horn neurons are classified functionally as
nociceptive specific (NS) neurons or wide dynamic range neurons (WDR).
Nociceptive Specific (NS) Neurons
The NC neurons are located in the more superficial layers
of the dorsal horn. There are 2 types of NS neurons. The first
respond only to high threshold Aδ input, while the second type
receives input from Aδ mechanical and temperature-sensitive
receptors, as well as from C polymodal receptors. The receptive
fields of the NS neurons have a small central region responsive to high intensity input and a larger surrounding receptive
field that is inhibited by non-noxious input. The NS neurons
are generally not activated by innocuous stimuli; instead, they
respond selectively to intense cutaneous and muscle stimulation. When activated, the response is brisk and unambiguous.
These properties enable NS neurons to facilitate localization
and discrimination of noxious inputs.
Wide Dynamic Range (WDR) Neurons
WDR neurons are located in the deeper lamina of the dorsal horn, primarily in lamina V. The WDR neuron is capable
of responding to a wide variety of inputs, from the innocuous
to the painful. They receive input from the Aδ- and C-fibers
of laminae II and III, but also respond to the larger non-nociceptive Aβ-fibers found in the deeper laminae as well as input
from visceral and sympathetic fibers. This phenomenon leads
to “organ convergence,” whereby visceral pain is felt in somatic
dermatomes that send fibers to the spinal cord at the same
level where the visceral fibers enter. One classic example of this
is referred pain to the shoulder during cardiac ischemia. The
WDRs that receive this varied input are capable of a graded response to stimuli, with more intense stimuli leading to
increased firing. Thus, WDRs respond to light touch as well
as painful stimuli. WDRs are capable of inducing neuroplas-
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tic changes associated with the chronic pain states via central
sensitization.
The expansion of receptive fields surrounding active nociceptors is known as “spatial convergence.” Because the input
of a specific nociceptive neuron can ramify several segments
above and below the segment where it enters the dorsal horn, a
response can be elicited in “remote” dermatomes. Thus, a sensitized WDR can receive innocuous input from neighboring
dermatomal segments and perceive these responses as painful.
This serves to increase the size of the dermatomal field around
the injured nociceptor.
Inhibitory Interneurons
Pain-modulating neurons receive input from Aδ- and Cfibers in the dorsal horn. Second-order neurons then synapse
with NS or WDR neurons, resulting in the diminution of signal transmission. Inhibitory interneurons exert these effects
primarily via the release of inhibitory neurotransmitters, most
notably GABA, glycine, and endogenous opioids.
Central Sensitization

Central sensitization is characterized by an increased
response to noxious (hyperalgesia) and non-noxious (allodynia) stimuli, as well as an expansion of the receptive field
where these responses occur. In addition, central sensitization
is accompanied by neurobehavioral effects that persist after the
initial offending event has ceased. There are 3 distinct manifestations of central sensitization: wind-up, heterosynaptic central
sensitization, and long-term potentiation.16
Wind-up
Wind-up is the exaggerated discharge of WDR neurons
in response to a barrage of C-fiber input. The response is initially graded according to the intensity of the afferent input,
but with repeated stimuli the response of the WDR becomes
more intense with the same level of stimulus. This excitatory or
“wound-up” state lasts as long as there is continued input from
the C-fibers. The enhanced response is induced by changes in
the neuronal membrane and the local release of neuromodulators such as glutamate, substance P and calcitonin gene related peptide (CGRP). The activation of N-methyl d-aspartate
(NMDA) receptors is integral to the development of wind-up.
Although wind-up will cease when the afferent input stops, in
the protracted state of continued nociceptive input that occurs
with tissue injury, a state of central facilitation or central sensitization may ensue. This is a complex series of events that
involves neuronal changes mediated by a multitude of intracellular and extracellular events.
Classic Heterosynaptic Central Sensitization
Heterosynaptic central sensitization occurs after an intense
nociceptor stimulus, whereby the activation of WDR neurons
results in enhanced synaptic efficacy. This state is character-
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ized by a reduction in stimulation threshold such that the neuron is activated by normally non-noxious stimuli from Aβfibers. This manifests as mechanical allodynia. Additionally,
there are an increased number of action potentials elicited by
suprathreshold stimuli, resulting in mechanical hyperalgesia.
The end result is an expansion of dorsal horn neuron receptive
fields, also known as secondary hyperalgesia.
Central sensitization is the result of the localized release
of neurotransmitters and neuromodulators surrounding WDR
neurons. The primary neurotransmitter involved is glutamate,
while the neuromodulators include substance P, brain derived
neurotrophic factor, and Eph-B. The principal, but not only
receptor, of these changes affect NMDA and AMPA ionotropic glutamate receptors on the neuronal cell membrane.
Other receptors that affect central sensitization of WDR neurons include neurokinin-1, mitogen activated protein kinase
(MAPK), and μ/δ/κ opioids receptors.
The NMDA receptor is one of several receptors found
within the cell membrane of the WDR neurons. It is a gated
channel that requires several events to transpire before allowing passage of calcium ions into the neuron. In order for activation to occur, the NMDA receptor requires release of the magnesium block by cell membrane depolarization, and binding to
the glutamate and glycine sites. In its active state, the NMDA
receptor permits the intracellular influx of calcium ions. This
stimulates such intracellular events as increased phosphorylation, increased release of prostanoids, and production of nitric
oxide synthetase, which results in enhanced neurotransmitter
release from primary and nonprimary afferent terminals. This
positive feedback loop further increases the activity of the dorsal horn neuron.
Long-Term Potentiation
Long-term potentiation refers to a complex series of events
leading to long-lasting increased responses of dorsal horn neurons to presynaptic release of neurotransmitters. This effect is
produced primarily by brief duration, high intensity afferent
stimulation. The core signaling cascade first involves activation
of NMDA receptors, which enhances intracellular Ca2+ influx,
leading to increased phosphorylation of the AMPA receptors,
which leads to an even greater influx of Ca2+ ions. There is
also increased expression of the AMPA receptors on the cell
surface, which may result in the activation of silent synapses.
Gene Alterations in Central Sensitization
Tissue injury produces inflammation, which induces
peripheral sensitization and eventually central sensitization via
increased afferent input. In conjunction with these changes,
the induction of transcriptional changes in dorsal horn neurons
can lead to long-lasting alterations of function. Intense nociceptor activity results in the release of glutamate, substance P
and neurotrophins from nociceptors. This in turn activates various protein kinases, in particular extracellular signal-regulated
kinases, which are able to enter the cell nucleus and activate
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cyclic AMP. This sequence of events culminates in gene transcription via the activation of gene promoter regions. Perhaps
the best known gene alterations that occur in response to tissue
injury are the increased expression of c-fos and cox-2.
Inhibitory Interneurons
Following peripheral nerve injury, there is a substantially loss of GABA-mediated inhibitory activity. This loss of
activity is in part due to cell death of inhibitory interneurons.
Paradoxically, there may also be diminished responsiveness to
GABA as well.17 This suggests that both loss of inhibition as
well as increased excitability play significant roles in pathologic
neuropathic pain states.
Microglia
In the normal state, the microglial cells in the dorsal horn
are quiescent. However, in animal models of neuropathic pain
these cells undergo morphological and physiological changes.
They change structurally from a resting ramified shape to an
amoeboid shape. Physiologically, they play a causal role in pain
behaviors via the activation of p38 mitogen-activated protein kinase and P2X4 receptors, which are central elements
in the development of allodynia. The activation of glial cells
occurs only in neuropathic pain states, not in the presence of
inflammation.
Spinal Pathways
Ascending Spinal Tracts
The spinothalamic (and trigeminothalamic) pathways are
those tracts most closely associated with pain, temperature and
itch sensation. For many years it has been known that sectioning of these tracts produces loss of pain and thermal sensation
contralaterally in the short-term. The spinothalamic originates
from 3 separate layers of the dorsal horn: the superficial layers lamina I (marginal zone) and to a lesser degree, lamina II;
laminae IV-V in the deep dorsal horn; and laminae VII and
VII in the intermediate zone.
In the marginal layer, the predominant cell type is the NS
neuron, which primarily receives input from Aδ nociceptors.
These cells respond to thermal and noxious input, but not
innocuous stimuli. The spinothalamic tract from this layer is
also known as the lateral or neospinothalamic tract (NSTT).
The predominant cell type in the deep dorsal horn is the
WDR neuron, which is capable of firing in response to both
noxious and innocuous stimuli. These cells send off projections
into what is known as the anterior or paleospinothalamic tract
(PSTT). The PSTT is formed from the spinoreticular, spinomesencephalic, and antero-medial spinothalamic tracts.18
The cells from deeper layers (laminae VII-VIII) are very
large neurons that may receive input from muscles, joints, and
skin. They can be activated by a wide variety of somatic and

visceral inputs. They receive both noxious and proprioceptive
input from muscles and joints. Projections from these layers
tend to travel along the PSTT.
Trigeminothalamic neurons join the medial aspect of the
STT at the level of the medulla. This area is known as the
trigeminal brainstem complex, and consists of the principal
sensory nucleus and spinal tract nucleus, the latter of which is
comprised of the subnuclei oralis, interpolaris, and caudalis. The
caudal-most region of this complex, the subnucleus caudalis, is
structurally and functionally similar to cervical spinal dorsal
horn, with which it merges. The trigeminal brainstem complex
receives nociceptive input from the craniofacial region, and has
projections to the thalamus as well as that described for spinal
dorsal horn laminae I and V.19
As the STT projects rostrally toward the thalamus, many
of the fibers terminate at the level of the brainstem. At the
lowest point of the brainstem, fibers terminate among the catecholamine cell groups found in the ventrolateral medulla, the
nucleus solitary tract, the locus coeruleus, and the dorsilateral
pons. These terminations may affect autonomic and hormonal
changes in response to trauma and noxious stimulation.
NSTT fibers terminate into dense collections in the
parabrachial nucleus (PB), an area that may be involved in
pain modulation and tonic immobility. Most of these fibers
are from lamina I neurons; at this level there are numerous
interconnections with the brainstem reticular formation that
functions to regulate homeostasis and autonomic responses.
The PB neurons project to the hypothalamus, amygdala,
thalamus, and insular cortex. These connections may serve as
a point of integration between nociceptive and general visceral afferent activity, as well as a relay junction to the forebrain
where autonomic, neuroendocrine, and emotional control
regions exist.
The NSTT fibers from lamina I also form terminations in
the periaqueductal gray (PAG). Projections between the PAG
and the limbic structures are thought to be responsible for
aversive behaviors, cardiovascular changes, and antinociceptive
modulation. The PAG also sends off projections to the hypothalamus and medial thalamus.
A relatively small portion of ascending fibers actually
terminate in the reticular formation, a region involved in the
affective component of pain. The exact role of these terminations is not clear. Overall, a majority of ascending neurons that
receive spinothalamic input project rostrally to the thalamus.
Descending Spinal Tracts
The best studied among the various CNS modulation systems is the periaqueductal gray-rostral ventromedial medulla
(PAG-RVM) system. This network exerts bidirectional control of nociceptive outputs by antinociceptive and pronociceptive outputs from the RVM. The RVM includes the midline
nucleus raphe magnus and the adjacent reticular formation that
lies ventral to the nucleus reticularis gigantocellularis. Electri-
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cal stimulation of the RVM has been known to inhibit dorsal
horn activity in response to noxious stimulation.20
The RVM receives most of its input from the PAG and
nucleus cuneiformis. There are relatively few neural terminations from the STT at the RVM. More frequently, the STT
projects directly to the PAG which, in response to noxious
activity, sends efferent projections back down to the RVM.
The PAG itself exerts only minimal direct control over modulation of the dorsal horn neurons; instead it exerts modulatory actions through the RVM. The RVM sends projections
caudally to the spinal dorsal horn via the dorsilateral funiculus (DLF). The spinal terminals are densest in laminae I, II,
and V. Not surprisingly, these are the levels with the densest
population of nociceptors.
There are 3 distinct classes of neurons in the RVM: “on”
cells, “off ” cells and “neutral” cells. These cells project to dorsal horn neurons and neurons of the trigeminal brainstem
complex. The RVM and PAG both influence the response
of on and off cells. The net effect of off cells is to suppress
nociception, the activation of the on cells promotes nociception, and the role of neutral cells in pain modulation remains
uncertain and likely contingent on context.21 The primary
neurotransmitter of the RVM is 5HT, which postsynaptically
inhibits nociceptive neurons and may enhance output from
inhibitory interneurons in the dorsal horn.
The PAG receives afferent input from the STT as well
as efferent input from higher centers such as the hypothalamus, limbic system, and cerebral cortex. The PAG is a primary source of endogenous opioid release. These opioids
act on spinal opioid receptors to produce pain modulation
both directly and through activation of spinal interneurons.
They also possess disinhibitory effects on descending serotonergic and catecholamine systems. The cumulative effect
of these actions is a net inhibition of RVM “on” cells and
facilitation of “off ” cells, resulting in a diminished response
to noxious stimulation. The mode of action of the μ opioid
receptor stimulation is inhibition of GABAergic inputs to off
cells (with net activation) and direct inhibition of μ receptors
found on the membranes of on cells.
The dorsilateral pontine tegmentum (DLPT) is the other primary area of descending inhibition of noxious input.22
The locus coeruleus, A5, and A7 cell groups are noradrenergic cell groups that form part of the DLPT. The primary
neurotransmitter of these neurons is norepinephrine. The
DLPT receives efferent projections from the PAG and the
RVM. The neurons of the DLPT project down to the dorsal horn where the release of norepinephrine works both
pre- and post-synaptically on nociceptive afferents, inhibiting transmission of noxious signals. In summary, the RVM
and the DLPT inhibit nociceptive transmission by a variety of mechanisms including direct inhibition of projecting
neurons, inhibition of neurotransmitter release from primary
afferents, excitation of inhibitory interneurons, and inhibition of excitatory interneurons.
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The Thalamus

The thalamus is both the endpoint for the rostrally projecting spinothalamic tracts and the transition point for the
sensory input traveling to the cerebral cortex. As the relay center for afferent input being transmitted to the cerebral cortex,
the thalamus makes refined awareness of pain possible.23
The thalamus is subdivided into several different subnuclei that receive and transmit signals from distinct regions.
The primary nuclei involved in pain perception and discrimination are the ventrobasal nuclei, the ventromedial nucleus
(VMpo) and the medial and intralaminar thalamic nuclei.
The ventrobasal nuclei are composed of the ventroposterolateral nucleus (VPL) and the ventroposteromedial (VPM)
nucleus. The VPL is composed primarily of terminations from
contralateral second order neurons from the dorsal columns.
The VPL also receives input from STT neurons originating
from laminae I and V.
Among fibers terminating in the VPL, only a small portion
is involved in pain signaling. Morrow and Casey24 reported that
only 13% of fibers in the VPL were from WDR-type neurons
and none were from NS-type neurons. These neurons are represented somatotopically, with the distal neurons terminating
in the lateral portion of the nucleus and more proximal fibers
terminating medially. The arrangement of these neurons follows the same somatotopy that mechanoreceptors follow. The
projections from the VPL portion of the thalamus are relayed
to the somatosensory areas of the cortex (SI and SII).
The VPM receives input from the trigeminal nucleus, the
pars interpolaris, and the subnucleus caudalis. The input from
the subnucleus caudalis is via the spinothalamic tracts, and is
roughly equivalent to the input from the NSTT via the trigeminothalamic tracts. Similar to the VPL nucleus, the VPM
inputs are somatotopically organized, respond to both noxious
and non-noxious input, and are mainly composed of fibers
emanating from mechanoreceptors. The VPM neurons project
to the somatosensory cortex on the lateral part of the cerebral
convexity in the post-central gyrus.
The VMpo is a thalamocortical relay nucleus that subserves pain, temperature, itch and other sensations in primates.
The VMpo receives the majority of its fibers from neurons
originating in lamina I of the dorsal horn. Although small or
nonexistent in other animals, the VMpo is quite enlarged in
humans. The NSTT projections synapse at the posterior portion of the VMpo, the ventral aspect of the basal ventral medial
nucleus, and the submedial nucleus.25,26 Unlike the VPL and
VPM, the majority of neurons in this nucleus, respond to noxious and thermal stimuli. They have small receptive fields that
increase in activity with increasing stimuli. These neurons then
send afferent projections to the dorsal insula and the second
somatosensory area (SII).
The medial and intralaminar nuclei are part of the nonspecific thalamic system. The intralaminar nuclei are composed of 5 nuclear groups. These groups receive noxious inputs
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from STT fibers as well as relayed fibers from the reticular
formation that receive direct input from the spinothalamic or
trigeminothalamic tracts. These terminations are not somatotopically organized and diffuse in nature. The nuclei then send
projections primarily to the basal ganglia. Thus, input to these
nuclei is responsible for the motor and emotional reactions to
pain as well as aversive drive.27,28
The Hypothalamus

The hypothalamus is important in the regulation of the
body’s internal milieu and its response to noxious input reflects
that role. The hypothalamus in arranged into 3 parts: the periventricular zone, the medial hypothalamus, and the lateral
hypothalamus. Neuroanatomical tracing studies have demonstrated direct connections from dorsal horn laminae I, V, and
X via the spinohypothalamic tract (SHT). In a similar fashion, there are direct projections from the nucleus caudalis (the
medullary dorsal horn) that project nociceptive input from
the trigeminal nerve branches. Given the physiologic role of
the hypothalamus and its connections, it is believed that the
SHT has a role in emotional, autonomic, and neuroendocrine
responses to nociceptive input.
The Amygdala

The amygdala is found in the medial temporal lobe. It is
subdivided into several nuclei. The nucleus that is most associated with pain behaviors is the central nucleus of the amygdala
(CEA). The CEA receives input from the thalamus as well
as the hypothalamus. CEA neurons have large receptive fields
that indicate it is probably not involved in localization of noxious stimuli,29 but it more likely plays a role in pain behavior.
There is an abundance of opioid receptors in the amygdale, but
studies designed to elaborate this role have been equivocal.30
The Cingulate Cortex

In addition to a postulated role in pain and nociception,
the anterior cingulate cortex is involved in motor, autonomic
and affective behaviors. This area is characterized by a large
number of opiate receptors. The nociceptive neurons in this
part of the brain have broad receptive fields and are not likely to aid in localization of pain. They are activated by both
somatic and visceral stimuli. Devinsky et al31 hypothesized
that the cingulate cortex may be involved in several aspects of
pain, including the affective component, the motor response to
noxious stimuli, and learning associated with predicting and
avoiding noxious stimuli.

The Basal Ganglia

The basal ganglia are composed of multiple nuclei, some
of which include the caudate nucleus, the putamen, globus pallidus, substantia nigra, and the subthalamic nucleus. Nociceptive information reaches the basal ganglia from several convergent pathways, including the cerebral cortex, the thalamus,
amygdala parabrachial nucleus, and the dorsal raphe nucleus.27
There may also be direct projections from the spinal cord via
spinostriatal and spinopallidal pathways. The caudate nucleus,
putamen, and globus pallidus have been implicated in playing
a role in pain responses. Positron emission scans have shown
increased blood flow in these areas in response to painful
stimulation.32
The Cerebral Cortex

Earlier studies on the role of the brain in pain discounted
the role of the cerebral cortex because of methodological flaws.
The earliest studies focused on the findings that trauma to the
cortex did not eliminate the perception of pain. Later studies
relied on electrical stimulation of various parts of the brain during epileptic surgeries, whereby direct stimulation only rarely
induced painful responses. This view remained fairly dominant until the advent of newer technologies in brain imaging
demonstrated the active involvement of the cerebral cortex following painful stimuli. The earliest clinical studies evaluating
the brain’s response to painful stimuli used positron emission
tomography (PET) and single photon emission computed
tomography (SPECT) to demonstrate that multiple cortical
areas are activated in response to short-duration heat pain.32,33
Since these experiments, there have been a multitude of studies
examining the responses of the cortical and subcortical areas
of the brain to various painful conditions. Despite variations
in the conclusions reached, certain parts of the cerebral cortex brain have been identified as major players in the brain’s
response to painful stimuli. In addition to PET scans and
SPECT scans, functional magnetic resonance imaging (fMRI)
has emerged as another tool for studying cerebral metabolic
changes in response to pain.
The major endpoints for nociceptive impulses in the
cerebral cortex are the first somatosensory cortex (SI), the
second somatosensory cortex (SII), the anterior cingulate cortex (ACC), the prefrontal cortex, and the insular cortex (IC).
A preponderance of evidence at this point suggests that the
somatosenstory cortices are involved in the perception and
localization of pain, while the ACC, IC, limbic, and paralimbic areas are more involved in the emotional and motivational
responses to pain.
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The SI region appears to be most important for the localization of pain. In contrast to the other areas of the brain activated by noxious stimuli, the SI area is somatotopically organized. It receives projections from the VPM and VPL of the
thalamus. It is also the first area activated in response to noxious stimuli.
The SII region contains a sparser representation of nociceptor-responsive neurons, but has been consistently shown to be
activated by painful mechanical, thermal, and electrical stimuli.
The ACC and the IC are considered to be components of the
limbic system that is intricately involved in the affective and
motivational aspects of pain. Increased ACC activity has been
positively correlated to the degree of unpleasantness reported
in experimental pain conditions.34 The IC in particular has
been associated with the emotional response to pain, such that
patients with insular lesions often demonstrate accurate perceptions of pain but none of the behavioral and physiological
responses typically associated with nociception. 35,36
In experimental stimulation of the IC painful sensations
were evoked in the upper posterior part of the insular cortex in
patients, mostly in the right hemisphere.37
The prefrontal cortex is generally activated by higher levels of stimulation. It works as a counterweight to pain-related
thalamic-orbital cortex activities by modulating the response
and possibly alleviating suffering.38
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Conclusion
The preceding chapter provides a cursory review of the
structures, mechanisms, and transmitters involved in the pain
experience. If knowledge were measured on a human scale, our
understanding of the anatomy and physiology of pain would
be in the earliest stages of infancy. Yet the past 2 decades have
borne witness to monumental strides in elaborating pain pathways, and elucidating the related concepts of sensitization and
neuroplasticity. In the current era of mechanistic-based pain
treatment, identifying the events that provoke and facilitate
pain has taken on critical importance, as drugs are synthesized with the intended purpose to target these mechanisms.
Although our appreciation of the interrelated factors that result
in chronic pain has grown tremendously, much still needs to be
learned.

Key Points
1. Actual or potential injury to any tissue containing nociceptors may result in pain.
2. The perception of pain involves a multitude of neurotransmitters acting at various sites within the peripheral and
central nervous systems.
3. Medications that target any of these sites within ascending afferent or descending inhibitory pathways may affect
analgesia.
4. There is considerable overlap between nociceptive and neuropathic pain, such that persistent nociceptor stimulation
may lead to peripheral and/or central sensitization, and injury to nervous tissue may result in the release of inflammatory neuropeptides.
5. A similar overlap in efficacy has been found for medications that were once believed to specifically target neuropathic
(i.e., antidepressants and membrane stabilizers) and nociceptive (nonsteroidal anti-inflammatory drugs and opioids)
pain.
6. As pain pathways and risk factors become better defined, more emphasis will shift towards preventing chronic pain.

26

Interventional Techniques in Chronic Non-Spinal Pain

References
1.

2.

3.

4.

5.

6.

7.
8.

9.

10.

11.
12.

13.

Campbell JN, Meyer RA. Sensitization
of unmyelinated nociceptive afferents in
monkey varies with skin type. J Neurophysiol 1983; 49:98-110.
Campbell JN, Meyer RA. Evidence for
two distinct classes of unmyelinated nociceptive afferents in monkey. Brain Res
1981; 224:149-152.
Garell PC, McGillis SL, Greenspan JD.
Mechanical response properties of nociceptors innervating feline hairy skin. J
Neurophysiol 1996; 75:1177-1189.
Meyer RA, Ringkamp M, Campbell JN,
Raja SN. Peripheral mechanisms of cutaneous nociception. In: McMahon SB,
Koltzenberg M (eds.) Wall and Melzacks
Textbook of Pain, 5th Edition. Elsevier,
Churchill Livingstone 2006.
Belmonte C, Gallar J, Pozo MA, Rebollo I. Excitation by irritant chemical substances of sensory afferent units
in the cat’s cornea. J Physiol 1991;
437:709-725.
Byers MR, Maeda T. Periodontal innervation: Regional specializations,
ultrastructure, cytochemistry and tissue interactions. Acta Med Dent Helv
1997:2:116-133.
Trowbridge HO. Intradental sensory
units: Physiological and clinical aspects.
J Endod 1985; 11:489-498.
Ahlquist M, Franzén O, Coffey J, Pashley D, Endod J. Dental pain evoked by
hydrostatic pressures applied to exposed
dentin in man: A test of the hydrodynamic theory of dentin sensitivity. 1994;
20:130-134.
Schaible HG, Schmidt RF. Excitation
and sensitization of fine articular afferents from cat’s knee joint by prostaglandin E2. J Physiol 1988; 403:91-1041.
Meller ST, Gebhart GF. A critical review
of the afferent pathways and the potential
chemical mediators involved in cardiac
pain. Neuroscience 1992; 48:501-524.
Bove GM, Moskowitz MA. Primary afferent neurons innervating guinea pig
dura. J Neurophysiol 1997; 77:299-308.
Giordano J, Boswell MV. Neurobiology
of nociceptive and anti-nociceptive systems. In Manchikanti L, Singh V (eds.)
Interventional Techniques in Chronic Spinal Pain. ASIPP Publishing, Paducah,
KY, 2007, pp 17-29.
Burgess PR, Perl ER. Myelinated afferent fibres responding specifically to noxious stimulation of the skin. J Physiology
(London) 1967; 190:541-562.

14. England S, Bevan S, Docherty RJ. PGE2
modulates the tetrodotoxin-resistant sodium current in neonatal rat dorsal root
ganglion neurons via the cyclic AMPprotein kinase A cascade. J Physiol 1996;
495:429-440.
15. Light AR, Perl ER. Spinal termination
of functionally identified primary afferent neurons with slowly conducting
myelinated fibers. J Comp Neurol 1979;
186(2):133-150.
16. Woolf CJ, Salter MW. Plasticity and
pain: The role of the dorsal horn. In
McMahon SB, Koltzenberg M. (eds.)
Wall and Melzacks Textbook of Pain, 5th
Edition. Elsevier Churchill Livingstone
2006. pp.91.)
17. Coull JA, Boudreau D, Bachand K,
Prescott SA, Nault F, Sík A, De Koninck
P, De Koninck Y.Trans-synaptic shift in
anion gradient in spinal lamina I neurons
as a mechanism of neuropathic pain. Nature 2003; 424:938-942.
18. Mehler, W. The anatomy of the so-called
“pain tract” in man: An analysis of the
course and distribution of the ascending
fibers in the fasciculus anterolateralis.
In: French, J, Porter R (eds): Basic Research in Paraplegia. Charles C. Thomas,
Springfield, IL, 1962.
19. Darian-Smith I. The trigeminal system.
In: Iggo A. (ed.) Handbook of sensory
physiology. New York: Springer-Verlab,
1973: 271-314.
20. Fields HL, Heinricher MM, Mason P.
Neurotransmitters in nociceptive modulatory circuits. Annu Rev Neurosci 1991;
14:219-245.
21. Fields HL, Heinricher MM. Anatomy
and physiology of a nociceptive modulatory system. Philos Trans R Soc Lond B
Biol Sci 1985; 308:361-374.
22. Proudfit HK, Clark FM. The projections
of locus coeruleus neurons to the spinal
cord. Prog Brain Res 1991; 88:123-141.
23. Chudler EH, Bonica JJ. Supraspinal
mechanisms of pain and nociception. In
Loesser JD (ed.) Management of Pain 3rd
Edition Lippincott and Williams 2001,
Philadelphia, PA, pp.151-).
24. Morrow TJ, Casey KL. State Related
modulation of thalamic somatosensory
responses in the awake monkey. J Neurophysiology, 1992
25. Craig AD. Distribution of trigeminothalamic and spinothalamic lamina I
terminations in the cat. Somatosens Mot
Res 2003; 20:209-222

26. Craig AD, Bushnell MC, Zhang ET,
Blomqvist A. A thalamic nucleus specific for pain and temperature sensation.
Nature 1994; 372:770-773.
27. Chudler EH, Dong WK. The role of the
basal ganglia in nociception and pain.
Pain 1995; 60:3-38.
28. Mendell LM, Wall PD. Responses of
single dorsal cord cells to peripheral
cutaneous unmyelinated fibres. Nature
1965; 206:97–99.
29. Bernard JF, Besson JM. The spino (trigemino) pontoamygdaloid pathway:
electrophysiological evidence for an
involvement in pain processes. J Neurophysiology 1990; 63:470-490.
30. LaMotte CC, Snowman A, Pert
CB.Opiate receptor binding in rhesus
monkey brain: Association with limbic
structures. Brain Res 1978; 155.
31. Devinsky O, Morrell MJ, Vogt BA. Contributions of anterior cingulate cortex to
behaviour. Brain 1995; 118:279-306.
32. Jones AK, Brown WD, Friston KJ, Qi
LY, Frackowiak RS. Cortical and subcortical localization of response to pain
in man using positron emission tomography. Proc Biol Sci 1991; 244:39-44.
33. Apkarian AV, Stea RA, Manglos SH,
Szeverenyi NM, King RB, Thomas FD.
Persistent pain inhibits contralateral somatosensory cortical activity in humans.
Neurosci Lett 1992; 140:141-147.
34. Rainville P, Duncan GH, Price DD,
Carrier B, Bushnell MC. Pain affect encoded in human anterior cingulate but
not somatosensory cortex. Science 1997;
277:968-971.
35. Berthier M, Starkstein S, Leiguarda R.
Behavioral effects of damage to the right
insula and surrounding regions. Cortex
1987; 23:673-678.
36. Berthier M, Starkstein S, Leiguarda R.,
Asymbolia for pain: A sensory-limbic
disconnection syndrome. Ann Neurol
1988; 24:41-49.
37. Ostrowsky K, Magnin M, Ryvlin P, Isnard J, Guenot M, Mauguière F. Representation of pain and somatic sensation
in the human insula: A study of responses to direct electrical cortical stimulation.
Cereb Cortex 2002; 12:376-385.
38. Lorenz J, Minoshima S, Casey KL.
Keeping pain out of mind: The role of
the dorsolateral prefrontal cortex in
pain modulation. Brain 2003; 126 (Pt
5):1079-1091.

Fluoroscopy in Non-Spinal Pain

3

Andrea M. Trescot, MD
Christian Gonzalez, MD

Whenever the topic of fluoroscopy is discussed, it is very
important to know its origin, its use and potential damage.
♦ William Roentgen discovered x-rays in 1895, working in his
laboratory in Germany, on the night of November 8, 1895.
• Whenever he electrified thin gas in vacuum tubes, a fluorescent screen at the other end of the laboratory table
glowed slightly.
• He thought that he needed a heavier metal that could
be harder to penetrate unlike iron and steel that he was
utilizing, and decided on the use of lead.
• He moved his hand and saw the bones of his hands.
• He was so surprised he decided to grab a photographic
film and performed the movement of his hand across
the lead again for a permanent record.
♦ It was and still is one of the most dramatic discoveries of
human kind.
• Not only had he figured out that the rays could be absorbed
by lead, but that it penetrated through human tissue.
• By placing the photographic film he created the first
x-ray as we now know it in medicine.
• He had his wife place her left arm under the x-rays. She
was wearing her wedding ring and it was clearly seen on
the image (Fig. 1).
• He received the Nobel Prize in 1901 for his great discovery and applicability.

• It was the first year that the Nobel Prize was created.

♦ The introduction of fluoroscopy (and specifically C-arms)

into the chronic spinal pain treatment practice has revolutionized the specificity and effectiveness of spinal injections, and helped answer some of the most perplexing questions regarding the etiology of chronic spinal pain. The use
of x-ray fluoroscopy has increased dramatically in recent
years and is spreading beyond the radiology department.
♦ The use of x-ray equipment by personnel who have not
received specialized training in the proper use of radiation creates the potential for excessive radiation exposure
to personnel and patients.
• Inadequate training combined with increased radiation
outputs, higher x-ray tube heat capacities, and realtime digital image acquisition and storage can produce
patient doses that induce serious skin damage.
• The risk of adverse radiation effects originating from a
medically necessary procedure is almost always offset by
the benefit received by the patient
♦ The identification of pain generators such as facet pathology and sacroiliac pathology, the development of precision
injections such as transforaminal epidurals, and the technical
advances of techniques such as vertebroplasty and percutaneous disc decompression have fueled the interest in and the
effectiveness of the field of interventional pain management.
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Fluoroscopic Safety
♦ Radiation is a powerful but potentially dangerous modality, with risk to the patient as well as the provider.

♦ No interventionalist should consider the use of fluoro-

scopic imaging without a thorough understanding of:
• the production of the radiation,
• the effect of the radiation,
• the protection from the radiation generated by the fluoroscopic image.
♦ In addition, the ability to steer the needle effectively to
the target and an understanding of the fluoroscopic images
produced are necessary to be an effective injectionist.
X-ray Production

♦ X-rays are photons produced by the movement of elec-

Fig. 1. Roentgen’s wife’s hand.
• In the same way, though at a much slower pace, the

introduction of fluoroscopy into the nonspinal pain
treatment arena has increased the specificity and effectiveness of a variety of treatment modalities.
• However, in order to improve the benefit-risk tradeoff
for these procedures, it is important that the physician
explore the physics behind the radiation effects and
to seek means by which to avoid them or reduce their
severity for future cases.
♦ Though discussed in more detail later in another chapter, stellate ganglion blocks serve as good example of the
modification of a blind technique into a more effective and
safer fluoroscopic technique.
• Unfortunately, despite its introduction in the 1990s, the use
of fluoroscopy for stellate ganglion blocks is still limited.
• A survey of Canadian anesthesiologists in 2005 showed
that 83% of these physicians still performed stellate
ganglion blocks blindly, despite the fact that 88% used
fluoroscopy for facet blocks.1
♦ This chapter will focus on the indications and techniques
of fluoroscopy related to the treatment of nonspinal pain.

♦

♦
♦
♦

trons in atoms.
• Electrons occupy different orbitals around the nucleus.
• When an electron drops to a lower energy orbital, it
needs to release some energy, and it does so in the form
of a photon.
• The energy level of the photon depends on how much
energy was displaced. This photon travels a distance
before striking another atom.
• When a photon collides with another atom, the atom
may absorb the photon’s energy by moving an electron
to a higher level orbit.
• A larger atom is more likely to absorb an x-ray photon
in this way, because larger atoms have greater energy
differences between orbitals—the energy level more
closely matches the energy of the photon.
• Smaller atoms, where the electron orbitals are separated by relatively low jumps in energy, are less likely
to absorb x-ray photons.
• The soft tissue in the body is composed of small
atoms, and does not absorb x-ray photons particularly well.
• The calcium atoms in bone are much larger and are
good at absorbing the photons.
• This is the reason for the clear anatomy of bones
but poor quality of soft tissue with x-rays.
Electrons are generated when a filament is heated (“boiled
off ”)
• The filament is mounted in a metal cup
• Also called the “cathode”
An electrical potential attracts the electrons to the target
• Determines the speed to which the electrons will be
accelerated
The flow of electrons is measured in milliamperes (mA)
• Also called “tube current”
The electrical potential between the anode and cathode is
measured in kilovolt potential (kVp)
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Fig. 2. Fluoroscopic parameters.

Modified from Wagner LK. 5 Production, nature, and effects
of fluoroscopy. Manchikanti L, Singh V (ed): Interventional
Techniques in Chronic Spinal Pain, ASIPP Press, 2007.

• To simplify, kVp controls the speed of accelerated elec-

♦

♦
♦
♦

♦

♦

trons and mA describes the number of electrons being
accelerated (Fig. 2).
• Only about 1% of the energy generated actually produces x-rays
X-rays are produced when high-speed electrons are
slammed into a high density tungsten-rhenium alloy
• Also called the “anode” or the “target”
• The temperature of the anode rises rapidly to very high
levels
• This necessitates fans to dissipate the heat
The amount radiation generated is a function of mA. kVp,
and time of exposure (Fig. 2).
The modern fluoroscopy machine usually has automatic
brightness controls (ABC), which allows the machine to
control mA and kVp to maintain a constant image.
The x-rays are divergent, and need to be focused by filters,
and shaped by collimator blades or irises (Figs. 3 and 4).
• Doubling the distance decreases the radiation by one
fourth in four times the area
• Conversely, halving the distance increases the radiation
four fold (Fig. 5).
X-rays pass through the patient, and an image intensifier then transforms the photon energy into a visible light
image, amplifies the image brightness by about 10,000,
and then transmits the image to a monitor (Fig. 3).
Lead plates called collimators are used to narrow the beam
size and shape (Fig. 4)

Fig. 3. Fluoroscopic components.

From Schueler BA2. The AAPM/RSNA physics tutorial for
residents general overview of fluoroscopic imaging. Radiographics
2000; 20:1115-1126.

Fig. 4. Collimation.

From Copeland JF Walsh, DJ.3 Beth Israel Deaconess Medical Center Radiation Management Training Program Manual.
(http://home.caregroup.harvard.edu/departments/radiology/
safety/radiation/home.html)
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• A reduction in radiation input subsequently results,

lowering image brightness.

1000 X-rays

1000 X-rays

Area=1

Area=4

• Less tissue irradiated
• Less scatter
• Scatter degrades the video image so collimation

improves image (Fig. 5).

• Collimators can also improve image quality by block-

1 Meter
2 Meters

Fig. 5. X-ray divergence.

From Copeland JF, Walsh DJ.3 Beth Israel Deaconess Medical Center Radiation Management Training Program Manual.
(http://home.caregroup.harvard.edu/departments/radiology/
safety/radiation/home.html)

ing-out “bright areas,” such as lung regions, allowing
better resolution of other tissues.
♦ Magnification is achieved by electronically manipulating
a smaller radiation input area over the same output area
(Fig. 6).
• This leads to a lower output brightness.
• The Automatic Brightness Control (ABC) system
compensates for the lower output brightness by increasing radiation production.
• This increases the exposure to patient and staff.

More Beam condensed to II output = Brighter Image

Large
Field of View
(Normal)

Target

Image Intensifier

Video Output

Smaller
Field of View
(Mag 1)

Less Beam condensed to II output = Dimmer Image
Fig. 6. Magnification.

From Copeland JF, Walsh DJ.3 Beth Israel Deaconess Medical Center Radiation Management Training Program Manual. (http://
home.caregroup.harvard.edu/departments/radiology/safety/radiation/home.html)
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Interactions of X-rays with Matter

Radiation Terms

♦ After the electron ionizes the atoms in its path, it causes changes

♦ There are multiple terms describing radiation and radia-

to the structure of the atoms that were struck by the electron.
• These changes that have occurred need to be rearranged
by the body in order to normalize.
• At this time the body can either rearranged its structures back to normal or side effects can develop from the
exposure to radiation if the body cannot renormalize.
• There are 2 responses that could potentially affect the
person exposed to radiation:
• Stochastic effect relates to the chance of developing carcinomatous cells after being exposed to a single exposure.
• The exposed person could potentially have genetic
predisposition or simply put bad luck that even the
smallest amount of radiation could trigger carcinomatous changes in cell.
• It is believed that the genetic component is very
low, if not insignificant, in the contribution to stochastic effect. The more exposure to radiation, the
more likely that there will be a chance for a cell to
turn cancerous.
• Deterministic effect occurs when enough large dosage
of radiation was produced, thus causing the damage.
• It can be either in the acute period or it can be
cumulative over time.
• However, there is a clear relationship between dose
		 exposure and the tissue damage.
• X-rays have several fates as they traverse tissue. The
most important interactions are:
• No interaction (the x-rays pass completely through
the tissues) – show up white on the screen
• Complete absorbsion by the tissue -- shows up black
on the screen
• Partial absorbsion/scatter
• The probability of radiation interaction is a function of
• Tissue electron density
• Tissue thickness
• X-ray energy (kVp).
• Dense material like bone and contrast dye attenuates
more x-rays from the beam than less dense material
(muscle, fat, air). The differential rate of attenuation
provides the contrast necessary to form an image.
• Higher kVp x-rays are less likely to interact with tissue and are
described as more “penetrating.” Increasing kVp, therefore:
• Generates more penetrating radiation
• Reduces the relative image contrast (or visible difference) between dense and less dense tissue
• Only one percent of the x-rays reach the
image- recording device (e.g., image intensifier)
• 99 percent of the x-rays generated are either
absorbed within the patient (patient radiation
exposure) or are scattered throughout the examination
room (staff radiation exposure).

tion exposure, which is often confusing even to those quite
familiar with radiation physics. These terms describe:
• X-ray machine radiation output
• Radiation exposure
• Radiation risk

X-ray Machine Output

♦ Entrance Skin Exposure (ESE)

• The amount of radiation delivered to the patient’s skin

at the beam’s entrance point.

• ESE may also be described as “table-top dose.”
• Most x-ray machine regulations are defined in ESE.
• The unit is Roentgens per minute (R/min)

♦ Radiation dose

• The energy imparted per unit mass of tissue
• Patient radiation exposure is described in terms of

♦

♦
♦

♦

immediate biological effects caused by radiation
• The unit is a Rad.
Occupational radiation exposure
• The unit is the Rem.
• Rems are synonymous with risk, with increasing Rem
equivalent to increasing probability of latent health effects.
• For the case of fluoroscopy, the risk of long-term effects
from 1 Rad of patient dose is equivalent to 1 Rem (i.e.,
1 Rad = 1 Rem).
Absorbed dose
• One joule of energy deposited in one kilogram mass
• The unit is the Gray (Gy)
Effective dose
• The unit is the Sievert (Sv)
100 mRem = 1 mSv
100 mRad = 1 mGy
The Food and Drug Administration (FDA) regulates the
parameters of all fluoroscopy systems.4
• For routine fluoroscopy applications, the FDA limits
the maximum ESE to 10 R/min.
• The use of higher radiation rates or “boost” modes
are useful in situations requiring high video image
resolution.
• ESE of up to 20 R/min is permitted for short duration.
• Cine involves exposing cinematic film to the image
intensifier output, providing a permanent record of the
imaged sequence.
• X-ray production must be increased to adequately
expose the cinematic film
• Dose rates during cine recording may be 10 to 20
times higher than normal fluoroscopy (i.e., ESE of
90 R/min or greater).
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Techniques to Decrease Radiation Exposure

♦ Last image hold

• Allows the operator to view a static image at leisure.
• The human eye takes 0.2 seconds to recognize an

image.

• Avoids continuous patient and staff radiation exposure.

♦ Short pulses

• Longer exposures do not increase brightness or clarity.

♦ Stay back

• One step away from the patient decreases the exposure

by a factor of 4.

♦ Decease room lights.
♦ Use collimation (especially with extremities).
♦ Keep your hands out of the field (Fig.7).

• X-ray gloves only decrease radiation by 30%.

♦ X-ray tube placement

• X-ray tube should be below, image intensifier above (Fig. 8)
• Avoid being on the side of the tube during obliques and

laterals (Fig. 9).

Fig. 8. Incorrect and correct placements of image intensifiers.

Fig. 9. Oblique scatter.

♦ Minimize use time

• Avoid redundant views.
• Pre-plan images.
• Eliminate unnecessary “panning.”
• Monitor case times (Fig. 10).
• Use shielding.
• Lead aprons

• Block 90% of radiation if in good condition.
• Need to be kept flat (do not fold).
• Thyroid shield (make sure it is high enough).
• X-ray glasses
• Block 85 to 90% of radiation to eyes.
• X-ray gloves
• Only give 30% protection.
• Monitor exposure
• X-ray badge
• Worn outside shielding,
• Usually on thyroid shield
• Also worn inside on abdomen if pregnant
• Monitor room as control.

Fig. 7. Hand in the field.

Courtesy of Dr. William Paul.
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A. Mean fluoroscopic time for common pain procedures.
ESI = epidural steroid injection; FB = facet joint block;
SB = sympathetic nerve block; SI = sacroiliac joint injection;
DG = discography.
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B. Mean fluoroscopic time for epidural steroid injection
by physicians.

C. Mean radiation dose for epidural steroid injection by physicians.
Letters A to G represent 7 attending physicians unrelated to their
first or last name.
There is a significant difference on the radiation dose for Epidural
Steroid Injection (ESI) among the physicians (F(6,92)=3.493;
p=0.0037)

Fig. 10. Fluoroscopy times for common pain procedures.

Reproduced from Zhou et al6 with permission from the authors and the American Society of Interventional Pain Physicians.

Common Non-Spinal Procedures

♦ Trigemenal Ganglion and Nerve Blocks
♦ Stellate Ganglion Block
♦ Shoulder Injection
♦ Intercostal Nerve Block
♦ Cluneal Nerve Block
♦ Splanchnic Nerve Blocks
♦ Thoracic Sympathetic Blocks
♦ Lumbar Sympathetic Blocks
♦ Hypogastric Plexus Blocks
♦ Ganglion Impar Blocks

♦ Hip Joint Injection
♦ Knee Joint Injection
♦ Ankle Joint Injection
Conclusion
Fluoroscopy for non-spinal procedures is very similar to
spinal procedures, other than the anatomy is usually much less
familiar, and collimation is much more important.
Contributions to this chapter were also made by Carl Noback,
MD.
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Key Points
1. X-rays were discovered in 1895 by William Roentgen in Germany.
2. In the evolving specialty of interventional pain management, fluoroscopy is used more commonly than ever before.
3. Interventionalists must have a thorough understanding of the production of the radiation, the effect of the radiation, and
the protection from the radiation generated by the fluoroscopic image.
4. Multiple terms describing radiation and radiation exposure include x-ray, machine radiation output, radiation exposure,
and radiation risk.
5. Common non-spinal procedures requiring fluoroscopy include trigeminal ganglion and nerve blocks, stellate ganglion
block, shoulder injection, intercostal nerve blocks, cluneal nerve blocks, splanchnic nerve blocks, thoracic sympathetic
blocks, lumbar sympathetic blocks, hypogastric plexus blocks, ganglion impar blocks, hip joint injection, knee joint injection, and ankle joint injections.
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Originally, regional anesthesia was performed by compressing peripheral nerves over an extended period of time
to cause profound long-lasting anesthesia, distal to the site of
compression. This could produce long-lasting nerve damage
as well. This method of nerve compression was described in
the sixteenth century by the French military surgeon Ambroise
Pare (1510 – 1590), but the technique may have been used
earlier and not reported. Another famous French military surgeon, Dominique Jean Larrey (1766 – 1842), who served under
Napoleon as surgeon-in-chief of the French army, described
his observations of cold injuries on nerve function and their
effect on reducing the pain of amputation.
While the anesthetic properties of cocaine were known
and published in the nineteenth century, it was Carl Koller
(1852 – 1944), an Austrian physician, who recognized the
importance of those findings and introduced cocaine as a local
anesthetic into clinical practice. In 1884, Koller prepared an
aqueous solution of cocaine and instilled the solution onto
the cornea to anesthetize the eye of a frog. The results of the
study were presented at the German Ophthalmological Society meeting in Heidelberg later that year.1
Today, regional anesthesia is performed most frequently by
injection of local anesthetic into close proximity of specific target sites in the central and peripheral nervous systems. However, other forms of regional anesthesia include radiofrequency
ablation, chemical denervation, heat lesions, cold lesions, and
surgical interruption of nervous pathways. These other forms
of regional anesthesia are more permanent in nature than are
local anesthetics; they have a higher rate of complications, and
are not suited as techniques for regional anesthesia for surgical procedures. However, they may have use as treatments for
chronic pain states where the benefits of long duration outweigh the risks and side effects of the destructive procedure.
Regional anesthesia is performed at various levels of the
nervous system using local anesthetics administered topically,

by tissue infiltration, via intravenous injections, and by peripheral nerve blocks. Central neuraxial blockade, including spinal
and epidural anesthesia, affects spinal nerves or interrupts signal transmission in the dorsal roots or dorsal root ganglia of
the spinal cord.2
The endpoint for all these approaches to regional anesthesia is the same. A local anesthetic needs to reach voltage-gated
sodium channels on the nerve cell to block conduction of nerve
impulses by inhibiting propagation of the action potential. If
the blockade is sufficient in magnitude to block the nerve
transmission associated with painful surgical stimuli, the result
will be a satisfactory regional anesthetic.
Depending on the kind of regional anesthetic performed
and the site of injection utilized, the onset, duration, volume,
and concentration of local anesthetic required for successful
regional anesthesia may differ significantly.
Over the years, regional anesthesia has evolved from a
technique used to supplement general anesthesia for surgical
procedures to one used outside of the operating room. Nerve
blocks are now used for the diagnosis and treatment of chronic
pain syndromes. Interventional pain management has evolved
into a subspecialty of its own, separate from anesthesia, and is
defined as “the discipline of medicine devoted to the diagnosis and treatment of pain-related disorders principally with the
application of interventional techniques in managing subacute,
chronic, persistent, and intractable pain, independently or in
conjunction with other modalities of treatment.”
Consequently, interventional techniques also have taken a
separate identity and have been defined by MedPAC as “minimally invasive procedures including, percutaneous precision
needle placement, with placement of drugs in targeted areas or
ablation of targeted nerves; and some surgical techniques such
as laser or endoscopic diskectomy, intrathecal infusion pumps
and spinal cord stimulators, for the diagnosis and management
of chronic, persistent or intractable pain.”
35
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Anatomy
♦ Peripheral nerves are generally mixed nerves, containing

afferent and efferent fibers of different sizes and structures,
although some smaller peripheral nerves are purely sensory. All peripheral nerves are extensions of spinal nerves
that exit the spinal column through the intervertebral
foramina.
• The foramen contains the dorsal root ganglia, spinal
nerves, arteries, and veins.
• The dorsal root ganglion is a complex structure that
contains several thousand cell bodies of afferent sensory
axons.
♦ Peripheral nerves often travel adjacent to blood vessels
within neurovascular bundles, surrounded by layers formed
by muscle fascia.
• The peripheral nerve itself is invested with epineurium
that is loosely attached to adjacent nerve tissue (Fig. 1).
• The epineurium consists of dense, irregular, connective
tissue surrounding groups of nerves and smaller blood
vessels.
• A peripheral nerve contains a number of nerve fascicles,
each enveloped by perineurium and separated from
other nerves by additional fat and connective tissue.
♦ Each fascicle contains individual nerve fibers, connective

tissue, and blood vessels.
• Individual axons are covered by glia cells that form the
endoneurium.
• Nerve fibers of the autonomic nervous system travel to
the periphery or innervate vascular structures within the
peripheral nerve or nerve fascicle.
♦ Myelinated motor and sensory nerve fibers are individually
enveloped by layers of myelin, whereas small unmyelinated
fibers, such as nociceptive afferent C fibers, are bundled
and covered by a single Schwann cell sheath.
• Myelin is a bilayer lipid membrane formed by a Schwann
cell that invests an individual myelinated nerve axon in
as many as several hundred layers of myelin.
• The layers of myelin formed by a single Schwann cell
are interrupted by nodes of Ranvier.
• The electrical impulse is transmitted in a salutary
fashion from node to node, with the myelin acting as
insulation between the cell membrane and the extracellular space.
• Most of the sodium and potassium channels in myelinated nerves are present at these nodes.
• Nonmyelinated nerve axons are located in bundles
encased by a Schwann cell, but without covering layers of myelin.

Fig. 1. Peripheral nerve cross section. A − epineurium;
B − perineurium; C − fascicle of nerve fibers; D − blood vessel.
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with increased inward sodium conductance.

• The inactivated state, during which time repolarization

♦ Like all other biologic membranes, the membrane of the

nerve cell consists of a lipid bilayer with embedded cholesterol, carbohydrates, lipids, and proteins.
• The bilayer is formed by amphiphilic phospholipids
with a polar hydrophilic head and a long hydrophobic
hydrocarbon tail.
• The cell membrane is impermeable to ions and forms
an electrical insulation between the inside and the outside of the nerve cell.
• The cell membrane is traversed by proteins with different molecular properties.
• These proteins act as selective ion channels, permitting the different ions to cross the cell membrane.
Several different subgroups of selective sodium, calcium, and potassium channels have been identified.
♦ While all sodium channels have similar structures, there
is variability in their distribution in different tissues and
during different stages of development.
• The difference in sodium channel expression has an
important effect on physiology and the sodium channel
blockers on various cells.
• Not only is there a variance of sodium channel
expression in different tissues, but expression of sodium channels may vary among cells of the same tissue
type.
• The sodium channel itself is a complex of glycosylated
proteins consisting of 4 ß-subunits and ß1 and ß2 subunits, which in assembled form traverse the bilayer cell
membrane.
♦ Triggered by the depolarization of a neighboring cell
membrane, the sodium channel changes its conformation
and opens for a few milliseconds.
• Depolarization changes the configuration of sodium
channels to an open state, allowing for a rapid influx of
sodium ions through neighboring sodium channels in
the area of the developing action potential.
• During this open state, sodium influx along the concentration gradient changes the local membrane potential
and transmits the electrical impulse along the nerve.
♦ Following depolarization, sodium channels are temporally
refractory to additional depolarization impulses, and are in
a nonconducting, inactivated, closed state.
• During this time, the axon is in a repolarization
phase, and the cell membrane is resistant to further
depolarization.
• This resistance can be explained by the 3 conformational states of the sodium channel.
• The normal state of the sodium channel is the closed
resting state in which the sodium channel is impermeable to sodium.
• The opened state, during depolarization, is associated
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occurs, results from decreased sodium and increased
potassium conductance that causes an increased outward flux of potassium from the nerve cell into the
extracellular space.
Sodium channel activation is required by the nerve to generate an action potential and to conduct a nerve impulse.
• By activating other neighboring voltage-gated sodium
channels, the action potential spreads along the cell
membrane in a self-propagating process.
• The short refractory period after depolarization, in
which the area of the cell membrane is inactivated,
ensures a unidirectional impulse.
Depolarizations that do not recruit enough sodium channels are considered to be below the membrane excitability
threshold and will not conduct an impulse.
• The velocity of impulse transmission along the axon
depends on the diameter of unmyelinated nerves and
whether or not the nerve axon is myelinated.
The concentration of ions in the nerve cell and the extracellular fluid differ markedly.
• The concentration of potassium ions is low in the extracellular space and high inside the axon; the concentration of sodium ions is high in the extracellular space and
low within the cell.
• This gradient for sodium and potassium is maintained
by an ion pump mechanism driven by Na+K+ ATPase,
which is a membrane-bound enzyme located on the
inside of the neuronal cell membrane.
• The process is energy-dependent, powered by ATP; 3
sodium ions are transported outward in exchange for 2
potassium ions transported inward.
At rest, the cell membrane is more permeable to potassium
than to sodium ions, resulting in a net flow of potassium
ions from inside the cell to the extracellular space along a
concentration gradient.
• This leakage of potassium ions causes an electric potential of –60 to –90 mVolts across the cell membrane,
with the inside of the membrane considered negative
by definition. This electrical gradient is described by the
Nernst equation.
Local anesthetics act primarily on voltage-gated sodium
channels.
• By binding to the sodium channel the local anesthetic
prevents a conformational change of the channel and
inhibits the fast sodium influx needed to initiate an
action potential.
• Binding of local anesthetic molecules initially decreases
the rate and strength of a nerve impulse and, if sufficient, subsequently abolishes impulse transmission
completely.
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Molecular Mechanisms of Action

♦ For both groups of local anesthetics, esters and amides,

♦ Most local anesthetics are basic, tertiary amine com-

♦

♦
♦

♦
♦

pounds that exist in solution either in charged (cationic)
or uncharged (nonionic) form, depending on the pKa of
the specific local anesthetic and the pH of the solution.
• The pKa of a compound describes the pH of the solution where half of the local anesthetic molecules exist in
charged and uncharged forms.
• In general, lowering the pH of a solution will increase
the number of cationic molecules of local anesthetic,
whereas increasing the pH will lower the number of
charged molecules.
• If the pH is raised sufficiently, the anesthetic will
precipitate out of solution, because the uncharged
molecule has a low aqueous solubility.
Local anesthetics are weak bases with pKas ranging from
7.5 to 9.0.3,4
• At a pH lower than the pKa of the local anesthetic, the
amount of molecules penetrating biologic membranes
depends greatly on the membrane surface charge.5
Local anesthetics interrupt the transmission of nerve
impulses by preventing the propagation of action potentials along the nerve cell membrane.
One potential mechanism of action is local anesthetic
binding to channel receptors on the inner portion of the
membrane.
• The sodium channel undergoes a conformational
change, which blocks the influx of sodium ions and prevents localized membrane depolarization and propagation of the action potential down the nerve.
Other potential mechanisms include obstruction of the
external opening of the sodium channel and intrachannel
blockade.
Local anesthetics not only block the inward sodium current, but also the outward potassium current through different potassium channels in peripheral nerves, dorsal root
ganglion cells, and in the dorsal horn.6-9
• In addition, although most studies have focused on the
impact of local anesthetics on sodium and potassium
channels, some studies have demonstrated an effect on
calcium currents.10,11
• Although the affinity of local anesthetics is lower for
potassium and calcium channels than it is for sodium
channels, block of potassium channels may contribute
to the effect of local anesthetics, because potassium currents are responsible for neuronal repolarization and
maintenance of the resting potential of the cell.

♦

♦

♦

♦

the octanol-water partition coefficient correlates with the
degree of sodium channel blockade, and therefore the relative anesthetic potency, indicating that the mechanism of
action on peripheral nerve channels is mediated through
lipophilic drug-channel interactions.6
Sodium channels can be grouped based on their sensitivity
to different toxins, such as tetrodotoxin (TTX).
• TTX is a toxin with high affinity for certain subgroups
of sodium channels, causing virtually complete and
selective blockage of that type of sodium channel.
• Although current evidence indicates that local anesthetics act primarily by stabilizing neuronal membrane via blockade of TTX-sensitive sodium channels, local anesthetics may also block TTX-resistant
sodium channels.12
• TTX-resistant sodium channels are found in the
soma of small dorsal root ganglion neurons and may
be upregulated after neuronal injury.
• In chronic pain states, blockade of TTX-resistant
sodium channels on injured A-delta and C fibers
may play an important role in the blockade of painful
nerve impulses.3,4,13-15
Local anesthetics block sensory and motor fibers to different degrees.
• The concentrations needed to reduce the amplitude of
TTX-resistant action potentials, compared to TTXsensitive action potentials, is lower for bupivacaine than
for lidocaine.
• This may explain why bupivacaine, at a given concentration, will block sensory fibers, but not motor
fibers, to the same extent as lidocaine.15
• Studies have shown that a concentration of lidocaine
necessary to block C fiber nociceptors is approximately
1.0 mM.
• On the other hand, 0.5 mM will block A-delta fiber
nociceptors and A-beta mechanoreceptors.16,17
During the early onset of regional anesthesia, impulse
transmission along the nerve is decreased.
• Lidocaine and bupivacaine both decrease the amplitude
of TTX-resistant action potentials in dorsal root ganglia small cells in rats.
• The time to peak action potential and duration of TTXresistant action potential are prolonged.18
The different structure of sodium channels, their distribution throughout the nervous system, and the affinity of different local anesthetics for the various channels influence
the extent of sensory and motor blockade and account for
the potential toxicity of local anesthetics.
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Mass Effect of Local Anesthetic
♦ The key to success for a nerve block is to deposit the local

♦

♦

♦

♦

anesthetic as close to the nerve as possible.
• Depending on the nerve block and where the local
anesthetic is injected, the anesthetic molecules need to
cross a number of structures to reach the binding site at
the sodium channel of the neuron.
With spinal anesthesia, the local anesthetic acts on nerve
rootlets, which are free-floating in the cerebrospinal fluid.
• The only structures to be penetrated by the local
anesthetic are the different layers of peri-, epi-, and
endoneurium.
• Thus, local anesthetic injected in close proximity to
neural tissue penetrates the neural layers quickly, and
the onset of blockade is rapid.
In peripheral nerve blocks the local anesthetic is deposited
in fat tissue, muscle, or potential spaces between different
anatomical structures.
• The local anesthetic must spread along these different
anatomical structures.
• Blockade is dependent on spread, which is a mass effect
and is proportional to the volume of anesthetic injected.
• To reach the nerve itself, anesthetic molecules must
penetrate by diffusion through multiple connective tissue layers, fat, perineurium, epineurium, and endoneurium to reach sodium channels that reside inside the cell
membrane of the axon.
The different techniques used to identify the proper injection site adjacent to a nerve influence the success rate, the
speed of onset, and the quality of the block.
• Indirect techniques, which rely solely on anatomic
landmarks to identify nerve location, without eliciting
paresthesias or using nerve stimulation, may place the
injected local anesthetic at a significant distance from
the target peripheral nerve.
• The same holds true for identifying the neurovascular bundle by feeling a “fascial click,” where the needle is presumed to penetrate the fascia surrounding
the neurovascular bundle.
• In clinical use some of these potential pitfalls are
overcome by a sufficiently large volume of local
anesthetic.
• However, larger volumes (and larger resultant doses
of drug) increase the risk of systemic side effects.
With the help of MRI and CT imaging, recent studies
have identified the actual distribution of local anesthetic
during the performance of different regional blocks.
• MRI-imaging, obtained after injection of 50 mL of
local anesthetic through an axillary catheter, showed an
average longitudinal spread of 92 mm and a large crosssectional spread after 30 minutes.19

• As was postulated in earlier publications, these imag-

ing studies do not support the concept of a tubular
brachial plexus sheath surrounding the neurovascular
bundle that contains the injected local anesthetic.
• Instead, the local anesthetic seems to spread along
anatomical structures over time, with a wide crosssectional distribution.20,21
• MRI imaging used to identify the distribution of local
anesthetic in 3-in-1 blocks showed similar results.
• The local anesthetic spreads laterally, caudally, and to
a small extent, medially, to the site of injection.
• This is consistent with anatomic cadaver studies,
which were not able to identify a sheath extending
from the lumbar plexus to the femoral nerve.
• These findings contradict previous teaching that
local anesthetics spread cephalad from the site of an
inguinal injection to reach the lumbar plexus.22,23
• With respect to these studies, the large volumes suggested for regional blocks, such as a 3-in-1 block or a
brachial plexus block, are not required to spread alongside the nerve and cover a large distance or even reach
the plexus, but rather they allow sufficient spread along
anatomical structures to reach more distant and less
accessible nerves from the injection site, with the minimal blocking concentration of the local anesthetic.24
• That same study showed that local anesthetic concentration, rather than dose, is the parameter for a
successful nerve block.
• With the same dose of lidocaine, a higher concentration but smaller volume resulted in a more intense
and longer-lasting block.24
♦ Local anesthetic injected into the tissue surrounding
the nerve will spread in all directions along anatomical
planes.
• The success of the block depends on the volume of local
anesthetic and concentration that bathes the nerve.
• The use of ultrasound to identify anatomical structures,
including large peripheral nerves, and the use of nerve
stimulation to pinpoint the exact location of a nerve and
assure close proximity of the injected local anesthetic
to the nerve, will ensure blocks of higher quality and
will also reduce potential toxic effects by reducing the
volume and the amount of local anesthetic needed.
• On the other hand, large volumes and higher concentrations used for a peripheral nerve block, as compared to spinal anesthesia, will prolong the time of
vascular uptake, redistribution, and metabolism of local
anesthetic.
• The same layers and tissue preventing a fast onset of
regional anesthesia are responsible for prolonging the
duration of the regional blockade.
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Onset of Neural Blockade

Duration and Quality of Neural Blockade

♦ There is a predictable variability in loss of different

♦ Sodium bicarbonate is often added to the local anesthetic

nerve functions, but in most cases the loss of sensation
and motor function overlaps.
• Usually, the first neural function to be lost is the
sensation of pain, followed by the loss of sensations
of cold, warmth, touch, pressure, and finally, motor
function.
• This phenomenon was noted in the early days of
regional anesthesia and named differential nerve
block.
• Initially, it was believed that the varying diameters
of nerve fibers were responsible for the differential block and that small fibers would be blocked
before larger ones.
♦ The onset of regional anesthesia and the loss of function is influenced by the proximity of the injection site
to the nerve, the intervening tissue between the injection site and the nerve, the volume, concentration, and
pharmacokinetic properties of local anesthetics, the pH
of the surrounding tissue, and the anatomic properties
and location of the individual nerve fibers within the
nerve bundle.
• The nerve fibers closer to the periphery will be
blocked earlier than will nerve fibers in the core of a
nerve bundle.
• The size of the nerve also plays a role; in theory small
diameter nerves are more easily blocked than are
large diameter nerves.
• The internodal distance, which is longer in larger
nerves, may also play an important role in the more
rapid blockade of sensory fibers rather than motor
fibers.
• Several sequential nodes of Ranvier must be
blocked in succession to achieve a solid block.
• The varying time of onset of regional blocks may also
be influenced by the encoding of neuronal impulses
by patterns. Sensory qualities are not transmitted by
single action potentials along a nerve, but as different
patterns.
♦ Small doses of local anesthetic change the frequency
and strength of a neuronal impulse before the impulse
is completely abolished.
• The encoding of different neuronal functions may
be more susceptive to lower concentrations of local
anesthetic in the early stage of a regional block.
• This would explain the differing time of loss of
neuronal function in nerves that are otherwise
anatomically identical.

solution by clinicians to increase the pH and decrease the
pain of injection of acidic local solutions.
• In theory, the addition of sodium bicarbonate will also
convert more local anesthetic molecules into the nonionic form, thereby increasing the rate of penetration of
local anesthetic through the different layers of tissue, thus
shortening the onset of anesthesia.
• However, the literature about the clinical effect of adding
sodium bicarbonate to local anesthetic is controversial.
♦ Due to the poor water solubility of local anesthetic, the pH of
the solution can be increased with sodium bicarbonate only
to a small degree without causing precipitation of the drug.
• While some studies showed a more rapid onset and a better quality of epidural anesthesia with the addition of 2 mL
sodium bicarbonate as compared to epidural anesthesia with
plain 2% lidocaine without Epinephrine,25 other studies
showed no difference in onset time but postulated a more
dense block with the addition of sodium bicarbonate.26
• In a rat model of a sciatic nerve block the addition of
sodium bicarbonate to 1% lidocaine without Epinephrine
decreased the degree and duration of the regional block,
but did not affect the time of onset.
• In the same study the addition of sodium bicarbonate
to lidocaine 1% with Epinephrine did shorten the onset
time without affecting degree and duration.27
• The above notwithstanding, the pain associated with
lidocaine injection, particularly into the dermis and
deeper tissues (prior to insertion of a larger needle for
interventional pain procedures), is clinically significantly less with buffered lidocaine.
• Unfortunately, bupivacaine precipitates out of solution
with a slight increase in pH.
♦ The offset of regional anesthesia is caused by the systemic
uptake of local anesthetics and a decreasing concentration at
the nerve membrane.
• Lipophilic local anesthetics, such as bupivacaine, will
remain in the tissue surrounding the nerve for a longer
time than will a less lipophilic agent such as lidocaine.
♦ The addition of vasoconstrictors to the local anesthetic solution counteracts the vasodilating property of some local anesthetics and prolongs the duration of blockade by delaying
vascular uptake of local anesthetic.
• The effect can prolong the block by as much as 50%,
depending on the particular local anesthetic and its vasodilating properties.
• For sciatic block in a rat study,28 the addition of Epinephrine (1:100,000) to 0.5% lidocaine increased the intensity
and duration of anesthesia as well as the percentage of animals with complete block.

Ch. 4

General Principles of Neural Blockade

Grabinsky, Boswell

Key Points
1. Local anesthetics cause reversible blockade of nerve impulse generation and propagation.
2. Blockade occurs by inhibition of sodium and potassium channel function, with additional effects on calcium
channel activity.
3. A peripheral nerve is covered with epineurium. The nerve is comprised of nerve fascicle bundles surrounded by
perineurium, whereas individual axons are invested with endoneurium.
4. Central neuraxial blockade occurs predominately at the dorsal root ganglia and nerve roots, not the spinal cord.
5. Most local anesthetics are tertiary amines that exist in charged and uncharged forms, depending on pH, and are
weak bases.
6. Local anesthetics are marketed as mildly acidic salts (e.g., of hydrochloric acid).
7. Acidic environments delay the onset of local anesthetic blockades.
8. Blockade is a function of anesthetic concentration and volume.
9. The mechanisms explaining the phenomenon of differential nerve blockade (loss of pain and temperature sensation before motor function) are complex.
10. Alkalinizing the anesthetic solution prior to use may reduce the pain with injection and reduce time to onset of
blockade with lidocaine.
11. The addition of Epinephrine may increase the duration of a blockade, counteract the vasodilating properties of
the local anesthetic, and slow vascular uptake.
12. The quality of the neural blockade is operator-dependent.
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Compounds capable of blocking nerve conduction in
excitable nervous tissue represent a diverse group of agents.
For certain agents, their nerve conduction blocking properties
are incidental to their primary pharmacologic and clinical utility, as with amitriptyline, ketamine, propranolol, and meperidine, while for other agents their membrane-stabilizing effect
is focused systemically to affect various organ systems, such as
the cardiovascular and central nervous system cortical activity. Those agents possessing local anesthetic activity, which is
directed towards blocking nerve conduction in the peripheral
and central neuroaxial nervous system and thus producing
anesthesia and analgesia, are clinically relevant as local anesthetics. Clinically, the local anesthetics are used to facilitate the
blockade of somatic, sensory, motor, and autonomic functions
and serve to provide surgical anesthesia and analgesia, as well
as diagnostic and therapeutic interventional pain functions.
These local anesthetics share a characteristic functional structure and a common mechanism of action in producing a membrane stabilizing effect and anesthesia and analgesia activity.
These agents are versatile in their applications, whether used
for topical, local infiltrative, systemic neuropathic, regional,
peripheral nerve, or central neuroaxial procedures. Variations in
their individual physiochemical properties generate divergent
clinical characteristics governed by pharmacokinetic, pharmacodynamic, and stereospecific parameters.

ited its clinical application as a local anesthetic and fostered
the development of synthetic drugs with less toxicity.1
• The first of such agents was procaine, an ester local
anesthetic, developed in 1905.
• The first of the amide agents, lidocaine, was introduced
in 1947.
• The clinical introduction of ropivacaine, a single isomeric preparation, in 1996, ushered in the era of local
anesthetic chirality. The S-isomer of the racemic local
anesthetic mixture has a similar efficacy, but less of a
toxic side effect profile than the racemate.
• This was followed by the introduction of a purified Sisomer commercial preparation of bupivacaine, levobupivacaine, in 1999.

Mechanism of Action
♦ Local anesthetics act to block nerve conduction. The basis for

this mechanism of action involves the direct interaction of the
local anesthetic molecule with the sodium channel receptor.2-6
• Blocking the inward movement of the sodium current.
• Slowing depolarization of the nerve such that the
threshold is not reached.
• Thus, inhibiting propagation of the action potential.
• Depolarization and thus impulse generation and propagation are “all or none” phenomena.
• Blockade is accomplished without altering the threshold or resting membrane potential.
• This mechanism constitutes the Modulated Receptor
Theory for local anesthetic action.
♦ Specifically, the ionized form of the local anesthetic reversibly binds with the receptor site on the intracellular side of
the sodium channel, the H gate of the D4-S6 portion of
the alpha-subunit on the voltage-gated sodium channel.3,4
♦ Local anesthetic affinity for the sodium channel changes
as the channel state undergoes various conformational

Historical Perspective
♦ The Viennese ophthalmologist, Carl Koller, is most often

given credit for first using a local anesthetic, cocaine, topically for corneal surgery in 1884.
• However, the discovery of cocaine and experimental
studies and documentation of its local anesthetic effects
took place even earlier by investigators indigenous to its
roots of origin in South America.
♦ Toxicity and addiction issues associated with cocaine lim43
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changes during the phase of the action potential, nerve
depolarization, and membrane potential changes.4-6
• At a resting membrane potential, the channel exists in a
rested-closed conformation.
• During membrane depolarization, sodium channels are
activated to an open conformation.
• Following depolarization, channels convert to an inactivated-closed state during repolarization and then
resume a rested-closed conformational state.
• Local anesthetics have a selective affinity for binding
to sodium channels in the inactivated-closed state, thus
stabilizing channels in this configuration, which is not
permeable to sodium ions.
• Local anesthetic molecules bind and dissociate from
receptors quickly such that sodium channels recover
from conduction blockade.
♦ The concept of frequency-dependent or use-dependent
blockade accounts for local anesthetic molecules gaining
access to receptors only when channels are in the activated-open state.3,5,6
• Thus, increasing the frequency of nerve stimulation or
the functional level of activity for a nerve fiber increases
the opportunity for sodium channels to exist in an activate-open state and enhances nerve susceptibility for
conduction blockade.
• In addition to the state-dependent differences in channel affinity for local anesthetics, affinity distinctions
exist between different local anesthetics, as well as the
stereoisomers of local anesthetics.
♦ Additional theories prevail concerning the mechanism of
action for the local anesthetics.4
• The Critical Volume Hypothesis suggests that the nonionized form of the local anesthetic penetrates the axonal membrane causing an expansion of the membrane
and distortion of the ion channel.
• The Surface Charge Theory implies that the partial
penetration of the axonal membrane by the nonionized
local anesthetic increases the transmembrane potential,
thus inhibiting depolarization.
• Other investigations indicate that conduction blockade
resulting from block of the sodium channel is potentially
augmented by the concurrent blockade of potassium and
calcium channels and G-protein-coupled receptors.
Structure-Activity Relations

♦ The molecular configuration conforming to the clinically
relevant local anesthetics consists of an unsaturated aromatic, benzene ring structure connected to a tertiary amine
group by an intermediate hydrocarbon chain comprising
either an ester or an amide linkage (Figs. 1 and 2).6-10
• The basic nature of these 3 structural chemical components will contribute to the agent’s inherent pharmacologic activity.

Fig. 1. Structure of the local anesthetic molecule.
• The lipophilic nature of the compound is attributed to

the benzene ring structure, the length of the interconnecting hydrocarbon chain, and the composition of the
alkyl substituents on both the aromatic ring and tertiary
amine groupings.
• A hydrophilic quality is ascribed to the compound by
the tertiary amine group itself.
• The particular linkage attached to the compound is relevant in determining the agent’s method of metabolic
degradation and potential for allergenicity.
• The linkage type also forms the basis for classifying the
local anesthetics as either aminoesters or aminoamides.
• Finally, the presence of a chiral, asymmetric carbon
atom within the molecular structure confers the activity
of stereoisomerism to the compound.
♦ A carbon atom linked to 4 different chemical groupings,
possesses chirality.3,11
• Chirality allows the molecule to exist in 2 forms, which
are mirror images of each other, called enantiomers or
stereoisomers.
• Enantiomers are differentiated on a physical basis by
the direction in which they deflect polarized light, as
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either S-(-)-levorotary or R-(+)-dextrorotary.

• The physiochemical properties between enantiomers

are indistinguishable.

• Pharmacologically, the 2 entities differ in their pharma-

codynamic and pharmacokinetic properties, as well as
their potential for toxicity.
• Most local anesthetics are available commercially
as racemic mixtures, a 50:50 combination of S- and
R- enantiomers.
• Exceptions to this rule include lidocaine, which is achiral, ropivacaine as the S-enantiomer, and levobupivacaine, also an S-enantiomer.
Physiochemical Properties

♦ Modifications made to the prototypical chemical structure

of local anesthetics will convey to the compound its specific
physiochemical properties of drug dissociation constant (pKa),
lipid solubility, and protein binding capacity (Table 1).3-5
♦ Chemically, local anesthetics are weak bases, poorly soluble
in water, but readily solubilized as acidic salts in solution
(pH 3-6). At physiologic pH, local anesthetics will exist in
ionized and nonionized portions.6-8
• The fractional proportion of each form will be determined by the inherent property of the agent’s pKa, a
constant defined quality and the ambient pH of the surrounding milieu, a variable measure.12
• The pKa is defined as the pH at which 50% of the local
anesthetic molecules exist in the ionized form and 50%
of the molecules are in the nonionized form.
• This relationship between the pKa of the drug and the
pH of the medium, and the resulting proportioning of
ionized to nonionized fractional forms is defined by the
Henderson-Hasselbach equation.

Fig. 2. Physiochemical properties of local anesthetics.

Table 1. Characteristic properties of local anesthetics.
Local
Anesthetic
Classification
Aminoesters

pKa

Nonionized
Lipid
at pH 7.4 (%) Solubilitya

Procaine

8.9

3

1.7

Tetracaine

8.4

Chloroprocaine
Aminoamides

9.1

5

Protein
Relative Onset Relative Duration Maximal Single Dose
Binding (%)
of Effect
of Action (minutes)
(mg/kg)
6

45-60

Rapid

30-45

8

7

9.0

221

N/A

10

76

Intermediate

60-180

1.5

Lidocaine

7.8

25

43.0

64

Rapid

60-120

3

Bupivacaine

8.1

15

346.0

95.5

Slow

240-480

2

15

346.0

93.4

Slow

240-480

Mepivacaine
Ropivacaine

Levobupivacaine

7.7
8.1
8.1

38
27

21

115.0

77
94

Partition coefficient with n-octanol/buffer at physiologic pH.

a

Slow

Rapid
Slow

90-180

240-480

5
3

2.5
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• The Henderson-Hasselback Equation

pH = pKa + log ([base]/[acid])
For local anesthetics: pH = pKa + log
([non-ionized]/[ionized])
• The clinical relevance of this relationship is illustrated by
the fact that local anesthetic action is initiated by penetration of the lipid neural membrane by the nonionized
form within relatively alkaline perineural tissues.
• Upon reaching the acidic axoplasm, the molecular equilibrium shifts to the ionized form, which binds to intracellular channel receptor to block nerve conduction.
• Generally, the closer the pKa of the drug is to physiologic pH (7.4), the more local anesthetic exists in the
nonionized form.
• Similarly, when the pH of the medium equals the pKa of
the drug, the ionized and nonionized portions will be equal.
♦ Lipid solubility is a primary determinant of local anesthetic
activity and parallels the intrinsic anesthetic potency. In general, lipophilicity, thus potency, increases accordingly with
the total number of carbon atoms within the molecule.
♦ Local anesthetic potency may be expressed in different
terms. Clinical, in vivo potencies often do not correlate
well with in vitro determinants.13
• The term Cm describes the minimum concentration of
local anesthetic needed to produce conduction block of
a nerve impulse.
• The Cm is uniquely intrinsic to each local anesthetic
agent, reflecting an indirect, in vitro measure of its
relative potency.
• Cm determinations are influenced by factors such as: tissue
pH; nerve fiber type, size, length, and diameter; degree of
nerve myelination; and, frequency of nerve stimulation.
• Potency comparisons between local anesthetic can be
performed clinically by determining the minimum local
anesthetic concentration (MLAC) required to provide
adequate pain control in 50% of patients using an upand-down sequential allocation technique.14
• MLAC determinations have been well established
for the epidural use of local anesthetics.
• The minimum effective anesthetic concentration
(MEAC) is defined as the median concentration of agent
required to produce a surgical anesthetic block within
20 minutes of administration in 50% of patients.15,16
• MEAC measures have been studied for spinal and
peripheral nerve block.
• MEAC for spinal anesthesia has been found to be
dose-dependent, thus complete anesthesia can be
achieved with smaller concentrations as the dose of
spinal local anesthetic is increased.
♦ It is the lipid soluble form of the nonionized fraction,
which diffuses across the neural membrane, hastening
the rate of onset of action. Regardless of lipid solubility,
however, drugs with a pKa closer to physiologic pH are
expected to have a more rapid onset.4,6

♦ Increasing the lipid solubility of a local anesthetic has its

limits, however, in terms of increasing penetration of the
neural membrane.
• Beyond this limit, sequestration of the lipid soluble
form within the lipid perineural tissues serves to slow
the rate of onset.
• This sequestration of local anesthetic into the perineural tissues creates a depot for the release of local anesthetic, thus prolonging the duration of action.
♦ The degree of protein binding capacity affects local anesthetic activity primarily in determining the duration of
action. It is only the unbound fraction of drug that is available for pharmacologic action. Hence, the fraction of local
anesthetic bound to plasma albumin, alpha-acid glycoproteins and perineural protein components serve as inactive
reserves, which are incrementally released via a mass equilibrium effect to prolong local anesthetic action.3,6
• Greater tissue sequestration results in less drug being
available for systemic absorption.
• Binding and dissociation of the local anesthetic and
sodium channel protein receptor molecular complex,
however, is rapid.
• It is affected more by nerve impulse activity and equilibrium mass effect than by the degree of protein binding.
• Protein binding can be altered by physiologic changes, such as pregnancy, chronic inflammation, uremia,
cancer, hypercapnia, and acidemia.
Pharmacokinetic Properties

♦ The physiochemical determinants of the local anesthetic

agents contribute significantly to the pharmacokinetic
processes and affect their pharmacologic activity. Local
anesthetics are systemically absorbed into the circulation
from their site of administration.4-6
• Local anesthetics are usually deposited in close proximity to their anatomic target tissue.
• The rate and extent of systemic absorption will depend
on the vascularity at the site of administration, as well
as the properties of lipid solubility, pKa dissociation, and
protein binding affinity.
• Highest peak plasma levels are achieved from local anesthetic injection into the intercostals and caudal regions
and to a lesser degree from the lumbar epidural, brachial
and sciatic nerve plexus, and peripheral femoral nerve.
• The presence of a vasoconstriction, physiologic or pharmacologic, as a result of epinephrine or phenylephrine
injection at the site of administration, will act to decrease
the vascular systemic absorption allowing for increased
neuronal uptake, enhanced quality of the block, prolonged duration, and decreased plasma levels.
• Addition of a vasoconstrictor agent to a local anesthetic has a more pronounced prolongating with the
shorter and intermediate-acting agents.
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• At clinically relevant concentrations, most local anes-

♦

♦

♦

♦

thetics possess an intrinsic vasodilator property, which
serves to enhance blood flow to the site of administration resulting in an increased vascular uptake and an
apparent decrease in potency and duration of action for
the local anesthetic.
• The noted exception to having this vasodilator quality is cocaine.
• Stereospecificity also contributes to the vasoactive properties of the local anesthetics with the L-enantiomers of
bupivacaine and ropivacaine possessing greater inherent
vasoconstriction than their respective R-enantiomers.
Once the local anesthetic is deposited in proximity to the
targeted tissue, the agent diffuses along tissue planes to
reach and penetrate into the perineural structures. The
extent of tissue distribution and penetration achieved will
largely depend upon the local anesthetics lipid solubility.
Hence, protein binding capacity and the vascularity of the
target tissue area will account for absorptive losses.
Systemic distribution of local anesthetic once absorbed
into the circulation will involve a rapid dispersion throughout all body tissues.3,4,6
• Local anesthetic will be distributed rapidly to the wellperfused organs within the vessel-rich group, including
the heart and central nervous system, the 2 primary
end-organs for local anesthetic toxicity.
• Relative tissue concentrations of local anesthetic
are dependent upon the agent’s partition coefficient
between tissue compartments, plasma protein binding,
as well as organ perfusion.
• Placental distribution and the extent of local anesthetic
transfer tends to be influenced by placental blood flow,
the structural type of agent, lipid solubility, plasma protein binding in the parturient, pKa of the drug, and pH
of the fetus.3
• The lungs generate a first pass effect through the pulmonary vasculature, which extracts a large fraction of local
anesthetic on a temporary basis. This extraction serves to
dampen the arterial plasma concentration effect.3
• In general, regional tissue concentrations of local anesthetic and thus the pharmacologic activity do not necessarily correlate with plasma concentration levels.
Following systemic absorption and distribution, local
anesthetics undergo elimination from the system. The
clearance process involved will largely be determined by
the nature of the agent’s chemical structure, in particular,
the type of linkage adjoining the aromatic ring and tertiary
amine groupings.3,4,6
The Aminoesters undergo a rapid plasma hydrolysis by
nonspecific cholinesterase enzymes.
• Metabolites are pharmacologically inactive and excreted
by the kidney.
• The para-aminobenzoic acid (PABA) derivative of ester
hydrolysis is allergenic.
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• For the Aminoesters of clinical relevance, the relative

rate of enzymatic degradation is as follows, with 2-chloroprocaine being the most rapid, procaine intermediate,
and tetracaine the slowest.
♦ Amino amide clearance is based on biotransformation processes involving the hepatic microsomal CYP450 mixedfunction oxidase system.3
• The rate of clearance is influenced by liver perfusion,
protein binding, hepatic extraction, metabolic processes,
and to a lesser extent, renal excretion.
• Hepatic extraction entails an extraction ratio of drug,
which varies according to the amount of free, unbound
drug in the plasma.
• The metabolic biotransformation processing of the Aminoamides involves Phase I hydroxylation, N-dealkylation,
and methylation. This is followed by Phase II amino acid
conjugation, which transforms the aminoamide into
more polar, water soluble compounds, less active or inactive, and subsequently excreted by the kidney.
• The relative rate of metabolic clearance for the Aminoamides is as follows with prilocaine and etidocaine
being the most rapid, lidocaine and mepivacaine intermediate, and bupivacaine and ropivacaine the slowest.
• In general, local anesthetics with greater clearance rate are
removed from the circulation faster such that plasma concentrations are lowered, providing a greater margin of safety.

Side Effects and Complications
♦ Complications resulting from the use of local anesthetics

can take the form of a systemic or local toxicity, adverse
effect, or an allergic hypersensitivity reaction.17-19
• Adverse reactions can result from the inadvertent intravascular or intrathecal injection of drug, rapid systemic
uptake of agent from a highly vascular site of injection,
or the administration of an excessive dose.20,21
• The magnitude of the adverse effect will depend on the
inherent toxicity potential of the agent, the dose given,
the rate administered, the site of administration, and the
physical and medical status of the patient.
• Techniques employed to minimize such adversities
include: frequent aspiration during injection; fractionated dosing; slow, incremental injections; administration
of a test dose containing epinephrine 5 mcg (1:200,000
concentration); administering a local anesthetic admixture containing a vasoconstrictor, usually epinephrine 5
micrograms/mL, to slow absorption and reduce peak
levels of agent; and, use of additives, such as opioids and
clonidine, which act synergistically with local anesthetics to reduce the amount of local anesthetic required for
effect.
• The practice of mixing local anesthetics to facilitate the
individual agent’s advantages for rapid onset and long
duration should be undertaken with the understanding
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that the individual local anesthetic toxicities are additive.

♦ Systemic toxicity reactions to local anesthetics primarily

♦

♦

♦

♦

involve the central nervous system (CNS) and the cardiovascular system (CVS). The CNS is more sensitive to local
anesthetic toxicity than the CVS. Local anesthetic potential for producing systemic toxicity closely parallels the
relative potency and potential for neural blockade. Agents
with lesser protein binding capacity and slower clearance
rates will have a greater potential for producing systemic
toxicity. Local anesthetics produce a dose-dependent spectrum of CNS and CVS signs and symptoms.20-24 Differential toxicity potentials exist between enantiomers of the
chiral local anesthetics with the S-isomers usually having
less potential for systemic toxicity.
Local anesthetics readily cross the blood brain barrier
and the CNS is highly perfused. The rate of local anesthetic administration and the speed in which peak plasma
levels are reached will determine any resulting degree of
toxicity.20,21
• The toxic to therapeutic ratio for CNS effects is similar
for most local anesthetics.
• The presence of hypoxia, hypercapnia, and acidosis will
serve to potentiate the toxic effects of local anesthetics.
• The seizure threshold is increased and the potential for
local anesthetic-induced CNS toxicity is reduced by the
administration of barbiturates, benzodiazepines, propofol, and inhalation anesthetics.
Signs and symptoms of CNS toxicity follow a dose-dependent sequence of events.
• Initially, symptoms are generally excitatory due to blockade
of inhibitory GABA receptor neurons in the cerebral cortex, allowing facilitatory neurons to function unopposed.
• A progressive spectrum of excitatory effects ensues
including lightheadedness, dizziness, tinnitus, diplopia,
perioral numbness, metallic taste, restlessness, muscle
twitching, tremors, and convulsion.
• Higher plasma levels lead to a progression of effects
with blockade of both inhibitory and facilitatory neurons resulting in generalized CNS depression with
unconsciousness, coma, respiratory arrest, and cardiovascular depression.
CVS toxicity tends to occur at higher plasma levels. It is
estimated that significant signs of CVS toxicity usually
occur at dose levels 3 times that which causes CNS toxicity. Local anesthetics act to depress myocardial automaticity, contractility, and conduction, as well as having a direct
vasodilatory effect on the peripheral vasculature.20,22,23
The more potent, more lipophilic local anesthetics, such
as etidocaine, bupivacaine, and ropivacaine have a greater
inherent cardiotoxicity, possessing an enhanced potential
for direct cardiac electrophysiologic toxicity.
• This primary electrophysiologic effect, a dose-dependent blockade of cardiac sodium channels, decreases the
rate of depolarization in the fast conducting Purkinje

fibers and ventricular muscle by reducing the availability of fast cardiac sodium channels.23
• Action potential duration and effective refractory period are similarly decreased.
• The more potent local anesthetics, such as bupivacaine,
possess a greater binding affinity for the resting and
inactivated sodium channels than does the intermediate
potency agent, lidocaine.
• Bupivacaine also dissociates from the receptor more
slowly during diastole such that the sodium channel
cannot completely recover and the bupivacaine block
then accumulates. This can result in a reentrant type of
cardiac dysrhythmia.22
• Direct peripheral vasodilating action and inhibitory
effects on sympathetic reflexes ultimately result in cardiovascular collapse.
♦ The management of local anesthetic-induced systemic
toxicity is focused on symptomatic treatment, the ABCs
of basic life support, airway, breathing, and circulation.
• The CNS stimulatory effect can be preempted by
administering a benzodiazepine to raise the seizure
threshold. Similarly, tremor or seizure activity can be
treated with benzodiazepines, barbiturates, or propofol.
• A primary emphasis is placed on maintaining an airway
with oxygenation and ventilation to prevent hypoxia,
hypercapnia, and acidosis, which will potentiate the
toxic effects of local anesthetics.
• While administering muscle relaxants, such as succinylcholine, will terminate the overt tonic-clonic motor seizure activity, the increased cerebral metabolic demands
of seizure activity will persist.6
• CNS seizure activity is best managed by administration of a benzodiazepine, barbiturate, or propofol.
• CVS toxicity can range from varying degrees of bradycardia and hypotension up to ventricular dysrhythmias
and cardiovascular collapse.
• Atropine and vasopressors, such as ephedrine, can be
administered to manage mild cardiovascular depression,
while more aggressive measures with cardioversion, epinephrine, vasopressin, and amiodarone will be needed
to treat dysrhythmias and cardiac arrest.
• Administration of a 20% lipid emulsion has been shown
to be effective in resuscitation of local anesthetic cardiac
toxicity.25,26
• Cardiac resuscitation efforts are notably more difficult
following cardiovascular collapse induced by the more
potent local anesthetics, such as bupivacaine.
♦ Local toxicity affecting nerve and muscle tissues can result
from a direct injection or exposure to high concentrations
of local anesthetic for a prolonged period.27,28
♦ In vitro and in vivo animal studies have demonstrated local
anesthetic-induced neural toxicity in central neuroaxial and
peripheral nerves. While most of the clinically relevant local
anesthetics can produce a concentration-dependent nerve
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fiber injury in high concentrations, clinically useful concentrations have been determined as safe for peripheral nerves.29-31
• Studies in animal models suggest that lidocaine and tetracaine may have more of a concentration-dependent
neurotoxic potential on the spinal cord than bupivacaine even in concentrations typically used clinically.
• In the past, chloroprocaine was associated with prolonged sensorimotor deficits following epidural and
intrathecal use.
• Investigations suggested that a combination of low
pH, sodium bisulfite preservative, large dosing, and
intrathecal administration contributed to the neurotoxic effects observed.
• Chloroprocaine itself, in concentrations higher than
usually used clinically, may have neurotoxicity.
• Despite this, manifestations of local anesthetic-induced
spinal toxicity have not been clinically prominent.32
♦ Transient neurologic symptoms (TNS) involving pain and
paresthesia in the low back and buttocks, as well as radicular pain in the lower extremities, have been demonstrated
following the intrathecal administration of most of the
clinically used local anesthetics.33
• Symptoms are usually apparent within 12 to 24 hours
postoperatively and may persist for up to a week.
• The highest incidence of TNS appears to be associated
with lidocaine in varying dilutions and the lithotomy
surgical position.
• The lowest incidence is noted in spinal anesthesia for
cesarean section.
• The underlying mechanism for TNS remains undetermined and there is little evidence to support a neurotoxic etiology.
• Neurotoxicity is rarely a clinical issue. Large-scale
surveys have reported an incidence of up to 0.02%
for persistent neurologic injury resulting from spinal
anesthesia.21
♦ Direct intramuscular injection of most local anesthetics
has the potential for causing local myotoxicity changes at
clinically relevant concentrations.6,34
• Skeletal muscle changes involve an inflammatory reaction resulting in localized areas of myonecrosis.
• Myonecrosis is worsened by the addition of a
vasoconstrictor.
• These reactive muscle changes occur more often with
the more potent local anesthetics, such as bupivacaine
and ropivacaine and to a lesser degree with lidocaine
and mepivacaine.
• The muscle damage is reversible by myoblast regeneration, usually within 3 to 4 weeks.13 Myotoxic complications are rarely of clinical significance.
♦ Allergic hypersensitivity reactions involving local anesthetics are uncommon, possibly accounting for less than 1% of
the adverse reactions reported. Local anesthetic molecules
are too small, less than 300 daltons, to be allergenic. How-
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ever, functioning as a hapten, local anesthetics could bind
to larger proteins and elicit an antigenic response.3,35-37
• Immunologic reactions to local anesthetics usually
involve a Type I, IgE mediated antibody response resulting in an anaphylactic reaction or a Type IV, delayed
cellular mediated immune response.6
• Amino ester agents have a higher incidence of allergictype reactions than the Aminoamides.
• This higher incidence is due to an intermediate metabolite derived from ester hydrolysis, PABA, which is a
known allergen.
• Because of this common PABA derivative, all amino
ester local anesthetics show cross reactivity with sulfonamides and preservative agents, such as methylparaben.
• Cross sensitivity exists between all the amino ester
agents, but not usually between the aminoesters and the
aminoamides.
• Allergic reactions to aminoamide agents are extremely
rare.
• Commercial aminoamide solutions may contain preservative, such as methylparaben, propylparaben, or
metabisulfite, which in themselves can provoke allergic
responses. The use of preservative-free local anesthetic
solution can avoid adverse effects associated with preservative agents.

Clinically Relevant Local Anesthetics
♦ Cocaine is a double ester derivative of benzoic acid, which

occurs naturally in the leaves of Erythroxylon coca. In
addition to its mechanism of action in the blockade of
sodium channels and nerve conduction, cocaine has an
indirect sympathomimetic action on inhibiting the presynaptic reuptake of norepinephrine, thereby increasing
synaptic catecholamine levels.8
• Unlike other local anesthetics, cocaine lacks the biphasic effect on vasomotor tone, thus possessing solely
vasoconstrictor activity.
• Cocaine is used clinically for topical anesthesia of
mucosal tissues.
• Absorption across mucosal membranes is slow.
• Cocaine undergoes hepatic ester hydrolysis and conjugation in addition to plasma esterase hydrolysis.
• Ester hydrolysis results in the metabolite ecgonine,
which has cerebral stimulant activity.
• The elimination half-life is 60 to 90 minutes.
♦ Procaine is a synthetic amino ester, a chemical derivative
of PABA. It has poor lipid solubility, low potency, minimal
protein binding (6%), and a relatively high pKa (8.9).3
• Onset of action is slow and the duration short, roughly
30 to 60 minutes.
• It is rapidly hydrolyzed by nonspecific plasma cholinesterases to diethyl-aminoethanol and PABA. This rapid
hydrolysis limits its potential for systemic toxicity.

50

Interventional Techniques in Chronic Non-Spinal Pain

• Procaine has limited clinical application for infiltration,

peripheral nerve, and neuroaxial blocks, in concentrations ranging from 0.25% for infiltration to 10% for
spinal anesthesia.
• The short duration of effects favors its diagnostic use
in differential spinal blockade.
• Use of procaine for topical anesthesia should be
avoided due to the sensitizing nature of PABA.
♦ The chloride halogenated derivative of procaine, 2-chloroprocaine, has greater lipid solubility and potency than
procaine because of its halogenation.
• It has a rapid onset of action and the halogenation also
accounts for faster ester hydrolysis with a short plasma
half-life of less than 30 seconds.4
• Like procaine, 2-chloroprocaine has a low potential for
systemic toxicity.
• Clinically, 2-chloroprocaine is used in concentrations of
1% for infiltration and 2% to 3% for peripheral nerve,
epidural, and spinal blocks.
• The preservative-free, 2-chloroprocaine solutions are
preferred for use to avoid the potential adverse effects
of the preservative ethylenediaminetetraacetic acid
(EDTA).
♦ Tetracaine is the butylaminobenzoic acid derivative of
procaine with greater lipid solubility, potency, and protein
binding (76%) than procaine.
• It has a moderate onset of effect, 3 to 5 minutes,
and a long duration of action, 2 to 3 hours, which
can be extended by at least 50% with the addition of
epinephrine.3
• Tetracaine has the slowest rate of ester hydrolysis of all
the aminoesters used clinically. This slower metabolic
rate increases its potential for systemic toxicity over the
other aminoesters.
• Tetracaine penetrates the skin rapidly and has good
quality topical anesthetic properties.
• While it is used for spinal anesthesia, tetracaine’s use
in peripheral nerve, epidural, and intravenous regional
anesthesia (IVRA) is limited because of its dose-related
potential for systemic toxicity.
♦ Lidocaine is a tertiary amine derivative of diethylaminoacetic acid with low lipid solubility, potency, and protein
binding (64%).3
• It has a rapid onset due to a relatively low pKa (7.9) and
an intermediate duration of action, roughly 90 minutes,
which can be extended by about 50% with the addition
of epinephrine.
• Lidocaine undergoes hepatic biotransformation by
microsomal enzymes, 90% by CYP1A2 and to a lesser
extent by CYP3A4, to pharmacologically-active metabolites monoethylglycinexylidide and glycinexylidide.5
• Its metabolism is dependent on hepatic clearance,
thus, factor decreasing hepatic blood flow will reduce
its metabolism.

• Lidocaine in concentrations ranging from 0.5% to 5% is

♦

♦

♦

♦

versatile in its usefulness in topical infiltration, peripheral nerve, epidural, spinal, and IVRA blocks.
• Intravenous lidocaine is also used as a class Ib antidysrhythmic agent.
Mepivacaine is structurally related to bupivacaine and ropivacaine as the methyl derivative of N-alkyl pipecoloxylidine. Mepivacaine physiochemically and pharmacokinetically resembles lidocaine with low lipid solubility, potency,
and protein binding (77%).3
• It has a rapid onset and an intermediate duration of
action, somewhat longer than lidocaine, owing to its
intrinsic vasoconstriction activity.
• Hepatic biotransformation by microsomal CYP450
enzymes is responsible for the metabolism and clearance of mepivacaine.
• Mepivacaine’s clinical uses parallel those of lidocaine.
Prilocaine is a secondary amide analogue of lidocaine with
low lipid solubility, potency, and protein binding (55%).
• It has a short latency, similar to lidocaine, but a longer
duration of action due to less intrinsic vasodilation.
• Pulmonary tissue uptake and hepatic metabolism
account for a rapid clearance of prilocaine (2.84L/min
compared to lidocaine, 0.95L/min), and a low potential
for systemic toxicity.
• A metabolite of prilocaine, ortho-toluidine is capable
of oxidizing hemoglobin to methemoglobin in a doserelated fashion, causing methemoglobinemia at high
doses, greater than 7 mg/kg.
• Prilocaine has been removed from the market in the
USA; however, it is present in a eutectic mixture containing an oil-water emulsion of 2.5% prilocaine and
2.5% lidocaine for topical anesthesia.
Bupivacaine is the butyl derivative of N-alkyl pipecoloxylidine and of the same homologous series as mepivacaine
and ropivacaine.5 Bupivacaine is highly lipid soluble and
potent.38
• It has a slow onset (pKa 8.2) and a long duration of
action with extensive protein binding (95%).
• It possesses an intrinsic property of differential sensorymotor blockade, whereby the capacity for motor block
diminishes at concentrations below 0.25% while sensory analgesia is maintained.
• Clinically, bupivacaine is used for infiltration, peripheral
nerve, epidural, and spinal blockade.
• Bupivacaine is commercially available as a racemic
mixture.
• The R-isomer has 3 times more affinity for the cardiac sodium channel receptor than the S-isomer.
• Bupivacaine is judged to have considerable potential
for systemic toxicity due to its potency, long duration
of action, and high affinity for cardiac sodium channel
receptors and consequent dysrhymogenic activity.
Ropivacaine is the S-enantiomer of the propyl derivative of
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N-alkyl pipecolxylidine and part of the homologous series,
which includes mepivacaine and bupivacaine.5 All of the
pipecoloxylidine derivatives possess an asymmetric carbon
atom, which confers the property of chirality or enantiomerism. Ropivacaine is marketed as a purified S-isomer.
• Ropivacaine has a lower lipid solubility and potency
compared to bupivacaine and intermediate between
mepivacaine and bupivacaine.
• Latency of onset and duration of action are comparable
between ropivacaine and bupivacaine, with both sharing
similar pKa and protein binding values.
• Ropivacaine is metabolized by hepatic microsomal
CYP1A2 mediated enzymes.
• Like bupivacaine, ropivacaine exhibits a differential
sensory/motor blockade with motor sparing at lower
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concentrations.

• Unlike most other local anesthetics, ropivacaine, as the

S-isomer, possesses an intrinsic vasoconstrictor activity.

• The systemic toxicity potential for ropivacaine is inter-

mediate between lidocaine and bupivacaine.

♦ Levobupivacaine is the S-enantiomer of the bupivacaine

racemic mixture. Levobupivacaine is shown to be roughly
13% less potent on a molar basis than the racemate.5
• Like the racemate, levobupivacaine is metabolized in
the liver by hepatic microsomal enzymes, primarily
CYP1A2 and CYP3A4.
• Physiochemical properties and local anesthetic efficacy
are similar between levobupivacaine and the racemate,
while the toxicity profile appears to be less with the
S-isomer.

Key Points
1. Physiochemical properties of local anesthetics are determined by the nature of the chemical substituents added to the
aromatic ring, intermediate carbon chain, and tertiary amine groupings.
2. Local anesthetics act by binding to the sodium channel receptor, preventing depolarization of the neural membrane, and
inhibiting propagation of the nerve impulse without altering the threshold or resting membrane potentials.
3. Local anesthetic blockade and systemic toxicity potencies correlate with the lipid solubility of the agent.
4. Regardless of lipid solubility, local anesthetics having a pKa closer to physiologic pH are expected to have a more rapid
onset of action.
5. Local anesthetic duration of action correlates with the protein binding affinity of the agent.
6. Aminoester local anesthetics are hydrolyzed by plasma cholinesterases, while aminoamides are metabolized by hepatic
microsomal enzymes.
7. Local anesthetic CNS and CVS systemic toxicity are dose-dependent and directly proportional to the potency of the
agent.
8. Cross-sensitivity exists between aminoester local anesthetics, reflecting a common metabolic derivative, PABA.
9. The presence of an asymmetric carbon atom within the local anesthetic molecule confers the property of chirality to
the compound, allowing the molecule to exist in 2 forms which are mirror images of each other, called enantiomers or
stereoisomers.
10. While the physiochemical properties between enantiomers are indistinguishable, pharmacologic actions will differ.
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Indications

Neurolysis involves the interruption of nociceptive signals
traveling from the periphery to the spinal cord. This can be
accomplished by mechanical (surgery), thermal (cryoneuroablation or radiofrequency), or chemical means.
Surgical transactions of nerves were used as early attempts,
but the formation of subsequent neuromas made that technique
less useful. In addition, the surgical exposure needed to identify
the offending nerve could cause more damage and pain. The
use of injectable agents to kill nerves traces its history to the
1860s when Luton1 began injecting irritating substances subcutaneously into painful areas. In 1903, Levy and Baudouin
described injections of alcohol percutaneously.2 Schloasser3
described treatment of tic douloureux with alcohol injection
in 1907.
In Huang’s article4, Doppler described the use of phenol
for neurolysis in 1926, using 7% phenol painted onto surgically
exposed femoral arteries to improve blood flow in peripheral
vascular disease. In the same year, Swetlow5 used 85% alcohol
in the upper thoracic ganglia to block sensory innervation of
the heart to treat severe angina.
In 1950, Mandl6 reported the use of phenol into animal cervical ganglia to obtain a “permanent” sympathectomy.
Glycerol as a neurolytic was discovered by accident in 1981 by
Häkanson.7 Hypertonic 50% glucose was used as a sclerosant
for varicose veins by Kausch in 1917.8 Hitchcock9 was the first
to describe the use of hypertonic saline to treat cancer related
facial pain.
Neurolysis is commonly performed to relieve refractory
cancer pain. The role of neurolysis has been expanded to the
treatment of patients with intractable, nonmalignant pain, but
because of its associated risks, it has been used infrequently.
Many different substances have been used as neurolytics;
unfortunately, the ideal substance has not been found, and each
agent has its own limitations.

♦ Neurolysis of nerves is indicated when diagnostic injections have provided good, but only temporary, relief.

♦ Diagnostic injections of local anesthetic are critical prior

to neurolysis, both to identify the painful structure and to
predict the effect of the neurolysis.
♦ Prior to neurolysis, the following conditions should be
met:
• The pain should be severe, and not managed by less
invasive means.
• The pain should be well localized, preferably to the distribution of a particular nerve.
• A precise, small volume diagnostic injection should
give good, but only temporary, relief without significant side effects.
•	Large volumes of local anesthetic can diffuse to affect
unwanted structures.
•	In general, small volumes of neurolytics are used to
decrease unwanted spread.
♦ Neuroma formation and abnormal nerve regrowth are
potential complications, and are less likely in patients with
terminal disease, since the patient would not be expected
to live long enough for nerve regeneration.
• Postneurolysis neuritis appears to be primarily related
to incomplete or imprecise medication delivery.
•	Roviaro et al10 injected 1 mL phenol directly onto the
intercostal nerves of 32 patients during open thoracotomy, and found no neuritis even 1 year later.
♦ Relative contraindications include:
• Active infection at the injection site
• Coagulopathy
• Nonresponsiveness to the diagnostic block
• Neuropathic pain.
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Clinical Applications
♦ Chemical neurolysis has been described for a multitude of

♦

♦

♦
♦
♦

conditions. Eisenberg et al11 reviewed the literature from
1966 to 1993 regarding neurolytic celiac plexus blocks,
including 24 studies, of which 2 were randomized controlled trials, 1 was prospective, and 21 were retrospective
uncontrolled trials.
• 63% of the patients had pancreatic cancer, and good to
excellent relief was noted in 89% of the patients in the
first 2 weeks, with partial to complete relief noted in
90% of the patients at 3 months and 70% to 90% of the
patients noting pain relief at the time of their death.
• 96% noted local pain, diarrhea (44%), and hypotension
(38%) after the injection, but these side effects were
usually transient.
Shulman et al12 described an open label comparison
between epidural 5% butamben and neurolytic celiac plexus with alcohol in 24 patients with metastatic pancreatic
cancer. Of the butamben patients, 85% noted relief compared to 55% of the celiac plexus blocks.
Haynsworth and Noe13 compared long-term blockade of the lumbar sympathetic chain by phenol and
radiofrequency.
• The phenol group had an 89% incidence of blockade
at 8 weeks, compared with 12% for the radiofrequency
group, but there was less postblock neuralgia in patients
treated with radiofrequency.
Patients with pelvic cancer were treated with hypogastric
10% phenol injections, and at 6 months 69% were still getting relief.14
In a study of 10 patients with postamputation neuromas,
a 5% phenol-glycerol solution gave relief for up to 22
months.15
Birch16 treated 10 patients with retrobulbar injections of
1.5 mL of 6.7% phenol for painful blind eyes, achieving
70% complete pain relief, which lasted from 4.5 to 48
months.

Pharmacology of Specific Agents
Alcohol

♦ Ethyl alcohol is commercially available in 1-mL or 50-mL

ampules.17
• A concentration of at least 35% to 50% is required for
chemical neurolysis.18
• It is hypobaric compared to CSF and produces a non-

selective destruction by dissolving cholesterol and phospholipids as well as precipitating lipoproteins, inducing Wallerian degeneration, while sparing the basal
lamina.19
• The liver rapidly oxidizes virtually all of the alcohol via
alcohol dehydrogenase. This can lead to disulfiram-like
reactions (flushing, sweating, vomiting, and marked
hypotension) in patients taking moxalactam, metronidazole, chloramphenicol, tolbutamide, chlorpropamide
and, of course, disulfiram (Antabuse).20
•	50 mL of 50% alcohol can increase blood alcohol
concentration by 0.02g/dL (about one-fifth the common legal limit for intoxication).
• It injects easily and diffuses rapidly from the injection
site, so that large volumes are often needed.
• It is very painful on injection (and therefore is often
preceded by an injection of local anesthetic), and has
a high incidence of neuritis when used on peripheral
nerves.
♦ Alcohol is used primarily in the intrathecal space, the
celiac plexus, the Gassarian ganglion, and the sympathetic
chain.
• Lower concentrations (less than 50%) may spare motor
function.21
• For subarachnoid neurolysis, the volume used is usually
0.3 to 1 mL, while 10 to 20 mL might be used for the
celiac plexus.22
♦ Alcohol, unlike phenol and glycerin, is readily soluble in
body fluids, thus spreading from the injection site.
• This property limits the clinician’s ability to contain the
injectate and the volume required to produce adequate
neurolysis and is considered a major disadvantage with
alcohol.
• Alcohol potentially may produce arterial vasospasm,
described as a basis for paraplegia following celiac plexus blockade with alcohol.
Phenol

♦ Phenol is used primarily in a 3% to 7% concentration in an

aqueous solution, or in a 6% to 12% solution in glycerol. It
is not available commercially but must be compounded.17
• It can be dissolved in contrast (Omnipaque), and is
hyperbaric compared to CSF.
• It diffuses poorly, especially when mixed with glycerin,
and is not usually very painful on injection. Because of
its viscosity, it requires a large bore needle for injection.
• When phenol is mixed with an aqueous solution, it is
much more neurotoxic.23
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♦ Phenol is metabolized by the liver, conjugated to glucuro-
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Anatomy

nides, and oxidized to carbon dioxide and water.24
• Phenol oxidizes and turns red when exposed to air and
light.
♦ It has local anesthetic properties.
• At concentrations less than 5%, phenol causes tissue
denaturation, but concentrations greater than 5% cause
protein coagulation and demylenation.22
• The basal membrane remains intact.
• Phenol tends to produce a less intense and shorter lasting block than alcohol.
•	5% phenol is equivalent to 40% alcohol.
♦ It can be used in the epidural or intrathecal space, the sympathetic chain, the celiac plexus, and peripheral nerves.
♦ There has been reported a potential for damage to vascular
structures, and there was a report of both alcohol and phenol in vitro damage to Dacron grafts.24

♦ Fig. 1 shows innervation of the entire body with illustra-

Glycerol

♦

♦

♦ Glycerol is a viscous solution, used in a 50%

concentration.
• Because it is very viscous, it is very difficult to inject
through small gauge needles.
• Phenol 7% dissolves the axons and Schwann cells inside
the basal lamina tubes, but pure glycerol breaks them
down into flakes.
• Phenol readily penetrates the perineurium, but glycerol
causes only subperineural damage.
♦ Sweet et al25 felt that glycerol affected primarily small
myelinated and unmyelinated nerves.
♦ Animal studies showed axonolysis, myelin swelling, and
lipid droplets in the cytoplasm in tissues exposed to
glycerol.26
• The nerve response to phenol versus glycerol was studied in rat sciatic nerves.27
• Axonal regeneration began within 2 weeks of the
injections. These effects are milder after perineural
injections compared to intraneural injections.
♦ It is used in the Gasserian ganglion and peripheral nerves,
causing selective destruction.
Glucose

♦ 25% glucose has an osmolality of 1,388 mOsm/L.28

• Solutions with an osmolality of greater than 1,000

mOsm/L have been shown to cause the myelin needs
lam ina to separate while causing destruction of the
small unmyelinated pain fibers.29

♦
♦

tions of dermatomes supplied by the dorsal roots of the
spinal cord.
• In the head and trunk, each segment is horizontally disposed except C1.
• The dermatomes of the limbs from the fifth cervical to the first thoracic nerve and from the third lumbar to the second sacral vertebra extend as a series of
bands from the midline of the trunk posteriorly into
the limbs.
The nerve bundle consists of axons surrounded by Schwann
cells (the repair cells), bound by a basal lamina and surrounded by a semipermeable membrane (the perineurium)
in sheaths that are several layers thick (Figs. 2,3).
• The peripheral nerve consists of fascicles held together
by the epineurium, an enveloping exteral connective
sheath (Fig. 2).
These sheaths are then surrounded by loose connective
tissue (the epineurium) that protects the nerve and contains the network of small blood vessels (the vaso nervorum), which supplies nutrients to the nerve bundles (Fig.
3).
The basal lamina surrounds the Schwann cells and the
nerve axon to provide a scaffold or pathway for regrowth if
the nerve is injured or interrupted.
Two major responses are seen after exposure of a nerve to
a neurolytic agent.
• Wallerian (axonal) degeneration.
• Within the first 24 hours, the distal axon fragments
and retracts.
• The myelin sheath is dissolved by lysosomal
enzymes.
• Debris is removed by macrophages.
• Regeneration begins about 7 days later.
• If the nerve structure is intact, nerve sprout grows
distally at a rate of 2-5 mm/day.
• Schwann cells proliferate, and axons become
re-myelinated.
• If there is scar tissue, the nerve fibers will spread
out in a random fashion or even curl up to form a
neuroma.
• Segmental demyelination.
• If the injury is primarily to the myelin sheath or the
Schwann cell, demyelination occurs with selective
destruction of that section of myelin sheath, creating
a segmented destruction.
• Re-myelination begins about 5 days after the injury
and is usually complete in a few weeks.
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Fig. 1. Illustrations of dermatomes supplied by the dorsal roots of the spinal cord. Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks, with permission from McGraw-Hill Companies and the New York School of Regional Anesthesia.

Fig. 2. Organization of the peripheral nerve.

Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks, with
permission from McGraw-Hill Companies and the New York School
of Regional Anesthesia.
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♦ Unintended spread of medication, as well as complications
♦
♦
♦
♦
♦
Fig. 3. Organization of the peripheral nerve.

♦

Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks,
with permission from McGraw-Hill Companies and the New York
School of Regional Anesthesia.

Side Effects and Complications
♦ Because injectable neurolytics are fluids, they have the
potential to spread past the region of desired effect.

♦

from the needle placement, represent the vast majority of
the complications seen with injectable neurolytics.
Because these medications are designed to destroy tissue,
it is not surprising that tissue sloughing and infarcts are
potential complications.
Clearing the needle prior to withdrawal may decrease the
risk of superficial tissue damage.
Local anesthetic injections prior to the injection of a neurolytic are necessary to confirm the diagnosis and to prepare the patient for the subsequent sensations.
Local pain at the injection site is to be expected but should
resolve after a few days; prolonged pain at the injection site
may represent partial neurolysis or neuritis.
Neuritis after neurolytic injection occurs in 2% to 28% of
cases.
Sympathetic blocks, especially celiac plexus blocks, can be
expected to cause hypotension.
• Celiac plexus blocks are also expected to cause increased
GI motility, leading to potential diarrhea.
• Neurolytic celiac plexus blocks have been associated
with paralysis, felt to be secondary to vascular damage
to the artery of Adamkiewicz.
Motor deficits can be expected when mixed nerves are
lesioned.

Key Points
1. Patients must be carefully selected utilizing precision diagnostic techniques.
2. There is no perfect injectable neurolytic agent.
3. The use of injectable neurolytics in patients with terminal disease has been well accepted, but the use of injectable
neurolytics in nonmalignant pain remains controversial.
4. Informed consent is critical when considering neurolysis, and a thorough discussion should be held with the patient
and family regarding alternatives and potential complications.
5. The use of fluoroscopy is strongly encouraged for accurate placement of the needle.
6. Partial neurolysis may be associated with an exacerbation of pain.
7. Neurolysis can be performed on somatic, visceral, or sympathetic nerves.
8. Injectable neurolytics are fluids, and can be associated with unintended spread of medication, leading to potentially
devastating consequences.
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The use of radiofrequency lesioning in the treatment of pain
was initially described by Mullan1 using a direct current. Subsequently, the technique was modified by Rosomoff et al2 to use
radiofrequency current in the hopes that it would produce a more
predictable, circumscript lesion. A few years later, Sweet3 described
his technique for radiofrequency lesioning of the Gasserian ganglion in the treatment of intractable trigeminal neuralgia.
However, Egyptians were using heat to destroy tissue as
early as 3000 BC.4 In 400 BC Hippocrates described the use
of heat to treat shoulder dislocations.5 Direct current electricity
(DC current) was used experimentally in the 1870s to produce discrete tissue lesions as well as to power devices.6 In the
1920s, Cushing and Bovie7 introduced DC current into clinical practice as a means to produce surgical thermocoagulation
for hemostasis. In 1931, Kirschner6 introduced the coagulation
of the Gasserian ganglion in patients with trigeminal neuralgia. In the 1950s, Sweet and Mark8 adapted this technique to
generate neural lesions. Unfortunately, these generators produced unpredictable and irregular lesions that varied in size as
much as four fold. The first commercial generators, developed
by Aranow9 and Cosman10 were released in the 1950s and used
higher frequency, in the range of 300 – 500 KHz, to produce
more reliable lesions. Since high frequencies in this range were
also used in radiotransmitters, the term “radiofrequency lesioning” was coined.
In the 1980s, small-diameter electrodes, the SMK-system, a 22 SWG disposable cannula with a fine thermocouple
probe inside, were introduced.11 This provided less discomfort
during the procedure and also facilitated reaching many other
targets than only the facet joints without the risk of damaging
major nerves or causing deafferentation problems by making
large destructive lesions.12

While the controversy continued about radiofrequency
and its applications in managing chronic pain, pulsed radiofrequency was introduced as a method to apply radiofrequency at sufficient intensity without letting the tip temperature rise to neurodestructive levels what other mode of
action radiofrequency could possibly have.12

Indications
♦ Radiofrequency lesioning for non-spinal pain is indicated

for the denervation of small or unmyelinated nerves of the
dorsal root ganglion (DRG), periosteum, joints, discs, and
sympathetic system.
• The trigeminal nerve has also been the target of radiofrequency lesioning, using a technique of successive
lesions to decrease the risk of neuroma formation or
complete denervation.
• It is critical that small volume diagnostic injections
be used to confirm the site of pathology prior to any
denervation procedure.
♦ Heat radiofrequency lesioning is contraindicated for large,
myelinated nerves, since the coagulation of proteins can
lead to anesthesia dolorosa and neuroma formation.
• Pulsed radiofrequency lesioning, conversely, does not
apparently disrupt the myelin sheath, and therefore has
been used successfully on large nerves.
• Pulsed radiofrequency may be used for neuropathic
pain, peripheral nerve pain, and also possibly used to
treat painful trigger areas.
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Physics and Equipment
♦ Unlike DC generators, which used dielectric (electrostat-

ic) mechanisms to generate the lesions, modern radiofrequency generators use continuous high-frequency waves
of about 1 MHz, which create lesions by ionic means
(heating the tissues).
• At these higher frequencies, the lesion is more controllable, as is the probe temperature. The electrodes have a
low thermal coefficient, which allows for rapid heating.
♦ A thermocouple allows monitoring of tissue temperature,
and most modern generators have automatic temperature
controls to avoid overheating (which could lead to boiling
of tissues).
♦ Modern radiofrequency generators also include a built-in
stimulator as well as impedance (tissue resistance) monitoring so that the probe position can be confirmed and the
characteristics of the lesion predicted (Fig. 1).
• Placement of a probe on a nerve allows for precise

destruction of that tissue.

♦ A radiofrequency circuit consists of a generator, an active

electrode that delivers the current, a thermistor to measure
tissue temperature, and a passive or dispersing electrode
(which is usually a large grounding pad) (Fig. 1A).
♦ The generator is connected to a dispersing or passive electrode, which is placed on the patient, taking care to avoid
the spine or cardiac regions.
• This creates a closed circuit, allowing the electric field
at the active tip to excite rapid movement of the ions
in the field; the subsequent ionic friction heats the tissues around the tip, coagulating the tissues and then
dispersing the heat into the surrounding tissues (Fig.
1B).
• The tip does not generate heat but rather the electric
field heats the surrounding tissues, so that the tip itself
is heated by local tissue warming of the surrounding tissues (Fig. 1C).

A. Radiofrequency machine.

B. Radiofrequency circuit.
C. Radiofrequency tip.

Fig. 1. Radiofrequency equipment.
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• The current flows from the active tip to the grounding

pad; because of the large surface area of the pad, the
current density is low and therefore heating and tissue
damage is unlikely.
♦ There are now several types of radiofrequency generators
available.
• Ideal features of a generator include that the generator
must be able to stimulate at multiple frequencies, monitor impedance as well as voltage, amperage, and temperature, and allow for gradual increases in temperature.
• By using a constant output of high frequency electric
current, controllable tissue destruction occurs at the tip
of the cannula.
• Most newer generators also allow for a variety of wave
generations, including pulsed mode.
♦ The cannulas can be disposable or reusable.
• The disposable electrodes are usually recommended,
because the tips are always sharp or blunt as designed.
• On the other hand, the reusable cannulas have a relatively high fixed cost but, where sterilization is available,
there may be an advantage.
• Each cannula is available in a variety of lengths (usually
50, 100, and 150 mm), varying gauges (18 to 22g), insulated except for the active tip (2 and 5 mm are most common, but cannulas are also available in 15 to 20 mm tips),

Trescot, Hansen

and either sharp or blunt tipped, straight or curved.

♦ The size of the lesion, which is usually shaped as an invert-

ed cone, does not correlate well with the length of time of
the lesioning or the temperature.
• The lesion radius is maximal at the most proximal portion of the active tip, which means that the distal tip
might not even be incorporated into the lesion.
• A nerve in perpendicular contact with the probe may
only be partially lesioned. This has led to attempts to
place the probe tangentially to the nerve when possible
(Fig. 2A).
♦ The size of the lesion created is controlled by several
factors.
• Size of the electrode: The diameter of the lesion is
roughly related to the square of the radius of the electrode, and linearly related to the length of the active
tip. Smaller gauge probes with smaller active tips create smaller lesions than larger gauge probes with larger
active tips.
• Temperature of the tissues: Excessive heating can lead
to “run away” temperatures, which can result in boiling of the tissues, causing diffuse and unexpected tissue
damage. At the higher temperatures, tissue may “cook
on” to the probe, resulting in avulsion of the tissue as the
probe is removed.

B. Thermal equilibrium.
A. Radiofrequency probe positioning.

C. Tissue characteristics.

Fig. 2. Physics of radiofrequency lesioning.
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• Rate of thermal equilibrium: The more rapid the equi-

librium between tip and tissue, the more uniform the
lesion. The lesion increases in size exponentially initially, but becomes independent of time after about 30
seconds, and thermal equilibrium is usually complete
after 60 seconds (Fig. 2B).
• Tissue characteristics: Probes in contact with low resistance tissues such as CSF or bone may create irregularly
shaped or smaller-than-expected lesions. Blood may act
as a heat sink, drawing heat from the area and therefore
decreasing the size of the lesion (Fig. 2C).
♦ Temperatures above 45°C destroy nerve fibers.17
• Between 42° and 45°C, there is a potential reversibility
to the lesion (Fig. 3).
♦ Histologically, radiofrequency lesions appear as a local tissue burn, with a destruction of the nerve architecture and
a Wallerian degeneration.
• Because of the destruction of the perineurium when
large, myelinated nerves are lesioned, neuromas may
form as the nerve grows back.
• Lower temperatures may selectively lesion small, unmeylinated pain nerves. In general, the larger the lesion, the
larger the area of potentially reversible lesioning.
♦ The pain relief has been attributed to the thermocoagulation of the nerve fibers.
• Only transient sensory loss is often noted despite the
long-term pain relief. It has been suggested that at least
part of the pain relief comes from a neuromodulary
change in the pain processing cells of the dorsal root
ganglion.18,19

Fig. 3. Radiofrequency lesion zone.

♦ Pulsed radiofrequency utilizes brief episodes of high voltage,

high frequency (~300 kHz) electrical current to provide the
same amount of voltage without tissue heating to the degree
of tissue coagulation. There are 4 distinct phases in the clinical course following a pulsed radiofrequency procedure.
• The stunning phase, or Phase I. The majority of patients
are free of pain by the time the procedure has ended,
assuming of course that the procedure has been done
on the proper indication. Since pulsed radiofrequency is
a painless procedure, prior injection of local anesthetic
similar to a heat lesion is not required.
• Postoperative discomfort, or Phase II. This period lasts
approximately up to 3 weeks. This is similar to heat lesioning, however, the difference is that following a heat lesion,
there is a neuritis-like reaction in many patients, whereas,
that does not occur following pulsed radiofrequency.
• The beneficial clinical effect, or Phase III. Even though
no reliable data are available on the duration of the relief
with pulsed radiofrequency, it is believed that it provides as much relief as heat lesioning.13
• Recurrence of pain, or Phase IV. It was assumed with
heat lesioning that the regeneration of nervous tissue
was causing the pain. However, with pulsed radiofrequency, this is interpreted as the result of default of further exposure.12
• Heavner et al20 have shown that heat lesioning occurs
with pulsed radiofrequency around 60 volts.

Technique
Precise diagnosis is necessary for precise treatment, and
radiofrequency is a very precise treatment modality. Therefore, precise diagnostic injections must precede any attempt to
destroy tissue. Once the target has been identified, the appropriate probe (length, gauge, active tip) and appropriate temperature/time characteristics are chosen. It cannot be stressed
enough that minimal sedation (if any) is used so that the patient
can locate and describe the stimulation.
♦ The target is identified, usually by fluoroscopy, and the site
is prepped appropriately.
• After the skin is anesthetized subcutaneously, the
radiofrequency cannula is advanced to the target site,
either using fluoroscopy or anatomic landmarks (only
in peripheral locations), and then the radiofrequency
probe advanced through the cannula.
• Although peripheral sites may be lesioned safely without fluoroscopy, central and spinal lesioning should be
done with the most specific technique available, which
is usually fluoroscopy.
• After the probe is placed appropriately, sensory stimulation is used to “hone in” on the site, using first a higher
stimulation and then lower voltage down to 0.3 to 0.5
volts. Then motor stimulation up to twice the initial
sensory stimulation is used to confirm that the tip of
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the probe is not too close to motor nerves.

♦ There are several potential causes of inadequate lesioning.

• A poor electrical connection, because of cable damage

or poor needle insulation, may allow leakage of current,
decreasing the current available at the probe tip.
• If the passive or dispersing electrode is not well-placed,
there can be poor conductance of the current and possible local tissue burning.
• These problems would present as impedance variations, a measurement available on most modern
radiofrequency generators.
• Very high impedance (>2000 ohms) suggests an electrical disconnection.
• Very low impedance (<200 ohms) may result from a
short circuit in the system.
• If the temperature selected is too low, a smaller lesion
would likely result.
• Because of the precise nature of the lesion, inadequate results
will be obtained if meticulous localization is not used.
♦ For pulsed radiofrequency, there are multiple variations
from heat lesioning.
• The optimal duration of the procedures is not known.
At the present time, the pulsed radiofrequency is performed for 120 seconds.
• It is also not known about the optimal voltage.
• At the present time, it is recommended to apply the
highest voltage that is compatible with keeping the
tip temperature at nondestructive levels, around 45
volts.
• The optimal oscillating frequency of the radiofrequency
field is also not known.
• The pulsed radiofrequency is performed as follows:
• The generator should be set to the pulsed mode, at 2
x 20 ms/s.13
• Electrode should be positioned as close as possible to
the target structure.
• The impedance must be observed. If it is higher than
400 ohms for the 22 g SMK, C5 and C10 electrodes,
you may inject 1 mL of normal saline or 1 mL of
lidocaine through the cannula.
• The procedure should be performed to decrease the
impendence at 45 volts for 120 seconds.
• If during the procedure the tip temperature rises
above 43°C, the voltage must be decreased to 40 volts.
This is an exceptional situation that usually occurs
when the procedure is well underway.
• Heavner et al20 have shown that heat lesioning occurs
with pulsed radiofrequency around 60 volts.
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Clinical Applications
Specific techniques of radiofrequency neurotomy is
described in detail in other chapters. A brief discussion
of radiofrequency techniques of nonspinal techniques, not
described in individual chapters, is described here.
Temporalis Tendon

♦ Radiofrequency lesioning has been described for distal and

proximal temporalis tendon pathology, which will mimic a
“migraine” (with photophobia, phonophobia, and nausea,
with or without an aura), as well as TMJ pathology.
♦ Patients may complain of pain over or under the eye, in the
temple, or into the occiput. The cheek may feel swollen,
and the eye may feel “like it is going to pop out.” There
may be decreased jaw opening.
• If local anesthetic/steroid injections give only temporary relief, the radiofrequency probe is placed on the tip
of the coronoid process (Fig. 4A) or at the distal periosteal attachment (Fig. 4B), depending on the clinical
presentation.
Levator Scapulae

♦ Muscle that runs from the superior medial border of the
scapula to the transverse process of C4 (Fig. 5).

♦ Persistent levator spasm results in enesthopathy at distal
attachment.

Fig. 4. Radiofrequency of temporalis tendon.
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RF site

Fig. 6. Radiofrequency of medial and lateral epicondyle
attachments.
Fig. 5. Radiofrequency of levator scapulae.

♦ Refers pain to the acromion, subscapular region, and up

the neck.
• If local anesthetic/deposteroid gives only temporary
relief, radiofrequency may be appropriate treatment.
• Patient positioned seated or prone.
• 	W hen prone, scapula is more difficult to feel, especially if arms are abducted.
• Medial/superior border of scapula identified by palpation (seated) or fluoroscopically (prone).
• Local anesthetic is injected subcutaneously, with
minimal to no sedation.
• 100 mm, 22 g cannula with 5 mm active tip introduced to the target area.
• Radiofrequency probe is introduced through the
cannula.
• Concordant sensory stimulation is elicited, initially
50 Hz at 1.0V, then decreased to 0.3 to 0.5V should
be noted.
• No upper extremity fasciculations are noted 2Hz at
2.0V.
• 1 mL local anesthetic is injected for analgesia, making sure to allow enough time for action.
• Lesioning is carried out at 80° to 85°C for 60 seconds
and then repeated.
• 1 mL of local anesthetic with steroid or Sarapin is
injected to avoid postprocedure neuritis.

Medial and Lateral Epicondylitis of the Elbow

♦ Chronic muscle contraction creates an enesthopathy at the
attachment site.

♦ Refers pain to the shoulder or hand.

• If local anesthetic/deposteroid gives only temporary

relief, radiofrequency may be appropriate treatment.
• Patient positioned seated (with arm on fluoroscopy
table) or supine.
• Lateral (Fig. 6A) and medial (Fig. 6B) epicondyle
identified by palpation or fluoroscopy.
• Local anesthetic subcutaneously, with minimal to no
sedation.
• 100 mm 22 g cannula with 5 mm active tip introduced to the target area.
• Radiofrequency probe introduced through the
cannula.
• Concordant sensory stimulation, initially 50 Hz at
1.0V, then decreased to 0.3 to 0.5V should be noted.
• No upper extremity fasciculations noted 2 Hz at
2.0V.
• Watch carefully for radial (lateral) epicondyle or ulnar
(medial) epicondyle.
• One mL local anesthetic is injected for analgesia,
making sure to allow enough time for action.
• 80° to 85°C for 60 seconds, then repeat.
• One mL of local anesthetic with steroid or Sarapin is
injected to avoid postprocedure neuritis.
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A. Pain patterns of iliolumbar syndrome.

Fig. 7. Radiofrequency of interspinous ligament.
Interspinous Ligament

♦ Chronic tenderness and swelling at the tip of the spinous

process (cervical, thoracic, lumbar), often associated with
ligament laxity (Fig. 7).
♦ Often associated with flexion/extension injuries or lifting
injuries.
♦ Refers pain to head, shoulders, and upper extremities in
the cervical region; anterior or subscapular chest wall pain
in the thoracic area, or low back and lower extremities in
the lumbar region.
• If local anesthetic/deposteroid gives only temporary
relief, radiofrequency may be appropriate treatment.
• Patient positioned prone.
• Spinous process identified by fluoroscopy (Fig. 7).
• Local anesthetic subcutaneously, with minimal to no
sedation.
• 100 mm 22 g cannula with 5 mm active tip introduced to the target area.
• Radiofrequency probe introduced through the
cannula.
• Concordant sensory stimulation, initially 50 Hz at
1.0V, then decreased to 0.3 to 0.5V should be noted.
• No extremity fasciculations noted 2 Hz at 2.0V.
• 1 mL local anesthetic with steroid or Sarapin is
injected for analgesia, making sure to allow enough
time for action.
• 80° to 85°C for 60 seconds, then repeat.
• 1 mL of local anesthetic is injected to avoid postprocedure neuritis.

B. Radiofrequency lesioning of iliolumbar ligament.

Fig. 8. Iliolumbar syndrome and radiofrequency lesioning.
Iliolumbar

♦ Commonly seen in conjunction with SI pathology.

• Iliolumbar ligament attaches to the medial iliac crest

from the transverse process of L4 and L5.
• Patient complains of lateral hip pain (“pseudotrochanteric bursitis”) or groin pain (“my testicles are in
a vise”) (Fig. 8A).
• Tenderness to palpation at the medial iliac crest (may
be associated with a traction spur).
•		 Patient is positioned prone.
•		 Site identified by fluoroscopy, local anesthetic
subcutaneously.
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Caudal space
Needle
sites
Rectum
sacrococcygeal
tip of coccyx

Fig. 9. Radiofrequency lesioning of the sacrococcygeal ligament.
•		 100 cm 22 g cannula with a 5 mm active tip is

advanced to the periosteum (Fig. 8B).

•		 Radiofrequency probe introduced through the

cannula.

•		 Stimulation with 50 Hz up to 1V to localize then decrease

to 0.5V. No motor stimulation with 2 Hz at 2V.

•		 One mL local anesthetic with steroid or Sarapin is

injected for analgesia, making sure to allow enough
time for action.
•		 85°C for 60 seconds times 2.
•		 One mL of local anesthetic is injected to avoid
postprocedure neuritis.
Sacrococcygeal Ligament

♦ Patients complain of coccydynia.

• Tenderness to palpation at the tip of the coccyx.
• Patient is positioned prone.
• Site identified by fluoroscopy, local anesthetic sub•
•
•
•
•
•

cutaneously. Radiofrequency site may be at the tip of
the coccyx or at the sacrococcygeal ligament (Fig. 9).
100 cm 22 g cannula with a 5 mm active tip is
advanced to the periosteum.
Radiofrequency probe introduced through the
cannula.
Stimulation with 50 Hz up to 1V to localize then decrease
to 0.5V. No motor stimulation with 2 Hz at 2V.
One mL local anesthetic is injected for analgesia,
making sure to allow enough time for action.
85°C for 60 seconds times 2.
One mL of local anesthetic with steroid or Sarapin is
injected to avoid postprocedure neuritis.

Hip Capsule

♦ Patients with severe osteoarthritis of the hip, not a surgical
candidate.

♦ Kawaguchi et al19 described radiofrequency technique at
the hip.

Fig. 10. Hip joint innervation.
• Small femoral and obturator branches innervate the

joint (Fig. 10).
• Femoral branch at the anterolateral border of the
acetabulum for groin and trochanteric pain.
• Obturator branch at the inferior junction of the pubis
and the ischium for groin and thigh pain.
•		 Patient is positioned supine.
•		 Femoral artery palpated, site identified by fluoroscopy, local anesthetic subcutaneously.
•		 100 cm 22 g cannula with a 5 mm active tip is
advanced to periosteum.
•		 Radiofrequency probe introduced through the
cannula.
•		 Stimulation with 50 Hz up to 1V to localize then
decrease to 0.5V. No motor stimulation with 2 Hz
at 2V.
•		 One mL local anesthetic is injected for analgesia,
making sure to allow enough time for action.
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Fig. 11. Radiofrequency lesioning of medial and lateral
collateral ligaments of the knee.
•		 75° to 80°C for 90 seconds.
•		 One mL of local anesthetic with steroid or Sarapin

is injected to avoid postprocedure neuritis.

Medial and Lateral Collateral Ligament of the Knee and
Ankle

♦ Ligamentous tears at the proximal and/or distal ligament
attachments (Fig. 11).

♦ If local anesthetic/deposteroid gives only temporary relief,
radiofrequency may be appropriate treatment.
• Local anesthetic subcutaneously, with minimal to no
sedation.
• Site identified by palpation or fluoroscopy.
• 100 mm, 22 g cannula with 5 mm active tip introduced
to the target area.
• Radiofrequency probe introduced through the cannula.
• Concordant sensory stimulation, initially 50 Hz at 1.0V,
then decreased to 0.3 to 0.5V should be noted.
• No muscle fasciculations noted 2 Hz at 2.0V.
• One mL local anesthetic is injected for analgesia, making sure to allow enough time for action.
• 85°C for 60 seconds, then repeat.
• One mL of local anesthetic with steroid or Sarapin is
injected to avoid postprocedure neuritis.

Plantar Fascitis

♦ Patients complain of heel pain.

• Tenderness to palpation at midline anterior calcaneal

(may have traction spur – “heel spur”) (Fig. 12).
• Patient is positioned prone.
• Site identified by fluoroscopy, local anesthetic
subcutaneously.
• 100 cm 22 g cannula with a 5 mm active tip is
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Fig. 12. Radiofrequency lesioning of the plantar fascia.
advanced to the periosteum.

• Radiofrequency probe introduced through the

cannula.

• Stimulation with 50 Hz up to 1V to localize then

decrease to 0.5V. No motor stimulation with 2 Hz at
2V.
• One mL local anesthetic with steroid or Sarapin is
injected for analgesia, making sure to allow enough
time for action.
• 85°C for 60 seconds times 2.
• One mL of local anesthetic is injected to avoid postprocedure neuritis.

Side Effects and Complications
♦ Although a more controlled and therefore potentially

safer technique of neurolysis than alcohol or phenol, the
technique of radiofrequency denervation and neurolysis demands a careful patient selection and meticulous
technique.
• The most common complications of radiofrequency
include those related to the placement of the needle,
and those related to neurolysis.
• The majority of problems are short-lived and selflimited and include local swelling and pain at the site
of the needle insertion, as well as somatic pain from
the site of insertion.
• Other general complications may include, based on the
location of the needle placement: pneumothorax, dural
puncture, spinal cord trauma, subdural injection, neural
trauma, placement of the needle into the intervertebral
foramen, and hematoma formation; infectious complications including abscess and bacterial meningitis; and
side effects related to the administration of local anesthetic and/or steroids and other drugs.
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• Minor complications include light-headedness, flush-

ing, sweating, nausea, hypotension, syncope, and nonpostural headaches.
• Other reported complications of radiofrequency thermoneurolysis include a worsening of the usual pain, burning or dysesthesias, decreased sensation and allodynia in
the paravertebral skin or the facets denervated, transient
pain, and inadvertent lesioning of the spinal nerve or ventral ramus resulting in motor deficits, sensory loss, and
possible deafferentation pain. These complications have
been described in each individual chapter.

• A spinal cord lesion can lead to paraplegia, loss of motor pro-

prioception and sensory function, bowel and bladder function, Brown-Sequard syndrome, and spinal cord infarction.
♦ The advantages of pulsed radiofrequency are that it is a
nondestructive method resulting in free accessibility when
RF heat lesions are contraindicated.
• In addition, pulsed radiofrequency is painless, hence,
avoiding multiple side effects. However, the AMA has
deemed the technique “on-neurolytic;” therefore, the
neurolytic CPT codes cannot be used.

Key Points
1. Radiofrequency lesioning provides precise, controllable neurolysis.
2. Small volume diagnostic injections are the key to accurate prediction of the radiofrequency response.
3. Radiofrequency can be used to treat pain literally from the head to the toes.
4. Other than the trigeminal nerve, radiofrequency is best suited to neurolysis of small, unmyelinated nerves such as facets,
sympathetic ganglia, or periosteal attachments.
5. Although pulsed radiofrequency is available as a technique, its current usefulness is limited.
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Cryoneurolysis
Andrea M. Trescot, MD

Cryoanalgesia, cryoneuroablation, or cryoneurolysis, is a specialized technique for providing long-term pain relief when pain
has been shown to be caused by sensory nerves.1
Man has known the use of cold for analgesia for thousands of
years. Hippocrates (460-377 BC) left us the first written records
of the use of ice for pain relief, describing how snow was brought
down from the mountains in ancient Greece and applied to wounds
for pain relief (Fig. 1).2 The ancient Egyptians documented the use
of low temperature for analgesia.3 Medieval physicians such as Abu
Ali al-Husain ibn Abdullah ibn Sina (also known as Avicenna of
Persia) (980-1037 AD) used ice as a means of providing analgesia
Fig. 1. Hippocrates.
prior to surgery (Fig. 2).4 Baron Dominique Jean Larre5, Napoleon’s
Surgeon General, noted in 1812 that half-frozen soldiers in the
Moscow battle were able to tolerate limb amputation with little
or no pain. In addition, the English surgeon John Hunter6 noted
in 1777 that when rooster comb cells were killed by cold, the base
of the comb healed without scarring. In 1851, Arnott7,8 reported
that the application of cold relieved certain types of cancer pain.
Richardson9 introduced ether spray in 1866 for topical
anesthesia, which was followed by ethyl chloride spray
in 1891. Thus “to freeze” became synonymous with “to
numb.” Trendelenberg10 demonstrated that freezing tissues caused severe nerve damage and loss of function
but noted that the nerves regenerated without neuroma
formation (Fig. 3).
Modern cryoanalgesia traces its roots to Cooper et
al11 who developed in 1962 a device that used liquid
nitrogen circulating through a hollow tube, insulated
except at the tip, to achieve a tip temperature of -196C.
Amoils12, an ophthalmic surgeon, developed a simpler
hand held device in 1967, which used high-pressure
carbon dioxide or nitrous oxide and could achieve temperatures of -70C. Lloyd and his coworkers13 coined
the term “cryoanalgesia” for its use in pain management. They proposed that this technique was superior
to other methods of peripheral nerve destruction, e.g.
alcohol, phenol, or surgical lesions, because it is not folFig. 3. Trendelenburg.
lowed by neuritis or neuralgia.
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Fig. 2. Avicenna.
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Indications

Clinical Applications

♦ Cryoneuroablation is indicated for the treatment of nerve

Craniofacial Pain

pain. The application of cold to tissues creates a conduction block, similar to the effect of local anesthetics.
♦ Common indications for cryoneuroablation are illustrated
in Table 1.
♦ Common contraindications for cryoneuroablation are
illustrated in Table 2.

Table 1. Common indications for cryoneuroablation.

♦ Chronic pain arising from primarily sensory nerves
♦ Duration of pain of at least several months
♦ Average pain levels of greater than 5 on a scale of 0 to 10

♦ Intermittent or continuous pain causing functional
disability

♦ Failure to respond to more conservative management,

including physical therapy modalities with exercise,
chiropractic management, drug therapy, and other less
invasive interventional techniques.

♦ No contraindications with understanding of consent, nature of the procedure, needle placement or
sedation.

♦ Contraindications or inability to undergo physical
therapy, chiropractic management or inability to tolerate nonsteroidal anti-inflammatory drugs

♦ Significant and definitive relief, however not long
lasting, with small volume local anesthetic diagnostic
injections with or without steroids

Table 2. Common contraindications for cryoneuroablation.

♦ Needle phobia

♦ Psychogenic pain

♦ Lack of response to diagnostic blocks

♦ Inability of the patient to understand consent, nature of
the procedure, needle placement or sedation

♦ Infection

♦ Anticoagulant therapy

♦ Nonaspirin combination antiplatelet therapy
♦ Pregnancy

♦ Bleeding diathesis

Cryoneurolysis is applied for non-spinal pain in multiple
areas from head to toe. However, evidence has been scarce. Most
studies are observational reports in chronic pain management.
♦ Intractable face pain from a variety of causes may be treatable with cryoneuroablation.
• Bernard, Lloyd and Glynn14 reported on 21 patients
with intractable face pain, unresponsive to medical and
surgical management.
• They diagnosed pain secondary to entrapments of
several nerves, including the supraorbital, infraorbital,
mental, and lingular nerves. All the nerves were treated
with open (or exposed) cryoneuroablation.
• Barnard et al15 reported on 54 patients with chronic
facial pain. Patients were selected for cryoneuroablation
after they had a temporary response to local anesthetic
injections.
• The mean duration of sensory loss was 60 (5-117) days.
The success of the blockade appeared to be an “all or
nothing” effect, i.e., the patients with only with 5 day
duration of pain relief reflected the failure to adequately freeze the nerve. They emphasized the difference
between nerve “killing” and simple nerve “cooling.”
• Diagnoses included non-herpetic neuralgia, tic douloureux, post surgical neuralgia, atypical facial neuralgia, and post herpetic neuralgia.
• Thirty to 40% of the patients other than the PHN
patients had relief for more than 6 months.
• No PHN patients had relief for greater than 1 year;
however the other groups had more than a year’s
relief in 17-20% of the cases.
• Nally et al16 looked at 112 patients with paroxysmal trigeminal neuralgia. Intraoral or periorbital dissections
of the peripheral branches of the trigeminal were performed. These included the supraorbital, supratrochlear,
infraorbital, mental, posterior and middle superior dental, greater palatine, lingular, and long buccal nerves.
• An average of 2.2 procedures per patient over a 5year period were reported.
• Nally17 also looked at 211 patients over a 22-year period and concluded that cryotherapy offered significant
long-term relief.
• In 1988, Zakrzewska and Nally18 initially reported a
six-year experience with cryoanalgesia in the treatment
of paroxysmal trigeminal neuralgia.
• In 1991, Zakrzewska19 further reviewed 475 trigeminal
neuralgia patients followed over a 10-year period.
• 145 of those patients underwent cryotherapy, 265
underwent radiofrequency thermocoagulation, and
65 underwent microvascular decompression.
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• Mean follow up was 45 months in each group. Mor-

bidity after cryotherapy was low, whereas radiofrequency thermocoagulation resulted in more prolonged sensory loss (88%), anesthesia dolorosa (8%),
and eye problems (15%).
• None of the cryoneuroablation patients developed
anesthesia dolorosa.
• Of the patients treated with RF, 75% continued to
have sensory loss.
• In the cryoablation patients, the area of sensory
loss was small but in the RF patients it sometimes
extended across all three divisions of the trigeminal
nerve, and 62% of these patients felt the sensory loss
affected their life.
Chest Wall Pain

♦ Nelson et al20 first described intraoperative intercostal cry-

oneurolysis in 1974.
• It is the experience with post-thoracotomy pain and
cryoneuroablation that leads to its use in other chronic
chest wall pains.
• The postoperative neuroma, costochondritis, post herpetic neuralgia, and rib fractures have all been treated
with cryoneuroablation.
• Two large series suggest improved pain relief and few
complications.
♦ Green et al21 studied the effectiveness of cryoanalgesia on
43 patients with post herpetic neuralgia or intercostal neuralgia. Fifty percent of the patients noted significant relief
of 3 months duration.
• No patients developed neuritis, and the pain relief outlasted the return of sensory function.
♦ Patients with chest wall pain of a variety of etiologies
noted pain relief from cryoanalgesia lasting one week to
12 months, with the post herpetic neuralgia patients uniformly noting a poorer response.22
Abdominal and Groin Pain

♦ Abdominal wall pain relief, when diagnostic blocks have

given excellent but only temporary relief, may be provided
by cryoneuroablation.
• Racz and Hagstrom23 studied 15 patients with chronic
abdominal pain undergoing cryoneuroablation of the
ilioinguinal, and iliohypogastric nerves.
• Seven of the 15 (47%) noted good to excellent relief.
Three of the 7 had permanent relief, while the other
4 had relief lasting between 4 and 30 months.
♦ Raj24 described the use of cryoneuroablation of the ilioinguinal nerve to treat the abdominal pain of late pregnancy
that results in severe traction on the ilioinguinal, especially
if the nerve is tethered by scar tissue from prior surgery.
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♦ Glynn and Carrie25 reported on the use of cryoanalgesia

to treat pelvic pain at the symphysis pubis during pregnancy (most likely treating the genitofemoral nerve at that
level).
♦ Evans et al26 performed cryoneurolysis of the lower three
sacral nerve roots in 40 patients with intractable perineal pain; 78% of the patients received at least 30 days of
relief.
♦ Loev et al27 described a novel cryolesion approach to the
ganglion impar in a patient with rectal pain, noting more
than six months of relief.
♦ Jain et al28 described a case report of a 38-year-old multiparous woman complaining of severe sacrococcygeal pain
of 6 years’ duration who noted excellent relief after cryoneuroablation at the coccygeal region.
Low Back Pain

♦ A syndrome of “painful iliac crest donor site” in a patient

who had undergone iliac crest bone harvesting for a lumbar fusion was described.29
• This patient experienced one year of complete relief
after cryoneuroablation of the region of the iliac crest.
• Although this was not identified as the cluneal nerve,
the clinical description appears to be consistent with
a cluneal nerve pathology.
♦ Long-term (in excess of 5 years) relief has been obtained
with open cryoneurolysis of cluneal nerves injures during
bone graft harvesting.
• Noback30 in 1999 presented a technique of exposure of
the graft site by re-opening the surgical incision with
dissection to the iliac crest. Cluneal neuromata are often
found where the chiseled nerve has retracted to the
upper anterior (abdominal) portion of the graft site.
• After exposure and stimulation during the procedure
performed with local anesthetic, the severed nerve
is cryoablated just proximal to its severed end with
the 2 mm probe according to previously described
techniques.
♦ Kim and Ferrante31 reported cryoneuroablation of the
obturator nerve for the treatment of adductor spasticity
and obturator neuropathy.
Extremity Pain

♦ Cryoneurolysis of an intermetatarsal space neuroma has
been reported to provide at least six months of relief.32

♦ Milleret34 described the use of cryoanalgesia in elderly
patients with distal arteritis.

♦ Wang33 performed percutaneous cryoneurolysis on various
peripheral nerves (ulnar, median, sural, occipital, palmar
branch of the median, and digital) in 12 patients with 6
patients reporting relief of one to 12 months’ duration.
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Anatomy
♦ Fig. 4 shows innervation of the entire body with illustra-

tions of dermatomes supplied by the dorsal roots of the
spinal cord.
♦ The nerve bundle consists of axons surrounded by Schwann
cells (the repair cells), bound by a basal lamina and surrounded by a semipermeable membrane (the perineurium)
in sheaths that are several layers thick (Figs. 5 and 6).
♦ These sheaths are then surrounded by loose connective tissue (the epineurium) that protects the nerve and contains
the network of small blood vessels (the vaso nervorum),
which supplies nutrients to the nerve bundles.

♦ The basal lamina surrounds the Schwann cells and the

nerve axon to provide a scaffold or pathway for regrowth if
the nerve is injured or interrupted.
♦ Two major responses are seen after exposure of a nerve to
a neurolytic agent.
• Wallerian (axonal) degeneration
• Within the first 24 hours, the distal axon fragments
and retracts.
• The myelin sheath is dissolved by lysosomal enzymes.
• Debris is removed by macrophages.
• Regeneration begins about 7 days later.
• If the nerve structure is intact, nerve sprout grows
distally at a rate of 2-5 mm/day

Fig. 4. Illustrations of dermatomes supplied by the dorsal roots of the spinal cord. Reproduced from Hadzic A, Vloka JD. Peripheral Nerve Blocks, with permission from McGraw-Hill Companies and the New York School of Regional Anesthesia.
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Fig. 5. Organization of the peripheral nerve.

Reproduced from Hadzic A, Vloka JD. Peripheral Nerve Blocks,
with permission from McGraw-Hill Companies and the New
York School of Regional Anesthesia.

• Schwann cells proliferate and axons become
re-myelinated.
• If there is scar tissue, the nerve fibers will spread out in
a random fashion or even curl up to form a neuroma.
• Segmental demyelination.
• If the injury is primarily to the myelin sheath or the
Schwann cell, demyelination occurs with selective
destruction of that section of myelin sheath, creating
a segmented destruction.
• Re-myelination begins about 5 days after the
injury and is usually complete in a few weeks.

Physics and Equipment
♦ The cryoprobe consists of a hollow tube with a smaller

inner tube. Pressurized gas (usually N2O or CO2) at 600
to 800 psi travels down the inner tube and is released into
the larger outer tube (which is at a low pressure of 10-15
psi) through a very fine aperture (0.002 mm) which allows
the gas to rapidly expand into the distal tip (Fig. 7).
• The heat is extracted from the tip of the probe resulting
in temperatures as cold as –89°C at the tip itself ( JouleThompson effect), forming an ice ball, with temperatures in the in the range of –70°C.35
• The gas is then vented back to the machine itself
through the outer tube, and is scavenged through a
ventilated outlet.
♦ The “closed system” construction of the probe and machine
assures that no gas escapes into the patient’s tissues.
• The 2.0 mm probe forms a 5.5 mm ice ball while the
1.4 mm probe forms a 3.5 mm ice ball.

Fig. 6. Schematic of a neuron.

Reproduced from Hadzic A, Vloka JD. Peripheral Nerve Blocks,
with permission from McGraw-Hill Companies and the New
York School of Regional Anesthesia.

♦ Precise gas flows are necessary for safe and effective cryo-

neuroablation. Inadequate gas flows will not produce an
ice ball while excessive flows can cause freezing proximally
up the probe which may increase the risk of skin burns.
• The probe includes a nerve stimulator, with sensory and
motor capabilities, which allow precise localization of
the target nerve.
• The application of cold to tissues creates a conduction
block, similar to the effect of local anesthetics.
• At 10°C, larger myelinated fibers stop conducting, but
all nerve fibers stop conducting at -20°C.
• The extent and duration of the effect is therefore a
function of the degree of cold obtained and the length
of time of exposure.36
♦ Current probes range in size from 1.4 to 2 millimeters in
size.
• Most have a built-in nerve stimulator for localization of the
nerve and a thermistor to identify temperature at the tip.
• The nerve stimulator allows a frequency choice for sensory (100 Hz) or motor (2 Hz) responses.

74

Interventional Techniques in Chronic Non-Spinal Pain

• Second degree (axonotmesis) is an injury with loss of

Fig. 7. Cryoprobe tip.

Reproduced from Trescot, AM. Cryoanalgesia in interventional
pain management. Pain Physician 2003; 6:345-360.

Mechanism of Cryoneurolysis
♦ Long-term pain relief from nerve freezing occurs because

ice crystals create vascular damage to the vasa nervorum
which produces severe endoneural edema.
• Endoneural fluid pressure increases about 20 mm within 90 minutes of the cryolesioning.
• Changes in the elastic properties of the perineurium
cause a decrease in extracellular fluid pressure within
24 hours, which increases again and then reaches a
plateau about 6 days post-lesion.
• This disrupts the nerve structure, and creates Wallerian degeneration but leaves the myelin sheath and
endoneurium intact.37
• The Schwann cell basal lamina is spared and ultimately provides the structure for regeneration. Although
demyelination and degeneration of the axon occurs,
Sir Sydney Sunderland38 in 1968 demonstrated that
when the endoneurium remains intact, neuroma formation does not occur, and the nerve is typically able
to regenerate at a rate of 1 – 1.5 mm/week.
♦ Sunderland38 described 5 categories of nerve injury based
on histology and prognosis.
• First degree (neurapraxia) is an injury with minimal histologic changes with neurons failing to conduct impulses for several days to months.

axonal continuity without breaching the endoneurium.
This is the goal of cryoneuroablation, and occurs when a
short section of a peripheral nerve is frozen to –20°C.
• Third, fourth, and fifth degree (neurotmesis) are associated with neural and stromal destruction.
♦ Autoimmune phenomena are also implicated in the long-term
effects of cryoneuroablation, with a release of sequestered proteins that may trigger an auto-immune response to the targeted
lesioned tissues, which might explain the prolonged effect.39,40
♦ The extent of the freezing (and subsequent nerve damage)
is a function of:
• The proximity of the probe to the nerve.
• The size of the cryoprobe.
• The size of the ice ball formed.
• The completeness of the freezing (rate and duration).
• The temperature of the tissues in proximity to the
probe which is affected by local heat sinks (such as
CSF/blood flow).
♦ The intensity and duration of analgesia is dependent on
the degree of nerve damage from the ice ball.41
• As an example, exposure of the fingers or toes to winter
cold can lead to numbness (which is reversible) up to
frostbite (which may result in permanent changes).
• Repeat cycles decrease the temperature at sites further from
the probe, increasing the size of the ice ball formed and
increasing the length of nerve incorporated into the ice ball.
• The use of saline with epinephrine in proximity to the
intended nerve may decrease the “heat sink” of the nearby warm blood flow and at the same time potentially
decrease bruising from the placement of the probe which
would be expected to decrease post-procedure soreness.

Technique
♦ Depending on the anatomy and ease of locating landmarks,
cryoneuroablation can be done with or without fluoroscopy.
• A sterile prep and drape
• A small amount of local anesthetic is infiltrated
subcutaneously
• A 27-gauge, 11/2-inch needle is then advanced into the
subcutaneous tissues
• 1 mL of saline with freshly added epinephrine 1:200,000
is then infiltrated for hemostasis
• A small incision is made in the skin.
• An IV introducer (size 12- or 14-gauge depending on
the size of the probe) is then advanced to the target area.
• Small doses of additional local anesthetic can be injected through the introducer, as it is advanced, taking care
not to anesthetize the actual target area.
• The stylet is removed and the cryo probe is then
advanced through the catheter.
• The tip of the probe is exposed by withdrawing the
catheter into the subcutaneous tissues.
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• Sensory stimulation (100-Hz), first at 2 volts, and then

as low as 0.5 volts is used to identify the nerve.

• Motor stimulation (2-Hz) is used at its highest volt-

age to confirm that the probe is not too close to nearby
motor nerves.
• Gas flows are then turned up to 10 to 12 liters per minute (for the 2.0 mm probe) or 8 to 10 liters per minute
(for the 1.4 mm probe)
• A series of three 2-minute freezes with 30 seconds
defrosting between each cycle is performed
• There is usually a burning pain on initiation of the
first freeze cycle which often replicates the pain which
should be resolved within approximately 30 seconds
• The rest of the procedure should be completely painless.
♦ Salient technical aspects of some of the more commonly
performed cryoneurolysis techniques are described here.
Craniofacial Pain (Fig. 8)

♦ Supraorbital/supratrochlear nerve

• Presentation
• Frontal headache
• Mimics migraine, frontal sinusitis
• Pathology
• Entrapped at supraorbital notch
• Traumatized by blows to the face
• Entrapped by squinting, perimenstrual edema
• Trigeminal trigger zone
• Anatomy
• Supraorbital notch, supratrochlear groove
• Small probe, come from below, avoid brow line

♦ Infraorbital nerve

• Presentation
• “Sinus headache”, sinusitis, “atypical face pain”
• Pathology
• Traumatized by blows to the face, malar fractures, dental trauma, chronic sinusitis
• Trigeminal trigger zone
• Anatomy
• Infraorbital foramen
• Intraoral vs. percutaneous approach
• Cosmetic

♦ Maxillary nerve

• Presentation
• Cheek and upper jaw pain
• Similar to infraorbital
• Pathology
• Entrapment proximal to infraorbital foramen (such as
malar fractures), dental trauma
• Trigeminal trigger zone
• Anatomy
• Probe perpendicular to lateral pterygoid plate then

walk anteriorly until drop off

♦ Mandibular nerve

Fig. 8. Nerves causing craniofacial pain.
• Presentation
• Mandibular pain, dental pain, lateral tongue pain
• Pathology
• Dental trauma, mandibular fracture
• Trigeminal trigger zone
• Anatomy
• Probe perpendicular to lateral pterygoid plate and walk
posteriorly to drop off
• Will include the lingular nerve, therefore likely lateral
tongue hypoesthesia

♦ Inferior alveolar nerve

• Presentation
• Lower jaw and tooth pain, usually after dental surgery
or jaw trauma
• Pathology
• Trauma to the distal mandibular nerve, at tooth root or
within the body of the ramus
• Trigeminal trigger zone
• Anatomy
• Nerve enters medially at angle of mandible (intraoral)

♦ Mental nerve

• Presentation
• Lower chin/lower incisor/lower lip pain
• Pathology
• Dental trauma, Paget’s disease, jaw remodeling after
dentures
• Trigeminal trigger zone
• Anatomy
• Terminal branch of mandible
• Nerve exits mental foramen
• Intraoral or extraoral approach

♦ Auriculotemporal nerve
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• Presentation
• Temple headache
• Worse with menses, chewing, bruxism
• Often awakens patient at 3 or 4 am
• Misdiagnosed as temporal arteritis
• Pathology
• Entrapment of ATN by temporalis muscle
• Anatomy
• Travels with temporal artery
• Two sites of entrapment
• Isosceles triangle from the anterior tragus and the
		 corner of the eye (most common)
• Proximal ATN - Just anterior to the TMJ (watch for
		 facial nerve)

♦ Posterior auricular nerve

• Presentation
• Posterior ear pain (“cryptogenic ear pain”) or parietal
pain
• Pathology
• Entrapment by SCM or scar from mastoid trauma or
infections
• Anatomy
• Nerve runs at posterior border of SCM
• Skin is very thin (watch for frostbite during cryo)

C2 and C3, travels cephalad and pierces nuchal fascia at
base of skull
• Ganglion interconnects with trigeminal ganglion,
		 therefore refers to face
• Also lesser occipital nerve (from cervical plexus) and
		 third occipital nerve (posterior ramus C3)
Upper Extremity Pain

♦ Suprascapular nerve (Fig. 10)

• Presentation
• Diffuse shoulder pain, especially with internal rotation
or abduction
• Pathology
• Entrapment by the supraspinatus muscle, often after
lifting injuries with the arm internally rotated

♦ Occipital nerve (Fig. 9)

• Presentation
• Unilateral or bilateral occipital pain and headache, radiates to retro-orbital area
• Pathology
• Entrapment by the trapezius and splenius muscles
• Flexion/extension injuries
• May need to address cervical facets
• Anatomy
• Greater occipital nerve originates from dorsal ramus of

Fig. 10. Illustration of cryoneurolysis of suprascapular
nerve. Reproduced from Raj et al. Radiographic Imaging for
Fig. 9. Occipital nerve cryoneurolysis.

Regional Anesthesia & Pain Management with permission of
Elsevier. All rights reserved.
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Fig. 11. Cryoneurolysis of superficial radial nerve.

Netter medical illustration used with permission of Elsevier. All rights reserved.

• Anatomy
• The suprascapular nerve arises from the upper brachial
plexus and exits through the suprascapular notch to
innervate the supraspinatus, infraspinatus, and shoulder
joint.

♦ Superficial radial nerve (Fig. 11)

• Presentation
• Initially radial distribution of forearm and hand pain
(radial and dorsal hand) but may spread to the whole
arm. May present as “RSD” after forearm injury
• Pathology
• Entrapment of superficial radial at brachioradialis
• Traumatized by IV injury, Colles fracture or blunt
trauma
• Anatomy
• Maximum tenderness between brachioradialis and
extensor carpi muscles
Use caution because of thin skin

Chest Wall Pain

♦ Intercostal nerve (Fig. 12)

• Presentation
• Chest wall pain – anterior, posterior, or wrapping
around
• Pathology
• Post-thoracotomy
• Rib fractures
• Shingles/postherpetic neuralgia
• Anatomy
• The intercostals nerve lie posterior and cephalad to the
inferior border of the rib
• Probe is placed tangentially to the inferior rib margin
and slid up underneath the rib
• Risk of pneumothorax and bleeding
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Abdominal/Pelvic Pain

♦ Subgastric, iliohypogastric, ilioinguinal, genitofemoral

Fig. 12. Cryoneurolysis of intercostal nerve.

nerves (Figs. 13, 14A and 14B)
• Presentation
• Right or left abdominal wall pain from inferior ribs to
pelvic rim. Genitofemoral nerve may refer to pelvis,
vagina/scrotum, or medial thigh
• Mimics cholecystitis, splenic disease, appendicitis,
diverticulitis, endometriosis, interstitial cystitis
• Pathology
• Entrapment of the abdominal wall nerves at rectus border
• Traumatized by surgery, abdominal distension (ascites,
		 pregnancy), seatbelts or holsters
• Increased pain with menses (peripheral edema)
• Anatomy
• Entrapment of the nerve at the lateral rectus border
(except the genitofemoral nerve, which is trapped at the
pubic tubercle or on the psoas muscle).
• An intra-abdominal approach has been described for

Fig. 13. Cryoneurolysis of subgastric, iliohypogastric, ilioinguinal, and genitofemoral nerves. Netter medical illustration
used with permission of Elsevier. All rights reserved.
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Fig. 14. Arteries and nerves of the anterolateral abdominal wall. A. Used with permission from Lippincott, Williams and
Wilkins. All rights reserved.

the genitofemoral nerve. May need to be addressed at
the nerve root (T12, L1, L2).

♦ Pudendal nerve (Fig. 15)

• Presentation
• Vaginal/scrotal, rectal, or peroneal pain
• May mimic endometriosis or interstitial cystitis
• Pathology
• Pudendal entrapment at the sacrotuberous ligament
• Trauma such as bicycle seats, vaginal delivery
• Anatomy
• Formed from S2, 3, and 4 nerve roots
• Leaves pelvis through greater sciatic notch around the
sacrospinatus ligament, runs along the medial ischium
through the pudendal canal to innervate the anus, scrotum/vagina and perineum
• Approach from modified lithotomy or jackknife
		 position
• Use stimulator to identify appropriate branches

♦ Cluneal nerve (Figs. 16-18)

• Presentation
• Iliac crest pain radiating down leg to foot (“pseudosciatica”)
• Pathology
• Entrapment of nerve by quadratus lumborum
• Iliac crest graft trauma

Fig. 15. Pudendal nerve cryoneurolysis.
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Fig. 16. Illustration cluneal nerve anatomy.

Netter medical illustration used with permission of Elsevier. All rights reserved.

• T12/L1 neuropathy (Maigne’s syndrome) referring to
iliac crest

• Anatomy
• Injection/cryo at the quadratus lumborum attachment
on the iliac crest

♦ Superior gluteal nerve (Fig. 19)

Fig. 17. Site of cluneal nerve entrapment.

• Presentation
• “Pseudosciatica” after lifting injury, radiating down posterior leg
• Pathology
• Entrapment by the piriformis after forced internal rotation or flexion with rotation
• Anatomy
• SGN is made up of the posterior branches of L4, L5
and S1
• Leaves the pelvis through the greater sciatic foramen
		 above the piriformis
• Innervates the gluteus medius and minimus and tensor
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Fig. 19. Superior gluteal nerve cryoablation.

A. Netter medical illustration used with permission of Elsevier. All rights reserved.
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fascia lata

♦ Sacral nerve (Fig. 20)

• Presentation
• SI joint pain with tenderness over the medial aspect of
the posterior iliac crest
• Pain refers from buttocks to foot
• Peroneal pain, coccydynia (PSIS)
• Pathology
• SI instability or somatic dysfunction
• Sacral radiculitis
• Anatomy
• Posterior ramus of S1 to S3 innervates sacrum and SI joint
(SI usually primarily innervated by the S2 nerve root)
• S3 and S4 innervate perineum
• Probe can be placed at the inferio-lateral border of the
foramen for the posterior ramus or through the foramen at the lower levels for the anterior roots (watch for
motor or bladder dysfunction with diagnostic block)

♦ Sacrococcygeal nerve (Fig. 21)
Fig. 20. Sacral nerve cryoablation.

Fig. 21. Sacrococcygeal nerve cryoneurolysis.

• Presentation
• Coccydynia
• Pathology
• S5 irritation due to trauma (fall, childbirth)
• Need to distinguish from sacrococcygeal ligament
pathology (hypermobile coccyx)
• Anatomy
• Nerves exit the sacral foramen just medial to the sacral cornu
• Use PNS to distinguish nerve from ligament
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Fig. 23. Illustration of superficial peroneal nerve and
saphenous nerves.

Lower Extremity

♦ Infrapatellar saphenous nerve (Fig. 22)

• Presentation
• Diffuse knee pain, often after trauma (especially total
knee replacement)
• May mimic “RSD” or infection
• Often with radiation down medial shin
• Ambulate “stiff legged” to avoid flexion of the knee
• Pathology
• Saphenous entrapment by the sartorius
• Varus deformity
• Direct trauma from falls or surgery
• Anatomy
• Medial branch of the saphenous after it passes under
the sartorius, superior to the tibial collateral ligament
• Pain on palpation at the inferior medial tibial plateau
• Cryo from below, use caution regarding skin freezing

♦ Superficial peroneal nerve (Fig. 23)
• Presentation
• Dull lateral ankle pain

• Usually after inversion injuries
• Radiates to dorsum of the foot
• Mimics “RSD”

• Pathology
• Entrapment of the nerve by the extensor retinaculum
• May mimic or present as peripheral neuropathy
• Anatomy
• Nerve lies between the lateral malleolus and the extensor retinaculum
• Probe parallel to the nerve (like starting an IV)
• Caution regarding skin freezing

♦ Saphenous nerve (Fig. 23)

• Presentation
• Dull medial ankle pain
• Usually after eversion injuries, saphenous vein graft harvest
• Pain can radiate up the medial shin and down to the
great toe
• Mimics “RSD”
• May mimic or present as peripheral neuropathy
• Pathology
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• Entrapment of the saphenous nerve, often by swelling
• Anatomy
• Nerve passes anterior to the medial malleolus
Digital nerve (including deep peroneal) (Fig. 24)
• Presentation
• Poorly localized foot pain, especially to the ball of the foot
• May have toe numbness
• Often worse first thing in the morning and again late at
night, as well as with prolonged standing
• May mimic or present as peripheral neuropathy
• Pathology
• Entrapment of the digital nerves by the metatarsal heads
• Anatomy
• Evaluate by squeezing the metatarsal heads together while
a pincher action is used to test each web interspace

♦ Medial and lateral calcaneal nerve (Fig. 25)

• Presentation
• Medial and lateral heel pain
• Pathology
• Poor fitting shoes, ladders, trauma from falls
• Anatomy
• Medial calcaneal is terminal branch of the posterior tibial
• Lateral calcaneal is terminal branch of sural nerve.

Fig. 24. Cryoneurolysis of digital nerve (including deep
peroneal).

Fig. 25. Medial and lateral calcaneal nerve. Netter medical illustration used with permission of Elsevier. All rights reserved.
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Precautions

Side Effects and Complications

♦ The cryoneurolysis technique is only as good as the diag-

♦ Complications are related to proximity to vessels, lungs,

nostic technique that precedes it. It is critical that a precise diagnosis be made prior to an attempt to freeze any
nerve. In fact, the first step is to confirm that pathology is
primarily isolated to sensory nerves.
• Identify the clinical pattern of pain
• Perform a meticulous diagnostic block
• Use small volumes of local anesthetic no greater than
the volume of the freeze that would be created (0.2 to
0.8 mL)
• Use a nerve stimulator as well as fluoroscopic guidance,
direct exposure, or absolute anatomic location.

and adbominal cavity – pneumothorax, bleeding.

♦ There is a risk of depigmentation or hyperpigmentation at
the cryolesion site

♦ A diagnostic block allows the patient “preview” the effect
since the lesion creates numbness and not just pain relief.

♦ Alopecia may occur at the cryo site, especially at the
eyebrow

♦ There is only one reported case of neuritis after cryoneuroablation. 42

♦ The cryoanalgesia of the third and fourth intercostals can
cause ipsilateral nipple anesthesia.

♦ Denervation of the intercostal nerves appears to have no
conswquence, but loss of tne from the external and internal oblique muscles can cause a subtle but definite subcostal bulge that resolves with the return of sensation.43

Key Points
1. Cryoanalgesia, also known as cryoneuroablation or cryoneurolysis, is a specialized technique for providing long-term pain
relief when pain has been shown to be caused by sensory nerves.
2. The cryoprobe consists of a hollow tube with a smaller inner tube facilitating pressurized gas to travel at 600 to 800 psi
through the inner tube which is released into the larger outer tube at a low pressure at 10-15 psi through a very fine aperture,
producing temperatures as low as -70°C.
3. Long-term pain relief from nerve freezing occurs because ice crystals create vascular damage to the vasa nervorum which
produces severe endoneural edema.
4. Unlike surgery, phenol, alcohol, or radio frequency lesioning, cryonalgesia leaves the meylin sheath intact, allowing the nerve
to grow back normally.
5. Cryoanalgesia is contraindicated in patients with psychogenic pain, lack of response to diagnostic blocks, infection, pregnancy (relative contraindiction), and needle phobia.
6. Clinical applications of cryoanalgesia include intractable facial pain from a variety of causes, chest wall pain resulting
from thoracotomy or intercostal neuritis, abdominal and groin pain, non-spinal low back pain, and chronic pain in upper
and lower extremities.
7. It is crucial that appropriate precautions are exercised prior to performing cryoneuroablation by identifying of the clinical
pattern of pain and by performing a meticulous diagnostic block.
8. Precautions related to bleeding diathesis, anticoagulant therapy, antiplatelet therapy, and relation to vascular structures
and other cavities.
9. Risk of depigmentation or hyperpigmentation at cryolesion site, alopecia, and neuritis have been reported.
10. Side effects and complications include those related to technique and those related to anatomy.
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Regenerative injection therapy (RIT), also known as prolotherapy or sclerotherapy, provides a mild neurolytic effect
followed by a complex restorative process with biochemically
induced collagen regeneration.1
Prior to the 1930s, all injections were listed under the
umbrella of “Injection Treatment” with the addition of a pathological descriptor (i.e., “Injection Treatment of Hernia”1 or
“Injection Treatment of Varicose Veins”). The term “sclerotherapy” was coined by Biegeleisen in 1936.2
In 1956, Hackett3 introduced the term “prolotherapy,” as
“the rehabilitation of an incompetent structure by generation
of new cellular tissue,” because sclerotherapy implied scar formation. In the same text he published pain maps from ligaments and tendons which have remained largely unknown

to the medical community (Figs. 1-6). Contemporary understanding of the basic science is that the regenerative/reparative
healing process consists of 3 overlapping phases: inflammatory,
proliferative with granulation, and remodeling with contraction. The regenerative and reparative stages extend beyond the
proliferative stage.4-6 The term “regenerative injection therapy”
was coined to reflect currently prevailing anatomic and pathophysiologic trends in nomenclature.7
RIT stimulates chemo-modulation of collagen by repetitive induction of inflammatory and proliferative stages which
leads to tissue regeneration and repair. As a result, the tensile
strength, elasticity, mass, and load-bearing capacity of collagenous connective tissues increases. This complex process is
mediated by hormones and multiple growth factors.

Fig. 1. Referred pain from posterior sacroiliac ligament
(sacroiliac joint instability). Referred pain areas from
the upper fibers (AB); from the lower fibers (D)

Fig. 2. Sciatica type of pain from posterior sacroiliac, sacrospinous, and sacrotuberous ligaments (sacroiliac joint instability).
Pain = SN.
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Fig. 3. Referred pain from iliolumbar and posterior
sacroiliac (upper) ligaments (lumbosacral and sacroiliac
joint instability).

Fig. 4. Referred pain and sciatica type of pain from
posterior sacroiliac (lower) sacrospinous and sacrotuberous ligaments (sacroiliac joint instability). The
conducted pain of sciatica (SN) is illustrated in one
dermatome with the referred pain of the sacral ligaments
(D-SS-ST).

Fig. 5. Trigger points and referred pain from sacrospinalis and iliocostalis tendons – lumbar vertebrae (transverse process) and ribs. Referred pain areas (1-2-3-4-5)
(9-10) and trigger points of pain (Tr. 1-2-3-4-5) Rib
(9-10).

Fig. 6. Trigger points and referred pain areas. Position
of needles for diagnosis and treatment. Needles for Diagnosis and Treatment. Occipital Tendons: Referred Pain,
Headache, Dizziness. A: Forehead, Eye. B. Temple, Eyebrow, Nose. C. Above Ear. Cervical Ligaments. IS Interspinous Ligaments. ART Articular Ligaments. Referred
Pain - Upper: Neck; Middle: Arm, Forearm, Thumb, 1
and 2 fingers; Lowe: Acromium Process, Arm, Forearm.
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Indications
♦ Indications for regenerative injection therapy are listed in
Table 1.7-13
• As described in Table 2, seronegative spondyloarthropathies, accompanied by enthesopathies, comprise the list
of syndromes and conditions representing a multi-etio-

logical connective tissue diathesis with common pathogenesis treated with RIT.2,3,7,9,13-16
♦ Contraindications to RIT include general contraindications that are applicable to all injection techniques; specific
contraindications for RIT are listed in Table 3.

Table 1. Indications for regenerative injection therapy.
♦

♦
♦

♦

Painful enthesopathies, tendinosis or ligamentosis from
overuse, occupational and postural conditions known as
Repetitive Motion Disorders
Painful enthesopathies, tendinosis or ligamentosis secondary to sprains or strains
Painful hypermobility, instability and subluxation of the
axial joints secondary to ligament laxity accompanied by
restricted range of motion at reciprocal segment(s) that
improve temporarily with manipulation
Vertebral compression fractures with a wedge deformity
that exert additional stress on the posterior ligamento-tendinous complex

♦

Recurrent painful rib subluxations at the costotransverse,
costovertebral, and sternochondral articulations

♦

Osteoarthritis, spondylolysis, and spondylolisthesis

♦

Postsurgical cervical, thoracic, and low back pain (with or
without instrumentation)

♦

Posterior column sources of nociception refractory to steroid injections, nonsteroidal anti-inflammatory therapy
(NSAID), and radiofrequency procedures

♦

Enhancement of manipulative treatment and physiotherapy

♦

Internal disc derangement

Table 2. Conditions treated with regenerative injection therapy.
♦

Cervico-cranial syndrome, cervicogenic headaches (atlanto-axial, atlanto-occipital joint and mid-cervical facet joint
derangements, C2-3 thru C5-6 internal disc derangements)

sprain/strain and joint pain
♦

Sacroiliac joint instability, hypermobility, repetitive sprain/
strain, pain

♦

Myofascial pain syndromes

♦

Marie-Strümpell disease

♦

Ligament laxity with hypermobility and pain, Ehler’sDanlos syndrome

♦

Iliac crest syndromes, iliocostalis friction syndrome, iliolumbar syndrome

♦

Barré Liéou Syndrome

♦

Torticollis

♦

Cervical, thoracic, and lumbar midline spinal pain “of
unknown origin”

♦

Cervicobrachial syndrome (shoulder/neck pain)

♦

Hyperextension/hyperflexion injury syndromes

♦

Cervical, thoracic, and lumbar sprain/strain syndrome

♦

Piriformis syndromes

♦

Costovertebral and costotransverse arthrosis, ligament

♦

Ankylosing spondylitis
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Table 3. Contraindications for regenerative injection therapy.

General Contraindications
♦

Allergy to anesthetic solutions

♦

Bacterial infection, systemic or localized to the region to be
injected

♦

Bleeding diathesis secondary to disease or anticoagulants

♦

Fear of the procedure or needle phobia

♦

Neoplastic lesions involving the musculature and osseous
structures

♦

Recent onset of a progressive neurological deficit including,
but not limited to, severe intractable cephalgia, unilaterally
dilated pupil, bladder dysfunction, bowel incontinence, etc.

♦

Requests for large quantity of sedation and/or narcotics
before and after treatment

♦

Severe exacerbation of pain or lack of improvement after
local anesthetic blocks

Specific Contraindications
♦

Acute arthritis (septic, gout, rheumatoid, or post-traumatic with hemarthrosis)

♦

Acute bursitis or tendonitis

♦

Acute nonreduced subluxations, dislocations, or fractures

♦

Allergy to injectable solutions or their ingredients such as
dextrose (corn), sodium morrhuate (fish), or phenol

Clinical Applications

Clinical Presentation and Evaluation

♦ Regenerative injection therapy has been the subject of mul-

♦ A wide variety of presenting complaints include occipital

tiple published articles, including systematic reviews,17,18
randomized trials,19-23 and numerous nonrandomized
publications which include prospective and retrospective
clinical studies as well as case reports.24,25
♦ In the systematic review of prolotherapy injections for chronic
low back pain,16 the authors included 4 randomized trials1923
which were considered as high quality with a total of 344
patients. Among the 4 studies, the authors reported that 2 studies20,21 showed significant differences between the treatment
and control groups for those reporting over 50% reduction in
pain or disability; however, their results could not be pooled.
• In addition, in one study, co-interventions confounded
independent evaluation of results; in the other, there
was no significant difference in mean pain and disability scores between the groups.20,21
• In the third study there was little or no difference between
the groups in regard to the number of individuals who
reported over 50% improvement in pain and disability.22
• Reporting only mean pain and disability scores, the
fourth study19 showed no difference between groups.
• The authors of this systematic review concluded that
there was conflicting evidence regarding the efficacy of
prolotherapy injections in reducing pain and disability
in patients with chronic low back pain.
• They also concluded that in the presence of co-interventions, prolotherapy injections were more effective than
controlled injections, more so when both injections and
co-interventions were controlled concurrently.

and suboccipital headaches, posterior midline and paramedial cervical, cervicothoracic, thoracic, thoracolumbar, lumbar, and lumbosacral pain as well as scapular and
shoulder regions, between the shoulder blades, low back,
buttocks, sacroiliac, trochanteric areas pain, and any combination of the above (Table 2).2,9-16,20,23,24,26-29
♦ The onset may be sudden or gradual; the intensity, duration, and quality of pain are variable but usually associated
with a traumatic event.
• Physical exam may reveal postural abnormalities, functional asymmetries, combinations of kyphoscoliosis,
flattening of cervical and lumbar lordosis, and arm and/
or leg length discrepancies.
• Pain is provoked by variable combinations of flexion/extension, rotation, lateral bending, and/or contractions under load.
♦ The exquisite tenderness at the fibro-osseous junction
(enthesis) is the pertinent subjective clinical finding.
• These areas of tenderness are identified and marked to
become the subject of needle probing (“needling”) and
infiltration with local anesthetic.
• Initial needle placement at the fibro-osseous junction
usually reproduces the pain which becomes worse upon
infiltration of the local anesthetic and typically subsides
within 15 seconds after infiltration.
♦ Determination of abolishment or persistence of tenderness
(local or referred pain objectifies the finding of tenderness)
concludes the clinical exam and becomes the basis for clinical diagnosis and further RIT procedures.
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Pathophysiology
♦ Ligaments and tendons are fibrous collagenous tissue

that has a crimped, wave-like appearance under a light
microscopy.
• The crimped pattern unfolds during initial collagen
loading.1,30-32
• When elongated beyond 4% of their original length,
ligaments and tendons lose their elasticity and ability to
recoil to the original crimped, wave-like appearance.
• They become permanently laxed, leading to joint
hypermobility.
♦ Subfailure was reported at earlier stages of elongation in
degenerated ligaments.
• Natural healing, at best, may restore connective tissue to
its pre-injury length but only 50 – 75% of its pre-injury
tensile strength.1,16, 30-32
♦ Collagenous tissues are deleteriously affected by
steroid administrations, NSAIDs, inactivity, and
denervation.4-6,15,32-34
♦ Connective tissue response to trauma varies with the
degree of injury and is always inflammatory/regenerative/
reparative in nature.
• In the presence of cellular damage, a regenerative pathway takes place; in the case of extracellular matrix damage, a combined regenerative/reparative pathway takes
place. These pathways are modulated by hormones, and

♦
♦

♦
♦

chemical and growth factors.4,5,15,32
• Central denervation such as in quadriplegic patients
leads to a statistically high accelerated degeneration.5
Corticosteroids do not alter the course of this degenerative process.4,5
Neoneurogenesis and neovasculogenesis are integral components of both regenerative/reparative and degenerative
processes.6,35-38
Rationale for RIT in the chronic painful pathology of
fibrous connective tissue evolved from clinical, experimental, and histological research of the injection treatment of
hernia.
• In hernias, inflammatory response to injectate induced
proliferation and subsequent regenerative/reparative healing phases that have led to a fibrotic closure of the defect.
• This process actually reproduced the healing by second intention.
• Of specific interest is the intense neovasculogenesis
and neoneurogenesis accompanying the initial phases
that is regressing during the contraction phase.
Pain reduction is in part explained by the regression of
neoneurogenesis.2,7
Experimental and clinical studies demonstrated up to a
65% increased diameter of collagen fibers in ligaments and
tendons due to induced proliferative regenerative repetitive
responses.2,4,8,39,40

Table 4. The proposed mechanism of action of regenerative injection therapy.
♦

♦

♦
♦

Temporary neurolysis with chemoneuromodulation of
peripheral nociceptors is achieved by chemical properties
of the injectates and provides stabilization of antidromic,
orthodromic, sympathetic, and axon reflex transmissions.
• Temporary neurolysis is achieved via mechanical transsections of some small myelinated and unmyelinated C fibers
by the needle or hydraulic pressure of the injected volume.
Modulation of local haemodynamics with changes in intraligamentous, intra-tendinous, and intra-osseous pressure
leads to reduction of pain. Empirical observations suggest
that dextrose/lidocaine action is much more prolonged
than that of lidocaine alone.
Mechanical transsections of cells and extracellular matrix
by the needle causes cellular damage, and stimulates
inflammatory cascade and release of growth factors.
Compression of cells by relatively large extracellular volume as well as cell expansion or constriction due to osmotic
properties of injectate stimulates the release of intracellular

♦

♦

growth factors.
Chemo modulation of collagen through inflammatory,
proliferative, regenerative/reparative response is induced
by the chemical properties of the injectates and mediated
by cytokines and multiple growth factors.
• Temporary repetitive stabilization of the painful hypermobile joints, induced by inflammatory response to the
injectates, provides a better environment for regeneration and repair of the affected ligaments and tendons.
• The large volume of injectate disrupts adhesions that
were created by the original inflammatory attempts to
heal the injury, akin to epidural or intra-abdominal lyses
of adhesions.
A relatively large volume of osmotically inert injectate
assumes the role of a space occupying lesion in a tight and
slowly equilibrating extracellular compartment of the connective tissue. It initiates inflammatory cascade and also
irrigates catabolic interleukins.
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Anatomy
♦ The irregularly tubular shape of a human body is main-

tained by continuous compartmentalized fascial stocking.
• This stocking, cross-sectionally and longitudinally,
incorporates, interconnects, and supports various ligaments, tendons, muscles, and neurovascular and osseous
structures.
• Collagenous connective tissues, in spite of their slightly

♦

♦

♦

Fig. 7. Schematic drawing demonstrating sites of origins and
tendon insertions (enthesis) of the vertebral and paravertebral
and peripheral musculature in the cervical, thoracic, and lumbar regions and partly upper and lower extremities. Clinically
significant painful enthesopathies are common at the locations
defined by dots. Dots also represent most common locations of
needle insertions and infiltration during RIT.
Modified from Sinelnicov. Atlas of Anatomy, Vol. 1, Meiditsina
Moskow, 1972.
Modified and prepared for publication by Tracey Slaughter.

♦

different biochemical content, blend at their boundaries and at the osseous structures, functioning as a single
unit.1,32,41
• This arrangement provides a bracing and hydraulic
amplification effect to the lumbar muscles, increasing
contraction strength up to 30%.9
Various well innervated joints allow movements of the
extremities, spine, and cranium.
• These joints are syndesmotic, synovial, and symphyseal.
• Spinal joints are located in the anterior, middle, and
posterior columns.
• Syndesmotic joints are anterior and posterior longitudinal
ligaments, anterior and posterior atlanto-occipital membranes, supraspinous and interspinous ligaments, and
ligamentum flavum.
• Symphyseal joints are intervertebral discs.
• Synovial joints are atlanto-axial, atlanto-occipital, zygapophyseal, costotransverse, and costovertebral; the
sacroiliac joint is a combined synovial-syndesmotic
one.1,8,31,41-43
Differential diagnosis is based on an understanding of the
regional and segmental anatomy and pathology, as well as
the segmental, multisegmental, and intersegmental communications in innervation of the compartments and their
contents around the spine.
• This is provided by ventral rami, dorsal rami, gray rami
communicants, sinuvertebral nerves, and the sympathetic chain.
Lumbar interspinous ligaments receive innervation from
the medial branches of the dorsal rami. Three types of
nerve terminals in posterior spinal ligaments have been
confirmed microscopically. They are the free nerve endings, the pacinian and Ruffini corpuscles. These nerve
endings arise from lumbar medial branches.
• A sharp increase in the quantity of free nerve endings
at the spinous processes attachments (enthesis) were
documented, rendering them putatively nociceptive.33
• Experimental and empiric observations suggest that a
similar arrangement exists at the cervical and thoracic
spinous processes, therefore rendering them putatively
nociceptive.39,44 Willard41 demonstrated that cervical
MBs on the distal course innervate the multifidus and
interspinales muscles.
• A formal anatomic study reconfirmed these
observations.45
Spondyloarthropathies with enthesopathies are rarely, if
ever, included in the differential diagnosis or therapeutic
plan by the interventional physicians.
• Tissue bed pathology, pain, and tenderness are the primary targets for RIT, taking innervation into account.
• Therefore RIT may afford evaluation of many putative
nociceptors from the variety of pain presentations and
when correctly administered, offers a practical advantage
that can be accomplished in one office visit (Fig. 7).
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Mechanism of Action
The proposed mechanism of action for regenerative injection therapy is complex and multifaceted as is listed in Table
4.8,9,19,28-30,47-57

Solutions for Injections
♦ Four groups of solutions are used for RIT; and simply by

virtue of being injected into connective tissue, all of them
become irritants. By the chemical properties, hypertonic dextrose, phenol, and glycerin are neurolytic. The 4 groups are:
• Osmotic shock agents, such as hypertonic dextrose and
glycerin
• Chemical irritants such as phenol
• Chemo tactic agents such as sodium morrhuate
• Particulates such as pumice suspension
♦ Injectates always contain a mixture of local anesthetic with
other ingredients.
• The most common solutions contain lidocaine/dextrose mixtures in various concentrations. Lidocaine is
available in 0.5-2% concentration, dextrose in a 50%
concentration.
• To achieve a 10% dextrose concentration, dilution is
made with lidocaine in 4:1 proportions (i.e., 4 mL of
0.5-1% lidocaine is mixed with 1 mL of 50% dextrose), osmolality 555 mOsm/L.
• To achieve a 12.5% dextrose concentration, dilution
is made with lidocaine in 3:1 proportions (i.e., 3 mL
of 0.5-1% lidocaine mixed with 1 mL of 50% dextrose), 694 mOsm/L.
• A 2:1 proportion (i.e., 2 mL of 0.5-1% lidocaine with
1 mL of 50% dextrose) will equal 16.5% dextrose, 916
mOsm/L.
• A 3:2 proportion makes a 20% dextrose solution,
1110 mOsm/L.
• A 1:1 dilution makes a 25% dextrose solution, 1,388
mOsm/L.
♦ A 25% dextrose solution is used for intraarticular and
intradiscal injections.
• Based on a recent double-blind study, proponents of noninflammatory RIT/prolotherapy suggest that a 10% dextrose
solution may be equally effective for intraarticular use.46
• Any solution with osmolality greater than a 1,000
mOsm/L is neurolytic because the myelin lamellae separate and unmyelinated fibers may show total destruction, after soaking for 1 hour in distilled water or solutions with osmolality greater than 1,000 mOsm/L.47
♦ When dextrose is ineffective, progression to a stronger
irritant such as sodium morrhuate has been described in
various dilutions up to a full strength.
• Five percent sodium morrhuate is a mixture of sodium
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salts of saturated and unsaturated fatty acids of cod liver oil and 2% benzyl alcohol (chemically very similar
to phenol), which acts as both a local anesthetic and
preservative.
♦ Dextrose/phenol/glycerin (DPG) solution contains dextrose
and glycerin in equal 25% amounts, 2.5% phenol and water.
• It is referred to as DPG or P2G and prior to injection is diluted in concentrations of 1:2=1368 mOsm/L;
1:1=2052 mOsm/L or 2:3=1641 mOsm/L, with a local
anesthetic.
♦ Diluted 5% phenol in 50% glycerin solution is used for the
treatment of spinal enthesopathies and injections at donor
harvest sites of the iliac crest for neurolytic and regenerative/reparative responses. Prior to injection 1 mL of this
solution is mixed with 4 mL of local anesthetic 1,086
mOsm/L.11, 23
• Neurolytic intraarticular injections of a 10% aqueous
phenol, diluted to 5% with omnipaque or omniscan
contrast and local anesthetic, are used in the pain management department of Mayo Clinic, to facilitate nursing care in severely debilitated patients.48
• Various concentrations of water and glycerine based
phenol solutions have been described. The literature
suggests that perineural phenol glycerine combinations
produce a better regenerative/reparative response.49-57

Technique
♦ Using palpable landmarks for guidance, experienced prac-

titioners may safely inject with or without fluoroscopic
guidance, the posterior column elements innervated by the
dorsal rami: tendons and ligaments enthesis at the spinous
process, lamina, posterior zygapophyseal capsule, transverse process, and thoracolumbar fascia insertions.
• The 0.5% lidocaine solution is an effective, initial diagnostic option for pain arising from posterior column
elements when utilized in increments of 0.5 to 1.0 mL
injected after each bone contact, initially blocking the
structures innervated by terminal filaments of the medial branches with the sequence as follows:
♦ Step A: In the presence of midline pain and tenderness,
enthesis of various structures inserting to the spinous process are blocked initially in the midline at the previously
marked level(s).
♦ Step B: The area(s) is re-examined about 1 minute after
each injection for tenderness and movements that provoked pain.
• If tenderness remains at the lateral aspects of the spinous processes, injections are carried out to the lateral
aspects of their apices, thus continuing on the course of
medial branches or dorsal ramus. Step B is repeated.
• Persistence of paramedial pain dictates blocks of zygapophyseal capsules (cervical, thoracic, and lumbar),
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costotransverse joints, or the posterior tubercle of the
transverse processes in the cervical region with their
respective tendon insertions. Step B is repeated.
• Perseverance of lateral tenderness dictates investigation
of the structures innervated by the lateral branches of
the dorsal rami, such as the enthesis of iliocostalis or
serratus posterior superior/inferior at the ribs, the ventral sheath of thoracolumbar fascia at the lateral aspects
of the lumbar transverse processes, or the iliac crests
insertions. Step B is repeated.
♦ In this fashion, all potential nociceptors on the course
of medial branches and LB are investigated from their
periphery to the origin.
• Thus the differential diagnosis of pain arising from vertebral and paravertebral structures innervated by medial
branches and LB is made based on the results of the
blocks (Figs. 7 and 8).
♦ Manipulation under local anesthesia can be performed
after anesthetic has taken effect and the musculature is

Fig. 8. Percutaneous management options for spinal pain.

sufficiently relaxed.58
♦ Pain from the upper cervical synovial joints presents a
diagnostic and a therapeutic challenge because of the pain
patterns overlap.
• Therefore it is usually a diagnosis of exclusion.
• A 3% phenol solution has secured a long-lasting therapeutic effect in selected patients after intra-articular,
atlanto-axial, and atlanto-occipital joint injections.16 A
25% dextrose intra-articular injection in these joints
and midcervical synovial joints, was reported to relieve
persistent pain after radiofrequency and capsular injection failure.10
• The possibility of serious complications dictates that all
intra-articular injections of the axial synovial joints; specifically atlanto-axial and atlanto-occipital, zygapophysial,
costovertebral, and intervertebral discs, should be performed only under fluoroscopic guidance by an experienced practitioner.
♦ Most commonly injected sites of painful spinal enthesopa-

Ch. 9

Regenerative Injection Therapy

Linetsky et al

95

Side Effects and Complications

Fig. 9. Illustration of the most common locations (dots) of
pelvic enthesopathies and position of the needle tip during
injection.
thies of the posterior column are innervated by the medial
(MB) and lateral (LB) branches of the dorsal rami:
• Spinous processes (superior, inferior, and lateral surfaces
especially at the apex), terminal filaments
• Occipital bone at inferior and superior nuchal lines
• Posterior tubercles of cervical transverse processes
(when palpable)
• Thoracic and lumbar transverse processes
• Capsular ligaments of cervical, thoracic, and lumbar
zygapophysial joints
• Costotransverse joints and capsules
• Tendons and ligaments at the postero-medial, superior, inferior, and lateral surfaces of the iliac crests and
spines
• Posterior tubercles and angles of the ribs
♦ Multiple other peripheral sites innervated by their respective nerves are depicted in Figs. 1-9.
• Proximal and distal portions of the clavicle
• Mastoid processes
• Greater and lesser humeral tuberocities, medial and lateral epicondiles
• Superomedial, medial, lateral margins, inferior and
superior angles, spine, coracoids, and acromions of the
scapulas
• Sternum, xiphoid, and anterior ribs
• Pubic tubercles, superior and inferior rami; ischial
spines, tuberocities and rami
• Greater and lesser femoral trochanters, medial and lateral epicondiles

Complications do occur with regenerative injection therapy but statistically, they are rare.
♦ The most recent statistical data on complications are from
a survey in 2006 of 171 physicians providing RIT injection
treatment.59
• These respondents had been providing this treatment
for a median of 10 years, and described treating a median of 500 patients each, giving a median of 2,000 injections each.
• One hundred sixty-four spinal headaches were
reported, as were 123 pneumothoraces. There were
73 temporary systemic reactions, and 54 patients with
temporary nerve damage.
• Sixty-nine adverse events required hospitalization,
which included 46 of the patients with a pneumothorax and none of the spinal headache patients.
• There were 5 cases of permanent nerve damage.
Only 3 surveys included information on the specific
injury:
• One case of mild to moderate leg pain, 1 case of
persistent numbness in a small area of the gluteal
region, and 1 case of persistent numbness in the
		 quadriceps region.
♦ These findings are similar to a survey by Dorman of 450
physicians performing RIT/prolotherapy.60
• One hundred-twenty respondents revealed that 495,000
patients received injections.
• Twenty-nine instances of pneumothorax were reported,
2 of them requiring chest tube placement.
• Twenty-four nonlife threatening allergic reactions were
also reported.60
• Stipulating that each patient had at least 3 visits and
during each visit received at least 10 injections, the
occurrence of pneumothorax requiring a chest tube
was 1 per 247,500 injections.
• Self-limited pneumothoraxes were 1 per 18,333 and
allergic reactions were 1 per 20,625 injections.60
♦ In the 1960s, 5 cases of postinjectional arachnoiditis were
reported.61
• Two of them were fatal.
• One was a direct sequence of arachnoiditis; another was
a sequence of incompetent shunt and persistent hydrocephalus with increased intracranial pressure.
• Of the 3 other cases, the first, with mild paraparesis,
recovered after a ventriculo-jugular shunt.
• The second recovered spontaneously with a mild neurological deficit.
• The third case remained paraplegic.
♦ Three cases of intrathecal injections have not been reported in the literature because of medico-legal issues.
• Two of them resulted in paraplegia.
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• The first occurred after injection at the thoracic level,

the second after a lumbar injection.
• A third case was performed by an untrained person who
injected zinc sulfate solution at the cranio-cervical level
resulting in immediate onset of severe neurologic deficit, quadriplegia, and subsequent hydrocephalus.
♦ One case of self-limiting sterile meningitis after lumbosacral sclerosing injections was reported in 1994.
• Adjacent endplate fractures associated with intradiscal
dextrose injections were recently reported.62

• Postspinal puncture headaches have been reported

after lumbosacral injections.19 Two such cases occurred
in the first author’s practice during the past 14 years.
Both patients recovered after 1 week with bed rest and
fluids.
♦ Overall, pneumothorax is the most commonly reported
complication.
• Injections of anterior synovial joints, such as sternoclavicular, costosternal, and interchondral, may also result
in pneumothorax in the same subset of patients.

Key Points
1. Regenerative injection therapy/prolotherapy is 1 of the interventional techniques for treatment of chronic
pain arising from multi-etiologic connective tissue diathesis with common pathogenesis.
2. Utilizing advanced imaging, neurophysiologic and precision diagnostic techniques, spinal pain can be identified in approximately 50% to 80% of patients, which leaves 20% to 50% of patients without appropriate
diagnosis.
3. Axial and periaxial pain patterns from ligaments, tendons, muscles, intervertebral discs, and facet joints overlap significantly.
4. Rationale for RIT in the chronic painful pathology of fibrous connective tissue such as ligaments and tendons evolved mainly from clinical, experimental, and histological research performed for injection treatment
of hernia.
5. There are 4 groups of solutions used for RIT; simply by the virtue of being injected into connective tissue, all
of them become irritants. By the chemical properties, hypertonic dextrose, phenol, and glycerin are neurolytic.
6. The same basic principles that have been advocated in all currently employed diagnostic blocks have been
used in RIT since its inception to objectively confirm the source(s) of pain and to augment clinical diagnosis
by local anesthetic.
7. Heterogeneity issues make it difficult to perform a comprehensive review and statistical analysis of the large
volume of existing literature on the subject.
8. Publications questioning the validity of perivertebral enthesopathies, perivertebral ligaments, and tendons as
pain generators are misleading.
9. The literature presented in this chapter, including randomized, nonrandomized, and systematic reviews,
offers moderate evidence of RIT/prolotherapy effectiveness in select patients utilizing appropriate technique
and manipulation.
10. Rare, but serious complications have been reported.
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Miles Day, MD

The involvement of the sphenopalatine ganglion
block (SPG) block as a pain originator and transmitter was first described by Sluder1 in 1908. He theorized that inflammation secondary to infection of
the sinuses and tissue membranes irritated the SPG,
resulting in a neuralgic, facial pain syndrome; this
syndrome was coined “Sluder’s neuralgia.” Several
years later, his friendly adversary, Ruskin,2 went on to
stratify Sluder’s neuralgia into 4 separate entities that
together comprised the facial pain syndrome.Unlike
Sluder, Ruskin believed that the SPG was involved
in the pathogenesis of trigeminal neuralgia.3 In 1940,
Eagle4 presented his candidate’s thesis on “Sphenopalatine Neuralgia” to the American Laryngological,
Rhinological and Otological Society. He theorized
that inflammation of the SPG was primarily caused
by intranasal deformities and secondarily by systemic
disorders, i.e., infection.
The SPG is the largest peripheral parasympathetic ganglion having multiple connections to general sensory fibers, and the internal carotid plexus
without synapsing (Fig. 1).5 It is also called pterygopalatine ganglion. In recent years, the blockade of the
SPG has increased substantially in interventional pain
management for the treatment of refractory headache
and facial pain.
SPG block has been used for headache, facial
pain, and various other types of pain.6-31 Further,
over the years multiple technical aspects have been
described to perform this procedure most effectively.9,12,17,32-41 Even then, a recent evidence synthesis provided overall moderate-quality evidence, with
weak recommendations.6

Fig. 1. Sphenopalatine ganglion. Netter medical illustration used
with permission of Elsevier. All rights reserved.
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Indications

Clinical Applications

♦ Diagnostic SPG blocks under fluoroscopy must be per-

♦ Sanders and Zuurmond15 performed SPG RFTC on

formed to accurately determine the involvement of SPG
in facial pain.
• Sphenopalatine radiofrequency neurolysis must only
be considered with utmost care in patients with intractable patient pain after failure of all other modalities of
treatments with excellent and reproducible consistent
relief following fluoroscopically guided local anesthetic
blockade of SPG.
♦ Common indications and other reported, but not yet
mainstream, therapeutic uses are as follows: 6-31
• Sphenopalatine neuralgia
• Trigeminal neuralgia
• Migraine headaches
• Cluster headaches
• Facial pain
• Cancer of the tongue and floor of the mouth
• Sinus arrest in post-therapeutic neuralgia
• Vasomotor rhinitis
• Complex regional pain syndrome of the lower extremities
• Low back pain
• Post-traumatic headache
• Fibromyalgia
• Myofascial pain
• Oral pain
• Atypical facial pain.
♦ Contraindications are absolute (A) and relative (R).
• Patient refusal - A
• Local infection and sepsis - A
• Allergy to medications used - A and R
• Coagulopathy - A
• Anticoagulant therapy - R
• Antiplatelet therapy - R
• History of facial trauma - R
• History of chronic nosebleeds – A for the intranasal
technique.
♦ With its complex neural structure, it is nearly impossible to
determine if the ganglion itself is the origin of the pain or is
merely acting as a relay station for another pain generator.
• Sluder1 and Eagle4 alluded to infection with subsequent
inflammation surrounding the ganglion as a cause, while
Ruskin2 felt it played a role in trigeminal neuralgia.
• Two molecular mechanisms hypothesized include: 1)
dysequilibrium between sympathetic and parasympathetic tone in the SPG resulting in release of substance
P or blockade of local enkephalins; and 2) focal demyelination of the ganglion producing abnormal impulses
in the afferent, nociceptive C-fibers.27

♦

♦
♦

♦

♦
♦
♦

♦
♦
♦

66 patients suffering from episodic and chronic cluster
headaches.
• Thirty-four (60.7%) of 56 patients with episodic cluster headaches and 3 (30%) of 10 patients with chronic
cluster headaches received complete analgesia during a
mean follow-up of 29 months.
Salar et al14 performed 2 RFTC lesions at 60°C and 65°C
for 60 seconds on 7 patients diagnosed with sphenopalatine neuralgia.
• All were pain-free over a follow-up period ranging from
6-34 months.
Prasanna and Murphy25 reported immediate, short-term
analgesia in 10 patients suffering from intractable pain
from cancer of the tongue and floor of the mouth.4
Bayer et al17 evaluated SPG pulsed radiofrequency treatment in 30 patients suffering from chronic face and head
pain.
• Twenty-one percent had complete pain relief, 65%
reported mild-moderate relief, and 14% reported no
relief.
• Sixty-five percent of patients reported mild-moderate
reduction in analgesic intake.
Janzen and Scudds19 conducted a randomized controlled
trial comparing the effectiveness of SPG blocks in the
treatment of pain and fibromyalgia and myofascial pain
syndrome.
• They showed no significant difference between the
lidocaine and placebo groups.
SPG block was shown to be effective in 2 cases of complex
regional pain syndrome involving the lower extremity.13
In a controlled clinical trial, Costa et al30 showed the effectiveness of cocaine and lidocaine in nitroglycerin-induced
cluster headache attacks.
SPG neurectomy for facial pain was shown to be effective
in 12 patients with long-term follow-up.20
• However, they reported high incidence of pain recurrence, even though it was usually less severe and could
be managed with medications.
Transnasal SPG block with a new approach was shown to
be effective.9,12
Windsor and Jahnke36 reported success with a modified
transnasal SPG block.
Day6 evaluated the evidence and provided recommendations based on Guyatt et al’s42 grading of recommendation
based on benefit versus risk and burdens, methodological
quality of supporting evidence, and implications. The literature search for this evidence synthesis6 produced 17 arti-
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Table 1. Summary of sphenopalatine block/neurolysis evidence.
Authors

No. of
Patients

Grade of
Recommendation

21

2B

Study Type

Diagnosis

DB,PC

Myofascial pain in head, neck, shoulders

Berger et al18

DB,PC

Low back pain

21

2B

Bayer et al17

RR

Atypical facial pain, sphenopalatine neuralgia,
atypical trigeminal neuralgia, migraine HA

30

1C

Cluster HA

8

66

1C

CRPS lower extremity

7
2

1C

Ferrante et al31

Janzen and Scudds

DB,PC

19

Puig et al16

Sanders and Zuurmond

15

Salar et al

CS
CS

Myofascial pain, ﬁbromyalgia

Sphenopalatine neuralgia

23

2B

1C

Quevedo et al

CS

CR

Sphenopalatine neuralgia

Peterson et al

CR

Trigeminal neuralgia, tooth pain

2

1C

CR

Trigeminal neuralgia

1

1C

Saade and Paige

CR

CA

1

1C

Yang and Oraee9

CR

Cluster HA

1

1C

Shah and Racz8

CR

Post-traumatic HA

1

1C

Gregoire et al7

CR

Trigeminal neuralgia

1

1C

14
13

12

Manahan et al11
10

2B

CR, case report; CS, case series; RR, retrospective review; DB,PC, double-blind, placebo-controlled; CRPS, complex regional pain syndrome; HA, headache; CA, cancer.

Adapted and modified from Day M.6 Sympathetic blocks: The evidence. Pain Practice 2008; 8:98-109.

cles on blockade and on neurolysis of the SPG block.7-20,44
Three of the articles were not included in the review.26,39,46
Of these, the first one was an endoscopic technique article,
the second was a computed tomography (CT)-enhanced
technique article, and the third was published about complications of thermoneurolysis of the ganglion.26,39,46 Of
the 14 summarized for evidence synthesis in Table 1 there
were 7 case reports, 3 case series, one retrospective review,
and 3 double-blind, placebo-controlled studies.7-19,31
• Treatment indications included:
• Trigeminal neuralgia
• Post-traumatic headaches
• Cluster headaches
• Migraine headaches
• Sphenopalatine neuralgia
• Atypical facial pain
• Complex regional pain syndrome of the lower
extremity
• Fibromyalgia
• Myofascial pain.

• Complications were minimal and included:
• Bleeding
• Infection
• Intravascular injection
• Damage to nerves
• Damage to blood vessels.
• Level of evidence was described as 1C-strong recom-

mendation, low-quality, or very low-quality evidence
with benefits clearly outweighing risks and burden,
or vice versa, with supporting evidence from observational studies or case series, with implication that
recommendation may change when higher-quality evidence becomes available was provided for 10
studies.7-12,14-17
• The remaining 4 studies13,18,19,31 were given 2B grade
for moderate-quality evidence due to 3 double-blind,
placebo-controlled studies, but weak recommendations
based on the indications for the block which involved
lower extremity CRPS, fibromyalgia, and myofascial
pain.
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Fig. 2. The sensory innervation of the lateral wall of the
nasal cavity, hard and soft palates, and nasopharynx.

Anatomy
♦ The SPG is one of 4 parasympathetic ganglion in the head

residing in pterygopalatine fossa, also known as pterygopalatine ganglion (Figs. 1 and 2).5
• The SPG or pterygopalatine ganglion is the largest of
the peripheral parasympathetic ganglia.
• It is placed deeply in the pterygopalatine fossa, near
the sphenopalatine foramen, and anterior to the
pterygoid canal and foramen rotundum.
• The fossa is bordered anteriorly by the maxillary sinus;
posteriorly by the medial pterygoid plate; medially by
the palatine bone; and superiorly by the sphenoid sinus
(Figs. 1- 3).
• The pterygomaxillary fissure allows passage of a needle
into the fossa, while the pterygopalatine foramen is
located medial to the ganglion and is just posterior to
the middle turbinate.
• The SPG is flat and reddish-gray in color, and lies just
below the maxillary nerve as it crosses the pterygopalatine fossa.
• The fossa is approximately one cm wide and 2 cm high
and resembles a V-shaped vase on a lateral fluoroscopic
image. A large venous plexus overlies the fossa.
• The foramen rotundum and the pterygoid canal are
located on the superolateral and inferomedial aspect of
the fossa, respectively.
• The maxillary artery and its branches also reside in the
fossa.
♦ The ganglion is “suspended” from the maxillary nerve by
the pterygopalatine nerves and, when viewed in the sagittal plane, lies medial to the maxillary nerve.16

Fig. 3. Radiographic posteroanterior view of the face.

• Posteriorly the ganglion is connected to the vidian nerve

which is formed by the deep petrosal and greater petrosal nerves.
• The ganglion has efferent branches and forms the superior posterior lateral nasal and pharyngeal nerves.
• Caudally, the greater and lesser palatine nerves exit the
ganglion.
♦ Sensory fibers arise from the maxillary nerve, pass through
the SPG, and innervate the upper teeth, nasal membranes,
soft palate, and some parts of the pharynx.
• A small number of motor nerves are believed to travel
with the sensory trunks.
♦ The autonomic pathways are more complex.
• Preganglionic sympathetic fibers originating in the
upper thoracic spinal cord form the white rami communicantes and ascend through the sympathetic chain
to the superior cervical ganglion.
• Exiting postganglionic sympathetic fibers join the carotid plexus before branching off and traveling through the
deep petrosal and vidian nerves to the SPG. These postganglionic fibers continue through the SPG in route to
the lacrimal gland and the nasal and palatine mucosa.
♦ The parasympathetic preganglionic component originates
in the superior salivatory nucleus and travels through a
small portion of the facial nerve before forming the greater
petrosal nerve.
• The greater petrosal nerve joins the deep petrosal nerve
to form the vidian nerve, which terminates in the SPG.
• Within the ganglion, the preganglionic fibers synapse
with their postganglionic cells and continue to the nasal
mucosa with a branch traveling with the maxillary nerve
to the lacrimal gland.
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Technique
♦ There are generally 3 approaches to block this ganglion:

• Transnasal application of topical anesthetic with a cot-

ton-tipped applicator to the nasopharyngeal mucosa
posterior to the middle terminate.
• Transoral approach with a curved dental needle up to
the sphenopalatine foramen through the posterior palatine canal.
• The lateral approach with a straight needle to the pterygopalatine fossa through the infratemporal fossa, also
known as infrazygomatic approach.
♦ Other approaches include a transnasal technique9,36 and an
endoscopic transnasal technique.7,38
Intranasal Approach

♦ The intranasal SPG block is a straightforward technique

that can be safely performed in an office setting.
• The location of the SPG in relation to the middle turbinate as well as the lateral nasal mucosa allows absorption of local anesthetic from a cotton-tipped applicator
inserted into the nare.
• Four percent cocaine is the local anesthetic of choice
secondary to its inherent vasoconstrictor property.
• If this is not available or there is a contraindication to
using cocaine, 1-2% lidocaine or 0.25-0.5% bupivacaine or ropivacaine can be used instead.
• If these are chosen, the practitioner can pretreat the
nares with Neo-Synephrine to produce vasoconstriction and decrease the incidence of epistaxis.
♦ Place the patient in the supine position.
• Estimate the depth of insertion by externally measuring
the distance from the opening of the nare to the mandibular notch below the zygoma.
• Place a mark corresponding to this depth on the shaft
of the cotton-tipped applicator.
♦ Place the applicator in the local anesthetic for several
minutes.
• Slowly insert the marked applicator into the nare and
advance in a line parallel to the zygoma.
• Angle the tip laterally. Do not advance the applicator
in a cephalad direction. The end-point should be the
depth marked on the applicator.
• Place a second applicator into the nare using the same
technique, except advance it approximately 0.5-1 cm
deeper and superior to the first applicator. If resistance
is encountered at any time, slightly withdraw and redirect the applicator.
• The second applicator is not a necessity and the nares
of some patients may not accommodate it.
• Leave the applicator(s) in for 30-45 minutes.
• Signs of a successful block of the SPG include ipsilateral tearing, conjuntival injection, and nasal congestion.
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• If the SPG is a pain generator or transmitter, analgesia

should also be apparent. If after 20-30 minutes there are
no signs of a block or the patient has not received any
pain relief, additional local anesthetic may be needed.
This is accomplished by trickling a small volume of
local anesthetic down the shaft of the applicator.
• Remove the cotton-tipped applicator(s) after 45 minutes even if there are no signs of a block or analgesia.
• If there are no signs of a block or analgesia, the SPG
may be too deep to be blocked by this technique, or is
not involved in the transmission of pain.
• Regardless, the infrazygomatic approach should be performed to rule out both scenarios above.
Infrazygomatic Approach

♦ The infrazygomatic approach to SPG blockade is a tech-

nically challenging block and should not be performed by
novices.
• This technique can be done with or without fluoroscopy or
with CT.40
• Fluoroscopic guidance is strongly recommended as
this will anecdotally improve the success of the block
and, the speed at which it is performed, and will
decrease potential complications.
• Depending on the patient, light sedation with midazolam and fentanyl can be used, but on occasion,
monitored anesthesia care may be necessary.
• Heavy sedation is sometimes needed for conventional
radiofrequency lesioning of the ganglion secondary
to the discomfort. For pulsed lesioning, heavy sedation is not required.
♦ Place the patient in the supine position.
• Sterilely prep and drape the appropriate side of the face.
• Begin with a lateral fluoroscopic image as this enables
one to visualize the pterygopalatine fossa, but one can
start with an anteroposterior (AP) image as well.
• Palpate the mandibular notch and anesthetize the skin
over this area with local anesthetic. If the notch is not
palpable secondary to body habitus, identify the notch
on the lateral fluoroscopic view.
• Identify the pterygopalatine fossa (appears as a “V”) on
the lateral image and superimpose the right and left fossae. This is accomplished by manipulating the C-arm or
the head. Keeping the head at midline and manipulating the C-arm is preferred.
♦ The block can be performed with a 4.5-inch, 22-gauge,
short-bevel needle with the distal tip bent at a 30° angle, or
with a curved, blunt, 10 cm, 20- or 22-gauge needle. The
latter is preferred and the description of the block reflects
the author’s choice.
• Anesthetize the skin and insert a 1.25-inch, 16-gauge
angiocatheter through the skin.
• Pass the block needle through the angiocatheter and
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advance it medial, anterior, and slightly cephalad.

♦ Obtain a lateral image to check the direction of the needle.
Your target is the midportion of the pterygopalatine fossa
(Fig. 4).
• Get an A-P view and advance the needle towards the
middle turbinate, stopping when the tip is adjacent to
the palatine bone (Fig. 4).
• If resistance is encountered at any point, withdraw and
redirect the needle. Given the small size of the fossa,
frequent A-P and lateral images are usually required to
redirect the needle.
• Once in the fossa, inject 0.5-1 mL nonionic, water-soluble
contrast to rule out intravascular spread and intranasal
placement of the needle.

A. Lateral radiographic view of the face.

C. Lateral image showing the direction of the needle near the
midportion of the pterygopalatine fossa.

Fig. 4. Needle placement for SPG block.

• Once correct placement has been confirmed, inject 2

mL of local anesthetic, with or without steroids.

♦ Vallejo et al27 described a CT-enhanced sphenopalatine

blockade technique.
• This technique describes simultaneous use of fluoroscopy and CT, using infrazygomatic approach.
♦ The patient is placed in the supine position and the Carm is rotated to obtain a lateral view. The patient’s head is
rotated until the rami of the mandible are superimposed.
• The pterygopalatine fossa is then fluoroscopically identified as a “reversed vase” structure (Fig. 5) when the
pterygopalatine plates are aligned.
• The zygoma is identified by palpation and a 25-gauge,
3.5-inch needle is inserted perpendicular to the skin

B. Illustrative view of the face.

D. A-P view of the needle advancing toward the middle
turbinate.
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and advanced toward to the pterygopalatine fossa following a medial cephalad dorsal direction.
• An AP fluoroscopic view must be constantly checked
to avoid the advancement of the needle through the
lateral nasal mucosa (Fig. 6).
• A slight turn of the tip of the needle can then be performed with CT guidance to precisely position the
needle tip within the fossa (Fig. 7).
• Thus, the accuracy, safety, and reliability of SPG
blockade can be improved by using simultaneous
real-time fluoroscopy and CT.

Fig. 6. AP fluoroscopic view with the tip of the needle
at the lateral wall of the nose. Courtesy of Vallejo R et al.26

Computed tomography-enhanced sphenopalatine ganglion
blockade. Pain Pract 2007; 7:44-46.

A.

B.

Fig. 5. A. Lateral fluoroscopic view, with the mandibles
aligned B. the pterygopalatine fossa is seen as an “inverted
vase” with the needle inside. Courtesy of Vallejo et al.26 Computed tomography-enhanced sphenopalatine ganglion blockade. Pain
Pract 2007; 7:44-46.

Fig. 7. Reconstructed CT image, showing the needle
inside the pterygopalatine fossa. Courtesy of Vallejo et al.26

Computed tomography-enhanced sphenopalatine ganglion
blockade. Pain Pract 2007; 7:44-46.
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Transnasal Approach

• The exposed needle tip is bent along the port side with

♦ The procedure is performed under fluoroscopy.

• This procedure may also be performed without

fluoroscopy.9

• The nasal cavity, between the middle and inferior tur-

binates, from the nares to the posterolateral wall of the
nasopharynx, is anesthetized topically with 1.5% lidocaine plus one in 200,000 epinephrine using cottontipped applicators.
• This passage is sterilized by an additional cottontipped applicator soaked with iodine solution.
• A 26-gauge, 5-inch spinal needle with its plastic coversheath is used for the transnasal injection.
• A needle with an indicator on the hub for the location of the needle tip side port is beneficial.
• Author recommends cutting the tip of the sheath
obliquely at 45° with a sterile scalpel to expose the needle tip approximately 2 mm (Fig. 8).
• The bevel of the cut must be marked on the other end
of the sheath.

•
•
•

•
•
•

a sterile needle-holder to form a 45° angle opposite to
the bevel of the sheath, so that the side port indicator on
the hub becomes a tip pointer (Fig. 8).
The needle is then withdrawn back in the sheath until
its tip disappears.
The needle-sheath assembly is lubricated with 2% lidocaine jelly, inserted into the anesthetized nasal meatus,
and advanced with a bevel mark facing laterally.
When the tip of the assembly comes in contact with
the posterolateral wall of the nasal pharynx, the needle
is pushed out through the sheath into the posterolateral nasopharyngeal mucosa with the tip pointer facing
laterally.
After negative aspiration, 1.5 mL of contrast is injected and fluoroscopy is observed on both AP and lateral
views.
Proceed if the needle tip is located near the posterolateral wall of the nasal cavity, medial to the medial pterygoid plate, at the level of the middle concha (Fig. 6).
Satisfactory contrast flow in the pterygopalatine fossa

A. Transnasal SPG injection needle-sheath assembly. A 26gauge, 5-inch spinal needle with its plastic cover sheath modified for injection: the tip of the sheath was cut obliquely at 45°
to expose the needle tip (2 mm), and the exposed needle tip
was bent 45° opposite the sheath bevel. The needle was withdrawn in the sheath until its tip disappeared before use.

B. Fluoroscopic views of the blocking needle and contrast flow.
On the AP view, the needle tip was located in the left nasal cavity
medial to the medial pterygoid plate of the sphenoid bone.

Fig. 8. Fluoroscopic transnasal sphenopalatine ganglion.

C. On the lateral view, x-ray contrast flow in the pterygopalatine fossa superoposterior to the left maxilla was shown without
vascular uptake (arrow).
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superoposterior to the left maxilla is shown without
vascular uptake (Fig. 8).
• Subsequently, 20 mg of triamcinolone and 1.5 mL of
local anesthetic is injected.
• The needle is flushed and removed.
• A dry cotton-tipped applicator is inserted down the
needle-sheath to assure no bleeding when the needle
is removed.
• Authors claim accuracy even without fluoroscopy.
♦ Windsor and Jahnke38 described a modification of the
transnasal technique.
• The patient is placed in the supine position with the
cervical spine extended.
• The anterior nares are inspected for polyps, tumors,
foreign bodies, or significant septal deviation.
• A small amount of 2% viscous lidocaine is instilled into
the nare(s) being treated, while the patient is inhaling, drawing the lidocaine towards the posterior nasal
pharynx, which lubricates and anesthetizes the mucous
membranes, making the procedure more comfortable.
• The new technique allows better control and quantification of the amount of medication reaching the posterior nasal pharynx.

A. A picture of the suggested SPG block device. Note that the cut
end of the tubing reaches the proximal end of the cotton tip of the
applicator and the infusion port lies immediately against the proximal tip of the applicator.

C. Lateral view of the SPG block device in place along the
middle turbinate to the nasopharynx.

Fig. 9. A modified transnasal SPG block technique.9
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• The new technique utilizes a standard intravenous

administration set, the tubing is unfurled, and the flow
regulator is moved tight against the distal Y-infusion
port (stop cock); a 3 mL syringe can be attached to the
port.
• The distal tubing is then measured against the 10 cm
cotton-tipped applicator.
• The length of the tubing is cut so that when the tubing is slid over the cotton-tipped applicator, the cut
end of the tubing reaches the proximal end of the
cotton tip of the applicator and the infusion port lies
immediately against the proximal tip of the applicator (Figs. 9A and 9B).
• The SPG block device is inserted through the ipsilateral
nostril along the middle turbinate to the nasal pharynx
in the case of an ipsilateral pain syndrome, or one nostril
at a time, ultimately injecting bilaterally when the pain
syndrome is bilateral.
• A syringe containing 2 mL of local anesthetic solution
is attached to the Y-infusion port and slowly injected
through the catheter cotton-tipped applicator set up
(Figs. 9C and 9D).
• Generally it has been noticed that dead space in the

B. A close-up picture of the suggested SPG block device. Note the
connection between the syringe, Y-infusion port, and cut tubing.

D. Oblique view of SPG block device in place along the middle
turbinate to the nasopharynx.
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tubing and the amount of solution to adequately wet
the cotton tip of the applicator is 0.5 mL. One-half
mL of treatment solution should be injected immediately to fill the dead space of the catheter and soak
the cotton tip of the applicator.
• The next 1.5 mL of treatment solution should be
injected over the next 5-10 minutes. This procedure reliably delivers 1.5 mL solution to the posterior pharynx, but has the added benefit of soaking
the cotton tip of the applicator so that up to 0.5 mL
of solution remains in contact with the nasopharynx
mucosa for the duration of the procedure.
• The applicator(s) are left in place for 20 to 30 minutes
and removed.
• This technique is considered to provide ease of a single applicator, which also provides increased patient
comfort, and prolonged application of the medication to the tissue over the SPG, and a controlled,
incremental infusion of local anesthetic to the target.
• However, there have not been any studies other than
case reports by the authors.36
Radiofrequency Lesioning

♦ After a successful diagnostic block, therapeutic interven-

tion can be planned.
• Two choices are available: conventional radiofrequency
lesioning (RFTC) and pulsed electromagnetic field
radiofrequency lesioning (P-EMF).
♦ An insulated RF needle with a 3- or 5-mm active tip is
placed using the infrazygomatic approach (Fig. 10).

A. SPG pulsed radiofrequency treatment: lateral fluoroscopic
imaging of the pterygopalatine fossa as an inverted vase.

Fig. 10. Pulsed radiofrequency of SPG.17

• Once in place, sensory stimulation is performed at 50

Hz up to 1V. If the tip of the needle is adjacent to the
SPG, the patient should perceive a paresthesia at the
root of the nose. Ideally, this should be obtained at less
than 0.5V.
• If the paresthesia is felt in the hard palate, the needle is
stimulating the palatine nerves and should be redirected
cephalad and medial.
• A paresthesia in the upper teeth indicates stimulation
of the maxillary nerve and the needle should be more
caudal and medial. Motor stimulation is not necessary.
• After appropriate sensory stimulation is achieved,
RFTC can be performed at 80°C for 90 seconds times
2 cycles.
• Before lesioning, 2-3 mL of local anesthetic should
be injected.
• To avoid inadvertent lesioning of other nerves around
the SPG, a 3 mm active tip is a better choice.
• For P-EMF, the size of the active tip is not important
as the electromagnetic field is projected from the tip
of the needle and not from the shaft. With P-EMF
lesioning, 2 to 4 (physician preference), 120-second
lesions are performed at 40-42°C. Local anesthetic is
not required for P-EMF.
• The choice of whether to do a RFTC or a P-EMF
lesion after a successful block is up to the discretion
of the pain practitioner.
♦ Shah and Racz8 provided a case report of long-term relief
of post-traumatic headache by SPG pulsed radiofrequency
lesioning.
• Fig. 11 illustrates the technical aspects.

B. SPG pulsed radiofrequency treatment: AP view with the
needle tip at the lateral wall of the nose and the superomedial
angle of the maxillary sinus.
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A. Lateral fluoroscopic image of face and landmarks: needle in
the pterygopalatine fossa.
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B. AP fluoroscopic image of face and landmarks: needle in the
pterygopalatine fossa.

Fig. 11. Illustration of pulsed radiofrequency lesioning of SPG.8

Precautions
♦ For any invasive pain management procedure, patients

taking anticoagulant therapy should receive special
consideration.47,48
• The benefit of the block must always outweigh the risk
of stopping the anticoagulant medicine.
• Consultation with the patient’s primary care physician
(PCP) is a must to protect the patient as well as the pain
practitioner.
• As a rule, prior to the procedure nonsteroidal, antiinflammatory drugs (NSAIDs) should be withheld for
4 days, aspirin for 7 to 10 days, clopidogrel for 7 to 10
days, and ticlopidine for 10 to 14 days.
• Patients taking Coumadin should stop it based on their
PCP’s recommendations and have a prothrombin time
(PT) drawn on the morning of the procedure.
• The inability to stop Coumadin is a contraindication
to performing the procedure.
• Patients taking heparin should receive the same consideration as those receiving Coumadin, but a partial
thromboplastin time should be obtained instead of a
PT.
• These are only guidelines and are by no means industry standards.
• At most, care must be applied considering the nature

of the procedure and the vital structures.

♦ SPG block requires expertise in interventional techniques

and fluoroscopy.
• In difficult cases, with inability to achieve successful
blockade under fluoroscopy, the use of CT scanning
may be advisable.
• Infection must be avoided.

Side Effects and Complications
♦ Blockade of the SPG is not a benign procedure.

• Infection can occur if proper aseptic technique is

breached.

• Epistaxis can occur if the practitioner is too aggressive

in placing the cotton-tipped applicators into the nasal
passage, or the needle penetrates the lateral nasal wall
while performing the infrazygomatic approach.
• Local hematoma formation is possible if the venous
plexus overlying the pterygopalatine fossa or the maxillary artery or one of its branches is punctured.
• Retro-orbital hematoma can also result for the same
reason.
♦ RFTC of the ganglion can cause transient hypesthesia or
anesthesia of the palate and pharynx.14,15
• Reflex bradycardia has also been reported with RFTC
of the ganglion.46
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Key Points
1. SPG blockade has a significant role in the treatment of refractory headache and facial pain.
2. Understanding the anatomy of the SPG is essential to shorten the time required to perform the block and to
reduce complications.
3. The use of fluoroscopy is highly recommended.
4. Sensory stimulation should produce a paresthesia at the root of the nose if the needle tip is on the SPG. This is
necessary prior to RFTC.
5. Complications and side effects are usually transient.
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Stellate Ganglion Block
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Laxmaiah Manchikanti, MD

Cervical sympathetic blocks are utilized as diagnostic,prognostic,
and therapeutic interventions. As diagnostic blocks, cervical sympathetic blocks identify the nature of the pain and determine if the pain
is responsive to sympathetic blocks or not. For prognostic purposes,
diagnostic cervical sympathetic blocks are helpful in identifying the
candidates and the potential side effects for patients scheduled for
neurolytic or surgical sympathetectomy. Cervical sympathetic blocks
have been used most extensively for therapeutic purposes.
The stellate or cervical sympathetic ganglion block is a
common point of anatomical interest to the interventional pain
management physicians. However, it is contended that blockade of the sympathetic chain or ganglia in the lower cervical
and upper thoracic region is incorrectly referred to as stellate
ganglion block.1 The stellate ganglion is present in only 80%
of the population;2-4 consequently, a correct term described
by some is lower cervical sympathetic block or upper thoracic
sympathetic block of a cervicothoracic sympathetic trunk/
block. The diagnosis and treatment of sympathetically mediated or maintained pain has relied on sympathetic nerve blocks
since first described in the 1920s.5
The history of the description of sympathetic nervous
system and sympathetic blocks dates back to Galen,6 who
provided one of the earliest historical of descriptions of the
sympathetic nervous system. He also introduced the concept
that “sympathy,” or communication, existed between parts of
the body.
Jonnesco2, in 1909, identified that sympathetic nerves transmit visceral pain to higher processing centers, and demonstrated
that lesioning the stellate ganglion relieved the pain of angina.7 In
1923, Kappis8 began to use paravertebral sympathetic blocks as
a treatment for severe pain in visceral pain syndromes, including
selective block of the sympathetic trunk of the stellate ganglion.
Soon after that, Brumm and Mandl9 in 1924 also reported
use of the stellate ganglion block. Leriche11 studied the function of stellate ganglion in the 1920s with a large group of
115

Fig. 1. The middle and inferior cervical ganglia of the
right side, viewed from the right. Note the proximity
of the inferior cervical and first thoracic ganglia, which
often fuse to form a cervicothoracic (stellate) ganglion.
Reproduced from Gray’s Anatomy, 39th ed. Standring, ©2005,
with permission from Elsevier.

soldiers injured in World War I. A few years later, in the early
1930s, the technique and indications of the sympathetic trunk
of the stellate ganglion block were established by White and
Sweet11 in the United States and Leriche10 and Fountaine in
Europe.
Though techniques have changed, needle systems have
improved, and various volumes of injectate have been described,
the basic approach of the stellate ganglion block retains its application, which is to attenuate the altered sympathetic nervous system. 1,12-16
The cervicothoracic or stellate ganglion is star-shaped
(stella meaning a star) collection of bodies resulting from the
union of the inferior cervical ganglion with the first thoracic
ganglion (Fig. 1).
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Indications

Pathophysiology

♦ The stellate ganglion block is useful in the diagnosis and

♦ The evolution of the nomenclature, conceptual understand-

treatment of a variety of painful conditions. It is performed
to treat painful conditions of the head, neck, most of the
upper extremities, and the upper thoracic dermatomes.
These conditions include:
• General:
• CRPS type I and II
• Pain of neuropathic origin
• Trigeminal neuralgia
• Sudeck’s atrophy
• Ménière’s Syndrome
• Postradiation neuritis
• Pain from CNS lesions
• Bell’s Palsy
• Acute (occasionally chronic) herpes zoster
• Atypical facial pain
• Vascular headaches
• Hyperhidrosis
• Quinine poisoning
• Sudden hearing loss
• Tinnitus
• Cardiac dysrhythmias.
• Vascular:
• Raynaud’s syndrome
• Frostbite
• Accidental intravascular injection of drugs (vasospastic mechanism)
• Vasospasm, nonspecific
• Occlusive vascular disease
• Embolic vascular disease
• Scleroderma
• Shoulder hand syndrome
• Stroke.
• Other:
• Schizophrenia
• Menopausal “hot flashes.”17
♦ Furthermore, indication for injection may include
an attempt to clarify diagnostic criteria elusive to
understanding.
• In this case, a stellate ganglion block might be diagnostic
and therapeutic, indicating peripheral neuropathy/sympathetically maintained pain without a clear diagnostic
presentation that might have remained unspecified.
♦ Contraindications include:
• Anticoagulation
• Nonaspirin antiplatelet therapy
• Pneumothorax
• Systemic or local infection
• Patient’s refusal
• Glaucoma
• Bradycardia
• Pregnancy (fluoroscopy).

ing, and management of complex regional pain syndrome
(CRPS), formerly known as reflex sympathetic dystrophy
(RSD) and causalgia, has not only been dynamic but has also
been controversial, leading to contentious arguments between
the proponents and opponents of this condition.7-16,19
• Well-known for over 200 years in the history of medicine, the established nomenclature for pain emanating
from or related to the sympathetic nervous system has
evolved in many stages with a multitude of names.
• Causalgia (1872),20 RSD (1943),21,22 sympathetically
maintained pain (1986),5 sympathetically independent
pain (1997), and CRPS (1995) encompass some of the
commonly used nomenclature.23-25
• Neuropathic pain has been confused with this
terminology.
• However, neuropathic pain essentially represents
heterogeneous conditions, which neither can be
explained by one single etiology nor by a particular
anatomic lesion.26
♦ Although RSD syndrome or CRPS and its existence is
supported by many proponents, opponents claim that RSD
is neither reflex, nor sympathetic, nor dystrophy.13,27-30
• It is argued that a diagnosis of RSD or CRPS type I is
invoked when the patient’s symptoms or pain are associated with sensory, motor, or vasomotor dysfunction
and the physician does not find an authentic testable
explanation.13
• In addition, a psychosomatic etiology is invoked.
• However, the literature has shown that patients suffering from, RSD or CRPS are not different from
patients suffering from other chronic pain problems
psychologically.13,16,23-25,30-34
♦ The International Association for the Study of Pain Committee on Taxonomy published clinical features consistently found in CRPS (Table 1).19,35
• To satisfy a diagnosis of CRPS type I (RSD), the clinical findings include regional pain, sensory changes (e.g.,
allodynia), abnormalities of temperature, abnormal
sudomotor activity, edema, and an abnormal skin color
that occurs after a noxious event.
• CRPS type II (causalgia) includes all the foregoing features in addition to peripheral nerve lesion.13,14,23
• However, the pathophysiology of these syndromes is
poorly understood.
• The definitions of CRPS types I and II contain exclusion criteria that prevent the inclusion of patients with
pain and clinical findings that are temporally proportionate anatomically and physiologically to an injury.
• Other conditions such as these that may constitute a
myofascial pain syndrome are also excluded.
• In addition, a diagnosis of CRPS would be precluded by
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the existence of any known pathology that would otherwise account for symptoms and signs present in the
distal parts of an extremity but outside the territory of
an injured nerve.
♦ To describe the pathogenesis of type I CRPS, many theories have been proposed, although none have proven
conclusive.7,36
• It is likely that the explanation may involve mechanisms
from several of the current theories.
• Some studies provide convincing evidence that an initial noxious injury in the periphery results in a state of
hyperexcitability in spinal cord neurons.37-39
• It is hypothesized that the fundamental abnormality in
CRPS type I is an ongoing nociceptor input that maintains the central state of hyperexcitability for prolonged
periods.40
• Thus, the principal difference between sympathetically
maintained pain and sympathetically independent pain
appears to be the mechanism of generation and maintenance of the nociceptor input to the spinal cord.
• In sympathetically maintained pain, the nociceptor
input is maintained by an interaction between primary
afferents and sympathetic efferents through an a-adrenergic mechanism, whereas, in sympathetically independent pain, the maintaining nociceptor input arises from
other causes, such as ongoing activity in a neuroma.40
• Thus, both peripheral and central mechanisms play significant roles in the pathophysiology of the syndrome.
• In addition, an interaction between primary afferents
and sympathetic efferents has been demonstrated in
several animal models of nerve injury.41,42
♦ Sympathetically maintained pain, by definition, is eliminated by an anesthetic blockade of the sympathetic efferents that serve the painful area.7,40-44
• Thus, in sympathetically maintained pain, stimulation of the severed distal end of the sympathetic chain
evoked pain in those diagnosed to have sympathetically
maintained pain, but similar stimulation in patients
with sympathetically independent pain did not evoke
pain.45
• Hence, these observations suggest that efferent sympathetic fibers rather than afferent fibers account for sympathetically maintained pain.
• It is also postulated that sympathetically maintained
pain results from exaggerated sympathetic efferent
activity that causes an increased release of norepinephrine in the painful region.46,47
• Thus, sympathetically maintained pain may be a receptor disease that arises from activation of receptors sensitive to norepinephrine.48,49
♦ Multiple psychological mechanisms have been proposed,
with evidence for and against.50-58
• Bruehl and Carlson50 and others51-55 concluded that
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Table 1. Revised diagnostic criteria for CRPS.
Clinical signs and symptoms:
1. Positive sensory abnormalities:
•
•
•
•

Spontaneous pain
Mechanical hyperalgesia
Thermal hyperalgesia
Deep somatic hyperalgesia

2. Vascular abnormalities:
•
•
•
•

Vasodilatation
Vasoconstriction
Skin temperature
Skin color changes

3. Edema and trophic changes:

• Swelling
• Hyper- or hypohidrosis

4. Motor and trophic changes:
•
•
•
•
•
•
•
•

Motor weakness
Tremor
Dystonia
Coordination deficits
Nail and hair changes
Skin atrophy
Joint stiffness
Soft tissue changes

Diagnosis of CRPS:
1. Clinical use:
One or more symptoms in 3 or more of the categories
AND one or more signs in 2 or more categories.
Sensitivity 0.84		
Specificity 0.60
2. Research use:
One or more symptoms in each category AND one or more
signs in 2 or more categories.
Sensitivity 0.704		

Specificity 0.96

Adapted from Stengel et al.35 Update on the diagnosis and management of complex regional pain syndromes. Adv Pain Manage
2007; 1:96-104.

psychological factors may influence development of
RSD through their effects on alpha-adrenergic activity.
• However, conclusions regarding etiological significance of these factors are not possible due to lack of
high-quality studies.
• Others56-58 have shown similar occurrence of psychological problems in patients with RSD and other pain
problems.
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Clinical Applications
♦ Similar to pathophysiology and nomenclature, the preva-

lence, diagnosis and management are contentious and
controversial.13,15,18,22,23,27-29,59
• Although there are many proposed theories explaining
both CRPS types I and II, the reliability and validity
of diagnostic tests applied in the diagnosis of the syndrome has been questioned.27-29
♦ There are no specific, scientifically valid treatments for
CRPS.
• They range from sympathetic ganglion blocks, intravenous
regional blocks, regional anesthesia and analgesia, physical
therapy, administration of a host of pharmacologic agents
and behavioral interventions, to surgical interventions, all
claiming success rates varying from 70% to 100%.22
♦ There are no prospective, well-controlled, long-term studies
to document the natural (untreated) course of this painful
condition or long-term treatment outcomes, indicating the
difficulty of conducting such studies in pain management in
general and the management of CRPS in particular.13
Prevalence

♦ It is extremely difficult to assess the prevalence of CRPS in

the general population or even to estimate the incidence or
prevalence of these conditions following trauma or surgery.
• Carron and Weller60 documented 123 patients who met
rigid criteria for RSD among 1,156 pain clinic patients
treated over a 22-month period, thus yielding a prevalence among pain patients of 10.7%.
• Pak et al61 reviewed the etiology of 140 patients with
RSD and found post-traumatic and postoperative etiology to be predominant.
• Kozin et al62 reported on a series of patients with RSD
in a rheumatology practice and also found traumatic
etiology to be predominant.
• Kleinert et al62 also examined the precipitating cause
in 560 patients and concluded that post-traumatic and
postoperative etiologies were predominant.
• Davis et al64 found that 68 of 540 rehabilitation patients
with hemiplegia were diagnosed as having “shoulderhand syndrome” with an incidence of 12.5% in this
group of patients.
• Veldman et al,65 in a large prospective study, examined
the symptoms and signs of civilian patients referred to
a tertiary surgery clinic in the Netherlands who were
diagnosed with RSD.
• This study showed a predominantly female to male
ratio.
• Allen et al,66 in a retrospective chart review, described the
demographics and health care utilization of CRPS in 134
patients referred to a tertiary pain clinic in the US.
• However, they failed to provide epidemiologic data.

• Hooshmand and Hashmi15 reviewed the records of 824

patients with CRPS over a period of 5 years, describing
diagnosis and therapy; however, once again they were
unable to provide any epidemiologic data.
• Duman et al67 reviewed 168 patients managed in 2 tertiary hospitals with a diagnosis of RSD that was made
according to both IASP criteria and 3-phase bone scan.
• The upper limb was affected 1.5 times as commonly
as the lower limb.
• Of the 168 cases, 10.7% were nontraumatic.
• In 89% of the patients, RSD developed after a traumatic incident predominately of fracture, whereas in
76% of the patients, it developed due to job-related
injuries.
• de Mos et al68 evaluated the incidence of CRPS in a retrospective cohort study during 1996 to 2005 in the integrated primary care information project, a general practice research database with electronic patient record data
from 600,000 patients throughout the Netherlands.
• The estimated overall incident rate of CRPS was
26.2 per 100,000 person-years (95% CI: 23.0-29.7).
• They also showed that females were affected at least
3 times more often than males, with the highest incidence occurring in females 61 to 70 years.
• The upper extremity was affected more frequently
than the lower extremity and a fracture was the most
common precipitating event (44% of the cases).
• Sandroni et al69, in a population-based study on CRPS
Type I, reported an incidence of approximately 5.5
per 100,000 person-years at risk and an occurrence of
approximately 21 per 100,000 person-years.
• Gellman et al70 reported that CRPS Type I develops
more often than CRPS Type II and estimated incidence rates for CRPS Type I of 1% to 2% after fractures, 12% after brain lesions, and 5% after myocardial
infarction.71
♦ O’Brien et al71 described 60 patients with a diagnosis of
RSD of the knee with an average follow-up of 2 years.
♦ Teasell et al71 reported RSD involving 3 limbs in a case
study.
♦ Mailis-Gagnon et al73 reported characteristics and period
prevalence of self-induced disorder in patients referred to
a pain clinic with a diagnosis of CRPS.
• Out of 175 consecutive neuropathic pain referrals over
a 2-year period, 41 were specifically referred as CRPS.
• Application of (modified) 1994 International Association for the Study of Pain (IASP) CRPS criteria confirmed the diagnosis of CRPS in 11 of 15 men and 15
of 26 women.
• Four of the 15 women had evidence of active selfinduced signs and symptoms of ligation of a limb,
ulcerations, and bizarre migrating wounds, which abated with casting, strict observation, discussion with the
patient, or other intervention.
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Diagnosis

♦ The differential diagnosis of upper extremity pain is exten-

sive, complex, and controversial.35
• Typical disease entities of the upper extremity result
from prolonged exposure to nociceptive activity, either
from external or internal sources.
• Vasospastic disorders (such as Raynaud’s disease), or
vaso-occlusive disorders (such as Buerger’s disease),
sympathetically mediated painful conditions (including post-traumatic injuries, shoulder hand syndrome)
or cryptogenic disorders (such as atypical face pain), are
occasionally encountered in a pain practice.
• Even less common but responsive incidents such as
frostbite and embolic event may respond to this immediate intervention by blocking the cervical ganglion.
♦ Imaging technologies have not been of consistent benefit
as a diagnostic assessment (Table 2).
• Three-phase bone scans may be occasionally helpful but
may also reflect the diffuse atrophy of an extremity that
is too painful to move.
• Thermography can show variable responses (hypoemia
or hyperemia), especially early in the course of the disease, reflecting vasomotor instability.
♦ PNCV/EMG is used as a diagnostic test for CRPS and
neuropathy but is unreliable.
♦ Because of accepted pathophysiological mechanisms for
CRPS Type I, the diagnosis is based on observation and
measurement of clinical symptoms and signs (Table 1).
• Three sets of diagnostic criteria are available: those of
IASP,19 Bruehl and Carlson,50 and Veldman et al.65
• As per IASP criteria, to satisfy a diagnosis of CRPS
type I (RSD), the clinical findings include regional pain,
sensory changes (e.g., allodynia), abnormalities of temperature, abnormal pseudomotor activity, edema, and an
abnormal skin color that occurs after a noxious event.
• For CRPS Type II (causalgia) the clinical findings include all of the above features, in addition to
peripheral nerve lesion.18
• Veldman et al65 described signs and symptoms of RSD
in 829 patients, which included the observation of a
limited number of signs of inflammation, in combination with 2 criteria describing the disproportionate
character of the complaint.
• In this study, pain was present in 93% of patients,
hypoesthesia in 69% of the patients, and hyperpathia
was present in 75% of the patients. Further, tremor
was found in 49% and muscular incoordination in
54% of the patients.
• Sympathetic signs such as hyperhidrosis were infrequent and therefore had no diagnostic value.
• Bruehl et al’s74 criteria are a further specification of the
IASP criteria, in which an explicit distinction is made
between features of sensory, vasomotor, pseudomo-
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Table 2. Diagnostic tests for CRPS.
Test

Sensitivity

Specificity

Plain radiograph
(only chronic stages)

73

57

Bone scan
(only acute stages)

97

86

High

Low

Temperature differences (during
sympathetic stimulation)

76

93

Magnetic resonance imaging (e.g.
skin, joints)

91

17

Quantitative sensory testing

Adapted from Stengel et al.35 Update on the diagnosis and management of complex regional pain syndromes. Adv Pain Manage 2007;
1:96-104.

tor-edema, and motor-trophic nature reported by the
patient (symptoms), and those observed by the physician (signs).
• The internal validity of Bruehl et al’s74 criteria were
addressed by Harden et al.75
• Only the IASP criteria set is officially recognized to
be used for formal diagnosis of CRPS Type I; Veleman et al’s and Bruehl et al’s criteria set are considered
experimental.74
• However, Perez et al76 believed that they can be considered more clinically valid than the IASP criteria.
♦ Perez et al76 made a comparison among 3 sets of diagnostic criteria based on patient reports and physician’s assessments of signs and symptoms associated with CRPS type
I in 372 outpatients.
• Agreement between CRPS type I diagnosis among the
3 sets was poor, leading to positive CRPS diagnosis
according to Veldman et al’s65 criteria in 218 cases, that
is 59%, according to the IASP in 268 cases (72%), and
according to Bruehl et al74 in 129 cases (35%).
• They reported significant differences in patient profiles
between the diagnostic tests for the number of patients
reporting continuing disproportionate pain, larger area
affected than the initial trauma, increase of symptoms
due to exercise, edema, temperature asymmetry, hyperesthesia, allodynia, and hyperalgesia.
• They also noted significant differences for physicians’
observations of hyperesthesia and allodynia.
• They reported highest combined values of sensitivity
and specificity for reported hyperesthesia, allodynia,
observed color asymmetry, hyperesthesia, temperature
asymmetry, and edema.
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• Thus, the lack of agreement between the different

♦

♦

♦

♦

♦

diagnostic sets for CRPS type I and the different
clinical profiles that result from the diagnosis based
on various criteria may lead to different therapeutic
and study populations and may also affect the way
these patients are managed.
Cervical sympathetic blocks are frequently utilized for the
diagnosis and management of CRPS. Sympathetic blockade is considered by some as the “gold standard” for the
diagnosis, specifically for sympathetically maintained pain.
• Blockade of the sympathetic nervous system interrupts
nociceptor visceral and somatic afferents and vasomotor, sudomotor, and visceromotor fibers.
In the absence of any clinical trial to demonstrate the relative efficacy of somatosensory conduction blocks with
sympathetic blockade, there is a historical preference to
use phentolamine infusion.
Controlled local anesthetic blocks have not been performed to evaluate the value and validity of cervical sympathetic blocks with local anesthetics.
• Performing the cervical sympathetic blockade under
appropriate controlled conditions with fluoroscopy
and contrast injection may provide more valuable
information than a blind approach.
Determination of the adequacy or completeness of the
sympathic block is difficult and contentious. Thus, e confirmation of complete sympathetic blockade is not well
defined.
• Extensive discussions and descriptions have been
advanced on numerous tests, with some developing
criteria composed of 4 elements of change necessary to
confirm complete sympathetic block to the arm.77-81
• A Horner’s syndrome
• Skin temperature rise to 34° or higher
• Greater than 50% increase in skin blood flow
• Complete abolition of skin resistance response
• Capillary blood flow changes, abolition of sympathetically induced vasoconstriction, and temperature
responses, have been described with phentolamine
infusions to validate dosing for sympathetic block.80
• However, the phentolamine may not provide predictive value for sympathetically maintained pain as
initially described, since dosing of 0.5 mg per kg was
inadequate. Furthermore, even at doses higher than
one mg per kg, the block was still incomplete.79
• Consequently, it is believed that use of diagnostic
infusions of phentolamine may be give a high rate
of false-positive responses, suggesting the presence
of sympathetically mediated pain in patients while
instead attaining analgesia from unrecognized
actions of the drug.77
Controlled diagnostic blocks have not been well studied
for sympathetic interruption, while these have been well

studied in other settings.82
• False-positives are difficult to evaluate with sympathetic blocks.
• In addition, placebo responses to sympathetic trunk
injection has not been critically ascertained for CRPS
disorders.77
• Proponents of sympathetic blockade argue the dramatic differences when comparing responses over
time, with the relief lasting for days with local anesthetic blocks, compared to only hours for the placebo control.83,84
Local Anesthetic Blocks

♦ Local anesthetic blockade of cervical sympathetic chain is
widely used to diagnose and treat RSD and causalgia.

♦ Cepeda et al85,86 performed 2 meta-analyses on the effect

of sympathetic blockade with local anesthetics in patients
with CRPS.
• In the first meta-analysis,85 they reported that up to
44% of those injected, sympathetic blockade could be
expected to have no relief.
• This estimate was obtained from pooling the results
of observational studies due to the lack of randomized controlled trials in the English language.
• Cepeda et al,86 in an updated local anesthetic sympathetic blockade for CRPS for Cochrane reviews in
2007, included the studies involving all languages.
• They found 2 randomized, double-blind crossover
studies by Verdugo et al87 and Price et al88 which met
inclusion criteria.
• Price et al88 studied 7 adult subjects with CRPS of
upper or lower extremities and performed stellate
ganglion blockade with normal saline or with bupivacaine 0.125%. While both treatments were similar
with the results, the duration of pain relief was longer
when patients received local anesthetic with a median duration of relief of 5½ days versus 6 hours when
saline was administered.
• Verdugo et al87 also studied 16 adult patients with
CRPS of upper extremity with symptoms of less
than 3 months of duration, performing the stellate
ganglion blockade with either normal saline or with
bupivacaine 0.125%.
• They reported better results with bupivacaine with
12 of 16 patients with 50% of pain relief while receiving bupivacaine versus 8 patients of 16 while receiving normal saline.
• Further, they also reported that at 48 hours, 5 patients
of 16 when receiving local anesthetic obtained pain
relief, versus 8 patients of 16 when receiving normal
saline.
• Cepeda et al86 concluded that the systematic review
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revealed the scarcity of published evidence to support
the use of local anesthetic sympathetic blockade as the
“gold standard” treatment for CRPS.
♦ Kingery59 reviewed controlled clinical trials for peripheral
neuropathic pain and CRPS.
• There were no placebo-controlled trials that evaluated
either local anesthetic blocks of sympathetic ganglia or
surgical sympathectomy.
♦ Quisel et al89 evaluated the role of various techniques in
managing CRPS and concluded that therapies to avoid
due to lack of efficacy, lack of evidence, or a high likelihood
of adverse outcomes are intravenous regional sympathetic
blocks with anything but bretylium, sympathetic ganglion
blocks with local anesthetics, systematic intravenous sympathetic inhibition, acupuncture, and sympathectomy.
♦ Perez et al90 performed a research synthesis of 21 randomized clinical trials in managing RSD . This study included
only one stellate ganglion block study compared to guanethidine in a parallel, open design.89
• Bonelli et al91 showed that intravenous regional sympathetic block with guanethidine provided better and
longer lasting pharmacological effects than stellate
ganglion block, concluding that therapeutic effects of
4 guanethidine blocks were comparable to those of 8
stellate ganglion blocks.
Therapeutic Interventions

♦ Stanton-Hicks et al23 described the guidelines for therapy

of CRPS.
• These included pharmacologic management with
nonsteroidal anti-inflammatory drugs, opioids, tricyclic and heterocyclic antidepressants, membrane stabilizers, corticosteroids, calcitonin bisphosphonates,
capsaicin, and adrenergic drugs; physical therapy with
reactivation, contrast baths, desensitization, increase of
flexibility, edema control, peripheral electrical stimulation, isometric strengthening, gentle range-of-motion
exercises, isotonic strengthening, aerobic conditioning, and ergonomics; regional anesthetic techniques to
provide sympatholysis, either by phentolamine infusion or regional anesthetic sympathetic blocks; neuromodulation with spinal cord stimulation or peripheral
nerve stimulation; and psychiatric and psychological
measures.
♦ Day18 evaluated the evidence for stellate ganglion blocks
utilizing the grading recommendations provided by Guyatt
et al.92
• Based on the literature search, 13 articles were available, of which 11 were included in the evidence
synthesis.88,93-102
• Day18 included in the analysis 4 case reports, 5 case
series, one retrospective study, and one prospective,
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double-blinded, placebo-controlled study.

• Listed indications for the stellate ganglion block or

neurolysis were:
• RSD of the face and upper extremity
• Facial causalgia
• Phantom tongue pain and causalgia
• Cluster headaches
• Postherpetic neuralgia
• Vasospastic disorders.
• Reported complications included:
• Bleeding
• Infection
• Neuraxial injection
• Intravascular injection
• Pneumothorax
• Nerve damage.
• All the studies were given a 1C grade providing
strong recommendation, low-quality or very low-quality evidence, with benefits clearly outweighing the risk
and burden, or vice versa, with supporting evidence
obtained from observational studies or case series, and
with an implication of strong recommendation which
may change when higher-quality evidence becomes
available.88,93-102
• The study by Price et al88 was also provided with a grading of 1C even though it was prospective, double-blinded, and placebo-controlled, due to inclusion of only 4
patients.
• Table 3 gives a summary of studies on stellate ganglion
blocks with local anesthetic and neurolysis.
♦ Radiofrequency neurolysis is an extension of a continuous
regional sympathetic block or a neurolytic injection providing long-term relief with added safety.13
• Percutaneous radiofrequency is a procedure for longterm interruption of the sympathetic chain, which
involves less morbidity than open surgical techniques or
chemical neurolysis or continuous sympathetic blocks
or neural augmentation techniques with either spinal
cord stimulation or peripheral nerve stimulation.
♦ Sluijter103 reported that the radiofrequency of cervical sympathetic chain was most helpful in a number of patients
suffering with pain due to sympathetic involvement, and
also in a number of miscellaneous conditions such as
post-traumatic dystrophy, intractable cardiac angina, and
residual pain after cordotomy for a Pancoast tumor, and
Raynaud’s Disease.
♦ Forouzanfar et al93 reported more than 50% reduction of
pain in 41% of the patients, whereas 55% of the patients
received no effect and almost 5% of the patients showed
worsening of pain with a mean follow-up interval of 52
weeks.
• They concluded that the effectiveness of radiofrequency
of stellate ganglion seems to be in line with that of other
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Table 3. Summary of published studies on stellate ganglion block and neurolysis.
Authors
Price et al88

No. of
Patients

Grade of
Recommendation

CRPS

4

1C

Study Type
DB, PC

Diagnosis

Forouzanfar et al93

RR

CRPS I & II, post-traumatic HA, central pain,
ischemic pain, deafferentation pain, atypical
facial pain, postherpetic neuralgia

86

1C

Racz and Holubec102

CS

RSD, vasospastic disorders, CA, phantom limb

24

1C

Kastler et al101

CS

RSD

7

1C

Milligan and Nash100

CS

Postherpetic neuralgia

77

1C

Ackerman and Zhang99

CS

CRPS I

25

1C

Albertyn et al98

CS

Cluster

11

1C

Arden et al97

CR

RSD face

2

1C

Jaeger et al96

CR

RSD face

2

1C

Khoury and Kennedy95

CR

Facial causalgia

1

1C

Hanowell and Kennedy94

CR

Phantom tongue pain, causalgia

1

1C

CR, case report; CS, case series; RR, retrospective review; DB,PC, double-blinded, placebo-controlled; CRPS, complex regional pain
syndrome; HA, headache; CA, cancer; RSD, reﬂex sympathetic dystrophy.
Adaped and modified from Day M.18 Sympathetic Blocks: The Evidence. Pain Practice 2008; 8:98-109.

stellate ganglion blockade procedures reported in the
literature. Further, they concluded that radiofrequency
is most likely to be of benefit for patients suffering from
CRPS Type II, ischemic pain, cervicobrachialgia, or
post-thoracotomy pain.
• Wilkinson104 reported results of 148 unilateral or bilateral upper thoracic sympathectomies in 110 patients
using a percutaneous radiofrequency technique.
• Indications included hyperhydrosis, vascular occlusion,
Raynaud’s disease or other chronic vasculopathies,
painful causalgia or RSD, or Prinzmetal’s angina.
• He reported success in more than 90% of the
procedures.
• He also reported symptomatic pneumothorax in 6
patients as the only serious complication.
• Gofeld and Faclier,105 reported in a case report. bilateral pain relief after unilateral thoracic percutaneous
sympathectomy.

Anatomy
Posterior Triangle of the Neck

♦ The posterior triangle is delimited anteriorly by the ster-

nocleidomastoid, posteriorly by the anterior edge of the trapezius, and inferiorly by the middle third of the clavicle.106
• Its apex is between the attachments of the sternocleidomastoid and the trapezius to the occiput is often blunted so that the “triangle” becomes quadrilateral.76
• The muscles forming the floor of the posterior triangle
constitute the anterior and lateral groups of the prevertebral musculature (Fig. 2).
♦ The superior cervical ganglion is the largest of the 3
ganglia.
• It lies on the transverse processes of the second and
third cervical vertebrae and is probably formed from 4
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Fig. 2. A dissection to show the prevertebral region and the superior mediastinum. On the right, the costal elements of the
upper 6 cervical vertebrae have been removed to expose the cervical part of the vertebral artery. On the left, most of the
deep relations of the common carotid artery and the internal jugular vein are exposed.
Reproduced from Gray’s Anatomy, 39th ed. Standring, ©2005, with permission from Elsevier.

fused ganglia judging by its gray rami to C1 to C4.79,84

♦ The middle cervical ganglion is the smallest of the 3, and
is occasionally absent, in which case it may be replaced by
the small ganglia in the sympathetic trunk or may be fused
with the superior ganglion.
• It is usually found at the level of the sixth cervical vertebra, anterior or just superior to the inferior thyroid
artery, or it may adjoin the inferior cervical ganglion.
• It represents a coalescence of the ganglia of the fifth and
sixth cervical segments.
• It is connected to the inferior cervical ganglion by 2 or

more very variable cords.
• The posterior cord usually splits to enclose the
vertebral artery, while the anterior cord loops
down anterior to, and then below, the first part of
the subclavian artery, medial to the origin of its
internal thoracic branch, and supplies the rami to
it.
• This loop is the ansa subclavia and is frequently
multiple, lies closely in contact with the cervical pleura and typically connects with the phrenic
nerve, and sometimes with the vagus.
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A. The middle and inferior cervical ganglia of the right side, viewed
from the right. Note the proximity of the inferior cervical and first
thoracic ganglia, which often fuse to form a cervicothoracic (stellate)
ganglion.

B. The middle and inferior cervical ganglia of the
right side, anterior view. Part of the vertebral artery has been excised to show the inferior cervical
ganglion.

Fig. 3. Anatomy of cervical sympathetic ganglion.

Reproduced from Gray’s Anatomy, 39th ed. Standring, ©2005, with permission from Elsevier.

Cervical Sympathetic Trunk

♦ The cervical sympathetic trunk lies in the paravertebral

fascia behind the carotid sheath and contains 3 interconnected ganglia, the superior, middle, and inferior (stellate
or cervicothoracic).106
• However, there may occasionally be 2 or 4 ganglia.
• The cervical sympathetic ganglia send gray rami communicantes to all the cervical spinal nerves but receive
no white rami communicantes from them.
• Their spinal preganglionic fibers emerge in the white
rami communicantes of the upper 5 thoracic spinal nerves (mainly the upper 3), and ascend in the
sympathetic trunk to synapse in the cervical ganglia.
In their course, the gray rami communicantes may
pierce longus capitis or scalenus anterior.

Cervicothoracic or Stellate Ganglion

♦ Cervicothoracic or inferior ganglion is named stellate
ganglion based on its star-shaped (the L. stella, a star)
appearance resulting from the union of the inferior cervical ganglion with the first thoracic ganglion (Fig. 3).107
• The stellate ganglion is irregular in shape and much
larger than the middle cervical ganglion.
• It is probably formed by a fusion of the lower 2 cer-

vical and first 2 thoracic segmental ganglia, sometimes
including the second and even third and fourth thoracic
ganglia.106
• Anatomically, the first thoracic ganglion may be separate, leaving an inferior cervical ganglion above it.
• In approximately 80% of people, the inferior cervical ganglion fuses with the first thoracic ganglion to
form the stellate ganglion.1-4
♦ The star-shaped stellate ganglion lies anterior to the transverse process of the C7 vertebrae, just superior to the neck
of the first rib on each side and posterior to the origin of
the vertebral artery (Fig. 4).
• Some postsynoptic fibers from the ganglion pass via
great communicating branches to the anterior rami
of the C7 and C8 spinal nerves (roots of the brachial
plexus), and others pass to the hardware of the inferior cervical cardiac nerve (the cardiopulmonary splenic
nerve), which passes along the trachea to the deep cardiac plexus.107
• Other fibers pass via arterial branches to contribute
to the sympathetic periarterial nerve plexus around
the vertebral artery running into the carotic cavity.
♦ The cell bodies of the preganglionic nerves originate in
the anterior lateral horn of the spinal cord at the T2 to T8
(and occasionally T9) but exit to the head and neck with
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Fig. 4. Anatomy of cervical sympathetic ganglion.

Reprinted with permission from Clinically Oriented Anatomy. Moore & Dalley, 2006, Lippincott Williams & Wilkins: Philadelphia, PA.

the ventral roots at T1 and T2, and then travel cephalad
with the white communicating rami as they join the sympathetic chain, to synapse at the inferior, medial, or superior cervical ganglion (Fig. 5).
• The stellate ganglia are separated by loose areolar tissue from
the posterior osseous structures, which facilitates the spread
of local anesthetic when deposited near the ganglia.1-4
• This anatomic feature explains the spread of local
anesthetic to nearby structures, which are not related
to the sympathetic ganglia (such as brachial plexus) resulting in false-positive response to stellate
ganglion.
• Posterior to the stellate ganglion lies the neck of the
first rib and the transverse process of C7 vertebrae,
with the paravertebral fascia and the interspace fascia
between these 2 structures.3,4
• The ansa subclavia is a branch of the stellate ganglion
that loops around the subclavian artery and reconnects again with the intermediate cervical sympathetic
ganglion.1

Fig. 5. A schematic diagram (cross sectional view) of the
cervical spine showing the site for stellate ganglion block at
C6 and C7 levels (arrows).
Reproduced from Abdi et al12 with permission from the authors
and the American Society of Interventional Pain Physicians.
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Technique
Anatomic Considerations

♦ Knowledge of the relevant anatomy of the stellate gan-

Fig. 6. A schematic diagram (anterior view) of the cervical spine showing the site for stellate ganglion block at
C6 and C7 levels (arrows). Reproduced from Abdi et al12

with permission from the authors and the American Society of
Interventional Pain Physicians.

• The inferior cervical cardiac nerves arise from the

medial aspect of the stellate ganglia and ansa subclavia and descend along the subclavian artery to join
the cardiac plexus, which explains multiple cardiac
effects including bradycardia.1
• The postganglionic fibers can either follow the carotid arteries (both internal and external) to the head, or
can combine with the gray communicating rami before
joining the cervical plexus or the upper cervical nerves
to enervate the neck structures.
♦ In appropriately 20% of patients, a group of fibers bypass
the stellate ganglion and innervate the distal hand, separate from the stellate ganglion.
• These fibers, identified by Kuntz in the 1920s, are felt to
be responsible for the clinical finding of a technically adequate stellate ganglion block in the distal upper extremity
that does not produce pain relief in the distal hand.1,67
• These fibers may need to be blocked separately at the
level of T2-3.

glion and its complex interrelationship to the paracervical
region extends into the thoracic region.
• The site of the block often influences the response of
the upper extremity, and directly affects outcome.
♦ The stellate ganglion is a 3-dimensional structure that is
bordered medially by the longus colli muscle, laterally by
the scalene muscles, and anteriorly is approximated by the
subclavian artery (Fig. 6).
• Posteriorly, the space is bound by the transverse process
of the paravertebral fascia, and the inferior aspect is bordered by the pleura (Figs. 4 and 7).
• Clinically relevant to the injectionist is the close approximation of vital structures such as the carotid artery,
which lies anterior to the stellate ganglion, originating
from the subclavian artery.
• The phrenic nerve, the recurrent laryngeal nerve, vertebral artery, and the subarachnoid space of the central
nervous system are within easy access of a needle tip as
well.
• The vertebral artery leaves the subclavian artery, and
travels anterior to the stellate ganglion; after passing
over the ganglion, the artery enters the vertebral foramen, and lies behind the C6 tubercle, in a position safer
from the injectionist’s needle.
• The pleura, lying just inferior and lateral to the stellate
proper at C7, is at risk for needle punctures, which is of
particular importance to those with advanced lung disease, or suffering from a Pancoast’s tumor of the lung.
• Although its shape is inconsistent, the stellate commonly measures about 2.5 cm long, one cm wide, and
about 0.5 cm thick.
• The bony landmarks are important for both the blind
and fluoroscopic-assisted techniques.
• The transverse process of C6, Chassaignac’s tubercle,
is palpable lateral to the cricoid cartilage and forms
the basis of the anatomical localization of the blind
technique.
• The transverse process of C7 and the vertebral body
form the landmark for fluoroscopic guidance.
• The thoracic ganglion, which may lie over the transverse process of T1 and T2, contributes to the stellate
ganglion.
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Superior Attachment

Anterior verterbral muscles

Inferior Attachment
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Innervation

Longus colli

Anterior tubercle of C1
Bodies of C5-T3 vertebrae;
vertebra (atlas) : bodies of C1
transverse processes of C3- C3 and transverse processes
C5 vertebrae
of C3-C6 vertebrae

Longus capitis

Basilar part of occipital bone

Anterior tubercles of C3-C6
transverse processes

Rectus capitis
anterior

Base of skull, just anterior to
occipital condyle

Anterior surface of lateral
mass of atlas (C1 vertebra)

Anterior scalene

Transverse proceses of C4C6 vertebrae

1st rib

Cervical spinal nerves
C4-C6

Rectus capitis
lateralis

Jugular process of occipital
bone

Transverse process of atlas
(C1 vertebra)

Splenius capitis

Inferior half of nuchal
ligament and spinous
processes of superior six
thoracic vertebrae

Branches from loop
between C1 and C2
spinal nerves

Lateral aspect of mastoid
process and lateral third of
superior nuchal line

Posterior rami of
middle cervical spinal
nerves

Levator scapulae

Posterior tubercles of
transverse processes C1-C4

Superior part of medial
border of scapula

Dorsal scapular nerve
C5 and cervical spinal
nerves C3 and C4

Lateral vertebral muscles

Middle Scalene
Posterior scalene

Posterior tubercles of
transvers processes of C4-C6
vertebrae

Superior survace of 1st
rib; posterior groove for
subclavian artery
External border of 2nd rib

Anterior rami of C2C6 spinal nerves
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Main Action (s)
Flexes neck with rotation
(torsion ) to opposite side if
acting unilaterallya

Anterior rami of C1C3 spinal nerves
Brances from loop
between C and C2
spinal nerves

Anterior rami of
cervical spinal nerves
Anterior rami of
cervical spinal nerves
C7 and C8

Flex headb

Flexes head and helps
stabilize itb
Laterally flexes and rotates
head and neck to same side;
acting bilaterally, extend head
and neckc
Elevates scapula and tilts its
glenoid cavity inferiorly by
rotating scapula

Flexes neck laterally;
elevates 1st rib during forced
inspirationa

Flexes neck laterally; elevates
2nd rib during forced
inspirationa

Flexion of neck = anterior (or lateral) bending of cervical vertebrae C2-C7; bFlexion of head = anterior (or lateral) bending
of the head relative to the vertebral column at the atlanto-occipital joints; cRotation of the head occurs at the atlantoaxial joints.
a

Fig. 7. Description of paravertebral muscles in the neck.

Reprinted with permission from Clinically Oriented Anatomy. Moore & Dalley, 2006, Lippincott Williams & Wilkins: Philadelphia, PA.
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• Inconsistent contributions to the upper extremity

include the T2 and T3 gray rami (Kuntz fibers).
• Kuntz fibers are blocked by the posterior approach,
requiring the patient to be in prone position.
• The risk of pneumothorax by this approach (especially
in inexperienced hands) may be significant.
♦ Multiple studies have shown that blockade at the level of
C6 vertebra produced more successful sympathetic blockade to the head and neck with less success of sympathetic
blockade to the upper extremities, compared to sympathetic blockade at the level of C7 vertebra which produces successful sympathetic blockade of upper extremity.79,108-110
• Elias110 described that a sympathetic blockade at the
level of T2-3 using either the posterior approach or the
anterior modified approach would be more appropriate
for upper extremity blockade.78,111-113
Local Anesthetic

♦ Any local anesthetic can be used; however, Elias1 believes

that a long-acting agent is preferable, proving long-lasting
benefit from the block.
• Anecdotal evidence shows that most interventionalists
use lidocaine instead of bupivacaine.
• This block may be repeated twice using a lower volume of 2 different local anesthetic agents with a variable
duration of action to see if the response is comparable
with the duration of the local anesthetic, similar to controlled comparative local anesthetic blocks studied in
other settings.82
• With the use of a small volume of one to 2 mL of local
anesthetic, interventionalists can predict the response
more accurately to radiofrequency ablation or pheno;
chemical ablation to the sympathetic ganglia.1,113,114

Clinical Signs of Successful Stellate Ganglion Block

♦ The classic descriptions of a successful stellate ganglion

block include the following:1,116-125
• Horner’s syndrome
• Ptosis (drooping of the upper eyelid)
• Myosis (constricted pupil)
• Enophthalmos
• Retraction of eyeball into the bony orbit
• Guttman’s Sign — the presence of a stuffy nose and
increased surface temperature on the ipsilateral side of
the block may also be present soon after the blockade is
performed.126
• However, anhydrosis and presence of a stuffy nose
may be present without total sympathetic blockade.
• Examination of the upper extremity shows swelling
of the veins in the presence of a successful sympathetic block.

• Multiple indicators have been described to evaluate

effective sympathetic block. These are related to sympathetic function, blood flow, and pain relief after a stellate
ganglion block.126
• Tests of sympathetic function include skin conductance response, various sweat tests and skin
plethysmography.
• Tests of blood flow are described with clearance techniques, ultrasound flow measurements, and distal perfusion pressure.
• Dilation of the veins in the upper extremity is
inconclusive.3,93
• Elevation of the temperature by one to 3° is typically
indicative of sympathetic blockade.79,108-110
• However, skin temperature is really a balance
between the sympathetic vasoconstriction from
norepinephrine release and the gradual dilatation
from the release of peptides from nociceptors during adrenergic activity, thus the temperature changes
will depend on the combined contribution of these
2 opposing forces.
• Other techniques include measurement of skin resistance or sympathogalvanic response.
• Skin resistance response and skin resistance level
were measured following sympathetic blockade to
determine complete sympathectomy.
• The sympathetic nerve block will lead to increased
skin resistance.
• Complete sympathetic blockade also is predicted by
pulse-amplitude changes, which, however, are difficult
to quantify.117
• The sweat test with ninhydrin, cobalt blue, and iodinestarch test are cumbersome and time-consuming, and
not well accepted by patients and physicians.78
• Plethysmography and electromagnetic flow have also
been utilized.
♦ Pain relief is considered the hallmark of the successful
sympathetic block except in patients with sympathetically
independent pain.
• If the patient’s pain is sympathetically mediated, a
decrease in pain relief is the appropriate response.
♦ Malmqvist et al79 recommended that successful sympathetic blockade should satisfy 5 criteria including:
• Horner’s Syndrome within 300 seconds
• Final skin temperature with a one to 3° temperature
increase.
• An increase in blood flow by 50% or more from the preblock status.
• Abolition of skin-resistance response on the radial and
ulnar side following the block.
• An increase in the skin-resistant response amounting
to 13% or more of the pre-block value on the radial and
ulnar side of the blocked extremity.79
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Technical and Solution Considerations

♦ Malmqvist et al79 examined the effectiveness of standard

(nonfluoroscopic) stellate ganglion blocks. They looked at
5 measurements:
• Horner’s Syndrome
• Skin temperature (by laser Doppler)
• Skin blood flow (by laser Doppler)
• Skin resistance response
• Skin resistance level
• Of the 54 patients studied, only 15 met 4 of 5 criteria
of an adequate block.
• When assessing factors associated with a successful
block, they identified the introduction of a needle at C7
as being much more effective than needle placement at
C6.
• Higher concentrations of local anesthetic were more
effective, not higher volumes.
♦ Hogan et al118 looked at flows of contrast using MRI,
demonstrating that many variations of flow were responsible for producing Horner’s Syndrome and temperature
elevation.
• They observed that the contrast did not extend to sites
anterior to the ganglion and they were able to identify
that blockade at the cervical sympathetic chain also
included the vertebral plexus, subclavian sympathetic
plexus, and the brachial plexus.
• This work supported the fact that stellate ganglion block
performed at C6 did not reliably denervate sympathetic
activity, suggesting why a patient may get excellent relief
from one stellate ganglion block but not reproducible
relief from subsequent injections.
♦ Feigl et al119 compared the different injectate volumes for
stellate ganglion block with volumes of 5 to 20 mL of
contrast.
• Of a total of 42 cadavers (84 halves), 28 were injected
with 5 mL of contrast, 28 halves with 10 mL, and 28
halves with 20 mL, according to the tissue-displacement method.
• Immediately after injection, the cadavers were
investigated by use of CT scans with a possible 3dimensional reconstruction, while some were also
dissected.
• They concluded that use of 5 mL resulted in an almost
ideal vertical distribution in most of the cadavers,
whereas high volumes of 20 mL, or more than 10 mL,
are at risk of spreading extensively in both the vertical
direction and also uncontrollably to other regions of the
neck.
• Volumes from 10 to 15 mL have been used frequently
and described in the literature.118,120-123
• Volumes lower than 10 mL are also cited by
many.12,124-126
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• Hogan et al118 tested the spread of 15 mL, whereas

Pather et al123 documented the dissemination of 10 mL
of toluidine blue saline solution on 10 cadavers.
• Hardy and Wells127 compared the dissemination of 20
mL and 10 mL.
♦ The stellate ganglion is located in front of the neck of
the first rib,127-130 with its variable extension to the transverse process of the seventh cervical vertebra,129 making it
imperative for the injectate to reach this location.
• Consequently, the solution should spread from the level
of C6 to the level of T2 along with vertebral column.
• Spreading may continue into the paravertebral space
underneath the lateral layer and the solution should
not distribute into the ventral space of the carotid
sheath (the paratracheal space), which includes the
laryngeal nerve, or into the posterior triangle or
the contralateral areas, or extend caudally into the
mediastinum.119
♦ Comparison of plasma lidocaine concentrations after injection of a fixed small volume in the stellate ganglion showed
significantly higher peak plasma lidocaine concentrations
than the lumbar epidural space or a single intercostal nerve
block.131
• Wulf et al132 reported that the median time to reach
maximum plasma concentrations is 5 minutes after
stellate ganglion block involving 10 mL of 0.5%
bupivacaine.
• They reported that 3 of 10 patients receiving stellate
ganglion block with 10 mL of 0.5% bupivacaine had
maximal concentrations exceeding 2 mcg/mL, which
is more than the reported toxic concentrations of 1.5
mcg/mL.
• Hardy and Williams133 reported that peak concentrations were obtained 10-20 minutes after stellate ganglion block involving 10 mL of 0.25% bupivacaine.
Drug Selection

♦ Lidocaine, bupivacaine, and mepivacaine have been used

in stellate ganglion block.
• Lidocaine is a fast-acting local anesthetic with a short
duration of action of one to 3 hours, however with less
cardiovascular adverse effects.
• Bupivacaine has duration of action that is about 2 to 3
times longer than lidocaine, however, with a higher risk
of cardiovascular adverse reactions.116
• After injection of 6 mL of 1% lidocaine for stellate
ganglion block, a peak plasma level of 1.65 ± 0.21
mcg/mL was reached in about 3 minutes.131
• An injection of 10 mL of 0.25% bupivacaine for stellate ganglion block resulted in plasma level reaching
the peak in less than 10 minutes with concentration
approaching the limit to detection in 2 hours.133
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• The systemic affect of lidocaine or bupivacaine on

the cardiovascular and central nervous system is not a
major concern with a dose of 10 mL for stellate ganglion block, unless the local anesthetics are injected
intravascularly.131,133,134
♦ Clonidine, an alpha-2 agonist, is also used by mixing with
other anesthetic agents.
• Animal studies showed that addition of Clonidine may
prolong the duration of vasodilation induced by sympathetic block with mepivacaine in dogs.79,135,136
Blind Technique

♦ From a historical perspective, the blind technique has been

the mainstay of treatment at the ganglion.
• However, because the blind technique uses landmarks
distal to the target tissue (stellate ganglion) and because
of its relative ineffectiveness, it is mentioned for only
completeness and considered historical.
• Fluoroscopically guided procedures are the preferred
approach for accuracy and safety.

Imaging Considerations

♦ Multiple imaging techniques have been utilized to perform stellate ganglion block including ultrasound,137
MRI,114,118,138and plain fluoroscopic guidance.

Fig. 8. A schematic diagram of the landmarks and the
block needle.
Reproduced from Abdi S et al.116 Stellate ganglion block: Emphasis on the new oblique fluoroscopic approach. Tech Reg Anesth
Pain Manage 2005; 9:73-80.

Fluoroscopic Technique
Classic Anterior Approach

♦ With the patient supine, with slight extension of the neck,

the vertebral bodies and transverse processes of C6 or C7
on the ipsilateral side of the ganglion are identified fluoroscopically (Fig. 8).
• The carotid sheath is gently retracted laterally and the
larynx is retracted medially to allow the index fingertip
to palpate for the bony protuberance at the base of the
C6 transverse process (Chassaignac’s tubercle) or the
anterior body of the C7.78,139
• Following this in sterile fashion either with infiltration
of the skin and subcutaneous tissue or directly without
local anesthetic infiltration, under fluoroscopic visualization, a short beveled, 1½-, 22- or 25-gauge needle
is inserted until the contact is made with the anterior
vertebral body of the C6 or C7 and then withdrawn 25
mm.
• After the needle contacts the transverse process, it is
withdrawn slightly.
♦ After negative aspiration, up to one mL of nonionic contrast is injected to confirm cephalad and caudad spread of
agent (Fig. 9).
• The contrast column should be seen to extend in both a
cephalad and caudal direction on the ipsilateral side of
the spine.
• The column should extend down to the upper or midthoracic region; should not enter the canal through a
foramen or any other route or demonstrate a facial injection pattern other than that described; and should not
be carried off by vascular uptake or outline and anterior
ramus or other specific neural structures.139
• If any such suboptimal injection patterns exist, the
needle position must be considered inadequate and
must be moved.
• Position is confirmed by lateral x-ray, showing contrast
just anterior to the transverse process without extravasation into the vertebral foramen or vascular uptake (Figs.
9 and 10).
♦ One mL of local anesthetic is then injected in divided doses
to perform a test dose, and the patient questioned regarding
intravascular symptoms (tinnitus, vertigo, perioral numbness), as well as observing for symptoms of subarachnoid
injections (numbness of extremities or lightheadedness).
• Other signs of central nervous system injection include
nausea, dizziness, and possible loss of consciousness,
with potential respiratory compromise.
• The sense of impending doom is commonly described
with central injection, and underscores the importance
of having appropriate resuscitative equipment available
and expertise in responding to cardiovascular collapse
and airway maintenance.

Ch. 11

Stellate Ganglion Block

Hansen et al

131

Fig. 9. Nonionic contrast injected to confirm cephalad and caudad spread.
• Should a central nervous system injection occur, sup-

portive measures such as a respiratory and cardiovascular support should be implemented and may avoid
adverse long-term outcome sequelae.
• Subsequent volume of injection remains controversial
and undefined, but commonly accepted volumes in a
normal habitus individual would include 5 mL local
anesthetic of injectate, up to 10 mL if caudad flow is
demonstrated and necessary to affect the distal regions

of the upper extremity.

♦ Because of the possibility of migration of the needle during

the injection, intermittent aspiration and injection of the
local anesthetic in divided doses is strongly recommended.
• There are a variety of agents injected into the stellate
ganglion, most commonly locally anesthetic.
• However, other medications such as steroids, Bretylium,
and Ketorolac have been injected with variable efficacy,
but not recommended.
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Fig. 10. Nonionic contrast injected to confirm cephalad and caudad spread.

♦ Injecting local anesthetic may affect vital structures at the

site of deposition, or near the site of injectate.
• This includes the phrenic nerve, recurrent laryngeal
nerve, and vital vascular structures.
• The brachial plexus is in close approximation as well.
• Controversy remains if particulate steroid should be
used, nonparticulate steroid used as an alternative, or
any steroid at all should be used, due to the potential for
intravascular occlusion and subsequent stroke or death.
• Disastrous consequences could be realized if particulate steroid were injected into the vertebral or carotid
artery.
♦ For ease of operation, a mixture of local anesthetic and
contrast may be utilized following the same principles
with test dose and total injection dosage.

CT Guidance

♦ Using CT, the head of the first rib is identified, and a 25-gauge

needle placed as close to the vertebral body as possible.
• Only 1-2 mL of local anesthetic is necessary.
♦ Sluijter140 described a slightly modified classic approach
with the patient in supine position on the operating table,
with the head slightly hyperextended.
• An A-P projection is used, visualizing the seventh cervical vertebra.
• A horizontal line is drawn on the skin, overlying the
transverse process of the seventh cervical vertebra to
determine the entry point (Fig. 11A).
• The carotid artery is retracted laterally and a needle
is introduced over the marked line in a straight posterior direction.
• This needle is slowly advanced until it makes contact
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Fig. 11. A schematic diagram of the cervical spine in various views, showing the site for stellate ganglion block as marked
by “X.” A) anterior view, B) right oblique view, C) left oblique view, D) posterior view. Reproduced from Abdi et al12 with
permission from the authors and the American Society of Interventional Pain Physicians.

with the bone at the base of the transverse process
(Fig. 11B).
• The level of penetration should be checked; yet, this
cannot be done adequately with a lateral projection
because in most cases the shoulders are blocking the
view.
• Thus, it may be better to use an oblique projection.
• The needle should be visible just anterior to a line
connecting the anterior aspects of the foramina.
• If the needle makes contact with the bone prior to
reaching this level, the position is too medial and the
needle makes contact with the vertebral body instead
of the base of the transverse process.
• The position should be corrected in a slightly lateral
direction until the level of penetration is satisfactory
(Fig. 11C and 11D).
• Contrast should be injected showing cranio-caudal
spread.140
Modified Oblique Technique

♦ Abdi et al12,116 described a modified technique to block the

stellate ganglion.
• The fluoroscopy beam is directed in an AP direction until

the C5–C6 disc is well visualized (Figs. 11A, and 12A).

• This usually requires caudocranial angulations of the

C-arm.
• The C-arm is then rotated obliquely, ipsilateral to the
side where blockade is desired.
• The rotation must occur to allow adequate visualization of the neural foramina (Figs. 11B, 11C, 12B &
12C).
• A skin wheal is raised at the surface point where the
junction of the uncinate process and the vertebral body
is seen on the fluoroscope.
♦ Under real-time imaging, a single pass is made with a 25gauge spinal needle to contact bone at this point.
• Care should be exercised to avoid passage of the needle
toward the neural foramina and the thecal sac, which is
exposed posteriorly; the disc located cephalad; and the
esophagus, which resides medial to the ultimate target
point.
• In its final position, the needle tip comes to rest at the
junction between the uncinate process and the vertebral
body (Fig. 12D).
♦ The stylet is removed, the extension set is attached, and
one to 2 mL of radio-opaque contrast is injected to visualize the longus colli muscle (Fig. 12D).
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A.

C.

B.

D.

Fig. 12. A) The C-arm is in the AP position with caudal angulation to optimize disc view with flattened endplates. B)
The C-arm is rotated in an oblique manner until the neural foramina are seen. C) Final needle placement at the base of
the C7 uncinate process on the left side. D) Stellate ganglion block - final position, with contrast injection.
• The syringe containing the contrast is exchanged with

the one that contains the local anesthetic. After ensuring that negative aspiration is performed, a 0.5-mL test
dose is injected to rule out intravascular injection into
the vertebral artery.
• The value of this test dose is providing early warning
if intra-arterial injection is questionable, as seizures
can occur immediately, even with very small volumes
of local anesthetic.
• This is followed by slow injection of 3 to 5 mL of local
anesthetics onto the ganglion.
• Three to 4 mL of local anesthetic usually are adequate

for caudal spread to at least the first thoracic segment.

♦ Meaningful verbal contact should be maintained, and

the patient should be urged to respond verbally without
moving the head or neck so as to allow recognition of any
adverse reaction should it occur.
♦ Patients usually develop Horner’s Syndrome and Guttman’s sign, stuffy nose, and increased temperature on the
ipsilateral side of the block (face and upper extremity)
within 5 minutes after the procedure.
The advantages of modified oblique technique are as
follows:
• Eliminates pressing or pushing the vascular system out
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of the way.

Precautions

can be uncomfortable and even painful to patients

♦ The stellate ganglion block is fraught with potential

• Eliminates pressing on the Chassaignac tubercle, which
• Minimizes the chance of intravascular injection
• Minimizes the chance of esophageal perforation
• Minimizes the chance of recurrent laryngeal nerve

paralysis

• Reduces the volume of local anesthetics needed to cover

lower cervical through upper thoracic areas.

Neurolytic Procedures

♦ If good, but only temporary relief occurs with a stellate

ganglion block, a chemical neurolytic block may be
appropriate.
• Small volumes (2 to 3 mL) of neurolytic solutions (3%
phenol) have been used to create longer-lasting sympathetic blocks.
• Potential complications include permanent Horner’s
Syndrome, brachial plexus injury, and spinal injury.
♦ Radiofrequency provides precise lesioning with potentially fewer complications.
• The patient placed in the supine position, skin and
superficial structures anesthetized, and a 50 mm, 22gauge cannula with 5 mm active tip is advanced under
fluoroscopic control to the periosteum at the junction of
the transverse process with the vertebral body of C7.
• The cannula is withdrawn approximately 2 mm to
make sure the active tip is anterior to the longus colli
muscle.
• Real time fluoroscopy with contrast is performed to
confirm position and rule out intravascular injection.
Identify AP and lateral views.
• Stimulation before each lesion should include 2 Hz
stimulation at 2.5V, asking the patient to say “E” to
test for recurrent laryngeal nerve stimulation. At the
same time, a hand is placed just below the rib cage to
feel for diaphragmatic movement if there is stimulation of the phrenic nerve.
• Inject one mL of local anesthetic, followed by lesioning at 80 degrees for 30 seconds. Lesion curve is a
minimum of 45 degrees for 60 seconds. The probe is
then moved laterally for a second and third lesion.
• Use of a probe with a 7 mm active tip will allow the
cannula to remain anchored to the bone while still
lesioning the ganglion.
• If symptoms are primarily in the hand, consider T2-T3
thoracic sympathetic lesioning (see below).
• Inject one mL of local anesthetic with steroids to avoid
postprocedure neuritis.
• Changes in regional blood flow should be apparent
after the procedure.

♦
♦

♦

♦

♦

♦

complications due to its close approximation to vital
structures.
• An experienced practitioner who is well trained and
understands the potential complications that might be
encountered should perform these injections in a monitored and controlled environment.
• The vertebral artery and carotid artery are contiguous
to the needle pathway, and easily violated. Injection to
either vessel might result in catastrophic strokes, seizure,
death, or bleeding with neural or airway compromise.
• Consideration to newer technology needles such as blunt
needles may reduce vascular intrusion. This technology
is emerging, promising, and awaits critical assessment.
The patient’s physical habitus should be considered, and
any technique adjusted for potential risk with needle
progression.
Clear, informed consent includes the risk of this injection and expected outcomes, with no barriers to
communication.
• The patient should also be informed of potential postinjection difficulties with swallowing. Secondary feelings
of “a full throat” after the injection are common side
effects, and are usually self-limited.
• Once the needle is placed at the proper location, the
injectionist must be vigilant to aspirate at multiple
points during the procedure. Furthermore, use of additional tubing, such as a T piece extension, may further
decrease the likelihood of needle migration. Some practitioners prefer smooth-tip over Luer-lock syringes.
In reviewing the anticoagulant status, careful consideration is given to the risk/reward benefit of temporarily
coming off this therapy, and should be discussed with the
primary care physician prior to discontinuing therapy for
injection.102,103
The indications and contraindications are also assessed
in a risk/reward environment. Patients that are anticoagulated, have an unclear diagnosis, or want to refuse the
block, should give the injectionist pause when proceeding with this complex injection. All too often this block
is performed without the benefit of fluoroscopic imaging,
further enhancing the potential for adverse outcome.
Due to the nature of CRPS and its difficulties in diagnoses
and lack of clear diagnostic testing, scrutiny should be performed prior to multiple injections if the patient does not
respond. Considerations to secondary gain, incorrect diagnosis, inappropriate illness behavior, and psychiatric disease, as well as anatomical variance, should be considered.
Bilateral stellate ganglion block is not recommended.
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Side Effects and Complications

Technical Complications

♦ Major complications of stellate ganglion block include

Stellate ganglion block is associated with multiple complications which are divided into technical, infectious and pharmacological. In general complications are rare; however, they
are extremely serious.
♦ Various technical complications described with stellate
ganglion block include injury to the vessels and nerves
along the path of the insertion of the needle.1
• The reported complications include injury to the brachial plexus, trauma to the trachea and esophagus with
mediastinal and surgical emphysema, injury to the
pleura and lung with pneumothorax, hemothorax, and
bleeding and local hematoma.1
• Hematoma formation may lead into infectious,
pharmacological, and miscellaneous (vasovagal)
complications.

pneumothorax, intravascular injection, neural damage and
hematoma formation with resultant consequences. Due to
the proximity of the spinal column, it is possible to inadvertently inject the local anesthetic solution into the epidural, subdural, or subarachnoid space.
• Due to the proximity of the spinal cord and the cerebrum, even small amounts of local anesthetic placed
into the subarachnoid space may result in a total spinal
anesthetic.
• Trauma to exiting spinal nerve roots is also a distinct
possibility, especially if the procedure was technically
inadequate.
• Intravascular injection is a major disaster considering
the vulnerability of the vertebral artery, specifically if
steroids or other substances are utilized with the injection, which are not recommended.
♦ Postsympathectomy syndrome is a complication reported in approximately 50% of all patients undergoing
sympathectomy.1
• Postsympathectomy neuralgia is proposed to be a complex neuropathic and central reafferentation and deafferentation syndrome.

Key Points
1. The stellate ganglion block is a diagnostic and potentially therapeutic injection.
2. Because of anatomic considerations, the technique itself may be inadequate or give false information.
3. Because of the nearby anatomical structures, this technique, though simple to perform, has the potential for life threatening complications and fluoroscopy is recommended.
4. Although the optimum number and frequency of these injections has not been determined, in general, a sustained or
continuing progressive period of pain relief would be expected to justify the need for continued injections. If steroids
are utilized, additional consideration to adrenal suppression is recommended.
5. Good, but temporary, relief may prompt the practitioner to consider neurolysis, either phenol or radiofrequency.
6. Radiofrequency neurotomy might be considered for long-term relief cycling, after a clear description of positive outcome event.
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Lumbar sympathetic blocks are one of the common procedures performed in interventional pain management settings
in managing various types of pain problems of the abdomen
and lower extremities. The review of the literature shows that
first cervicothoracic block was described by Jonnesco1 in 1920.
Within 2 years after the description of Jonnesco,1 Lawen2
described paravertebral sympathetic block for a differential
diagnosis of intra-abdominal pain. In 1923, Kappis3 described
technique of lumbar sympathetic block and surgical resection
of the lumbar sympathetic nerves. In 1924, Brunn and Mandl4
described injection of the lumbar sympathetic nerves as a component of paravertebral approach to blocking the mixed spinal outflow in the lumbar region. In 1924, von Gaza5 further
expanded on the technique. Historically,6-11 the first report of
lumbar sympathetic block has been attributed to Brunn and
Mandl4 in 1924.
Following the initial descriptions, Mandl,12 and Leriche
and Fountaine13 expanded on this technique. In 1930, White14
described diagnostic Novocaine block of the sensory and sympathetic nerves in the differential diagnosis. During the 1950s,
Bonica,15 Moore,16 and Arnulf17 illustrated the effectiveness of
lumbar sympathetic blockade in managing causalgia and posttraumatic reflex sympathetic dystrophies. Around the same
time in 1924, Royle18 described neurolytic block of lumbar
sympathetics. Reid et al19 described phenol injection of sympathetic chain in 1970. Since then RF also has been applied
to obtain long-term relief.20,21 In fact, Sluijter21 has strongly
advocated RF neurolysis of sympathetic chain. Lumbar sympathectomy with a single needle technique was described by
Hatangdi and Boas22 in 1985.
Multiple techniques have been described to perform lumbar sympathetic block and neurolysis. The technique described
by Mandl12 in 1926 is the basic and most popular technique
to date. Subsequent to Mandl’s12 description, Reid et al19 in
141

1970 described a more lateral approach that avoids contact
with the transverse process in a large series of patients. Ina et
al23 in 1996 described a transintervertebral disc technique for
a celiac plexus alcohol block which is advantageous to produce
minimal injury to the paravertebral organs. The paramedian
and lateral approaches have been considered to produce genitofemoral neuritis as the most common complication specifically after neurolytic lumbar sympathetic block, with an
incidence of approximately 5% to 10%.22,24-26 It is presumed
that neuritis is secondary to spread of the neurolytic solution
into the psoas muscle, through which the genitofemoral nerve
passes.27 Consequently, a transdiscal lumbar sympathetic block
was described in 1997 by Ohno and Oshita.24 To avoid the
complication of paramedian or lateral approach and intradiscal
approach, yet another technique utilizing a paradiscal, extraforaminal approach to the lumbar sympathetic block has been
described.28 While the majority of lumbar sympathetic blocks
are performed under fluoroscopy, other imaging modalities also
have been described. Haaga et al29 showed CT guided lumbar
sympathetic block and Konig et al30 showed performance of
lumbar sympathetic block under MRI guidance. Ultrasound
guidance has become popular in recent years.31
Lumbar sympathetic blocks are utilized as diagnostic,
prognostic, and therapeutic interventions.
1. As diagnostic blocks, lumbar sympathetic blockade
identifies the nature of the pain and classifies it into
a sympathetically maintained pain (SMP) or
sympathetically independent pain (SIP).
2. For prognostic purposes, diagnostic lumbar sympathetic
blocks are helpful in identifying the candidates and
the potential side effects for patients scheduled for
neurolytic or surgical sympathectomy.
3. For therapeutic purposes, lumbar sympathetic blocks
have been used extensively.

142

Interventional Techniques in Chronic Non-Spinal Pain

Indications

Pathophysiology

♦ Lumbar sympathetic blocks are performed to treat com-

♦ The evolution of the nomenclature, conceptual under-

plex regional pain syndrome (CRPS) types I and II, phantom limb pain, herpes zoster, the early stages of postherpetic neuralgia, neuropathic pain and cancer pain.
♦ Indications of lumbar sympathetic block are summarized
in Table 1.
♦ Contraindications are summarized in Table 2.

Table 1. Indications for lumbar sympathetic block.
♦

CRPS Type I and Type II

♦

Phantom pain / postamputation pain

♦

Interstitial cystitis

♦

Circulatory insufficiency of the leg
• Arteriosclerotic vascular disease
• Diabetic gangrene
• Buerger’s disease
• Raynaud’s disease
• Reconstructive vascular surgery after arterial embolic occlusion

♦

Pain from other causes
• Renal colic
• Herpes zoster
• Postherpetic neuralgia
• Frostbite

♦

Other conditions
• Hyperhidrosis
• Phlegmasia alba dolens
• Erythromelalgia
• Acrocyanosis
• Trench foot
• Causalgia secondary to lumbar laminectomy
• Painful legs and moving toes syndrome

Table 2. Contraindications for lumbar sympathetic block.
•
•
•
•
•
•

Bleeding diathesis
Anticoagulation therapy
Infection
Needle phobia
Nonaspirin antiplatelet therapy
Pregnancy

standing, and management of CRPS, formerly known as
reflex sympathetic dystrophy (RSD) and causalgia, has
been controversial.20,22,32-51
• Well-known for over 125 years in the history of medicine, the established nomenclature for pain emanating
from or related to the sympathetic nervous system has
evolved in many stages with a multitude of names.
• Causalgia (1872), RSD (1943), SMP (1986), SIP
(1997), and CRPS (1995) encompass some of the
commonly used nomenclature.32,38-40,51
• In addition, neuropathic pain has been confused with
the previously mentioned terminology that essentially represents heterogeneous conditions; neither can
be explained by one single etiology nor by a particular
anatomic lesion.52
♦ RSD syndrome or CRPS and its existence are supported
by many proponents.
• Opponents claim that RSD is neither reflex, nor sympathetic, nor dystrophy.
• It has been claimed that a diagnosis of RSD or CRPS
type I is invoked when the patient’s symptoms or
pain are associated with sensory, motor, or vasomotor dysfunction and the physician does not find an
authentic testable explanation.
• RSD also has been claimed a psychosomatic disease, or that RSD and SMP are iatrogenically
induced.48-50
• The literature has shown that patients suffering from RSD or CRPS are not different from
patients suffering from other chronic pain problems
psychologically.33,34,43-45
♦ The International Association for the Study of Pain Committee on taxonomy revised descriptions of RSD and published
those clinical features consistently found in these conditions.51
• To satisfy a diagnosis of CRPS type I (RSD), the clinical findings should include:
• Regional pain
• Sensory changes (e.g., allodynia)
• Abnormalities of temperature
• Abnormal sudomotor activity
• Edema
• Abnormal skin color that occurs after a noxious event.
• CRPS type II (causalgia) includes all the foregoing features in addition to peripheral nerve lesion.32,42
♦ The pathophysiology of these syndromes is poorly
understood.
• The definitions of CRPS types I and II contain exclusion
criteria that prevent the inclusion of patients with pain
and clinical findings that are temporally proportionate
anatomically and physiologically to an injury.
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• Other conditions such as these that may constitute a

myofascial pain syndrome are also excluded.
• In addition, a diagnosis of CRPS would be precluded
by the existence of any known pathology that would
otherwise account for symptoms and signs present in
the distal parts of an extremity but outside the territory of an injured nerve.
♦ The pathogenesis of CRPS type I has been the subject
of many proposed theories, although none have proven
conclusive. It is likely that the explanation may involve
mechanisms from several of the current theories.
• Some studies provide convincing evidence that an initial noxious injury in the periphery results in a state of
hyperexcitability in spinal cord neurons.53-55
• Consequently, the principal difference between SMP
and SIP appears to be the mechanism of generation and
maintenance of the nociceptor input to the spinal cord.
• In SMP, the nociceptor input is maintained by an
interaction between primary afferents and sympathetic efferents through an α-adrenergic mechanism.56
• In contrast, in SIP, the maintaining nociceptor input
arises from other causes, such as ongoing activity in a
neuroma.
• Thus, both peripheral and central mechanisms play
significant roles in the pathophysiology and interaction between primary afferents and sympathetic
efferents. This has been demonstrated in several animal models of nerve injury.57,58
♦ SMP, by definition, is eliminated by an anesthetic blockade of the sympathetic efferents that serve the painful
area.57-61
• Stimulation of the severed distal end of the sympathetic
chain evoked pain in those diagnosed to have SMP,62
whereas, similar stimulation in other patients with SIP
did not evoke pain.
• Thus, it is concluded that efferent sympathetic fibers
rather than afferent fibers account for SMP.
• It is also postulated that SMP results from exaggerated
sympathetic efferent activity that causes an increased
release of norepinephrine in the painful region.63,64
• Finally, it is believed that SMP is a receptor disease
that arises from activation of receptors sensitive to
norepinephrine.
♦ The rationale for lumbar sympathetic blocks in the treatment of pain is based on the observation that pain under
certain conditions is potentiated or mediated by sympathetic hyperactivity.
• Laboratory evidence has demonstrated that sympathetic postganglionic neuron may not only act at the effector terminal but also on the primary afferent (PA) in
certain pathologic conditions and it may communicate
with the PA neuron at other sites resulting in direct and
indirect coupling.35
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• The rationale in multiple other conditions is based on

vasodilation and sympathetic blockade.

♦ The mechanism of action of sympathetic blockade continues to be not only unclear but controversial.
• Interruption of preganglionic and postganglionic sympathetic efferents which may influence function of the primary afferent (PA) neuron or blockade of visceral afferents
from deep visceral structures in the leg that travel with the
sympathetic nerves are the 2 mechanisms proposed.47,51

Clinical Applications
Diagnosis

♦ Blockade of the sympathetic nervous system interrupts

nociceptor visceral and somatic afferents and vasomotor,
sudomotor, and visceromotor fibers.
• Consideration of sympathetic blocks is to facilitate
management of CRPS with analgesia commensurate
with a program of functional restoration and sympatholysis to provide unequivocal evidence of SMP.43,65
♦ In the absence of any clinical trial to demonstrate the
relative efficacy of somatosensory conduction blocks with
sympathetic blockade, there is a historical preference to
use phentolamine infusion.66
• Once it is established that sympatholysis is effective
in relieving not only the burning dysesthesia but also
allodynia or hyperalgesia, it is important to repeat the
procedure to determine whether an increasing duration
of effect can be expected in any particular patient.
• Occasionally, these individual blocks may be all that are
necessary to enable a patient to regain function.
♦ Controlled local anesthetic blocks have not been performed to evaluate the value and validity of lumbar sympathetic blocks with local anesthetics.
• Blind approaches with loss-of-resistance technique which
brings the needle tip into the pre-psoas fascia where lumbar sympathetics include many of the post ganglionic
efferents, may miss sympathetic fibers traveling to the leg
via the paravascular route, giving incomplete sympathetic
block and possible somatic blocks in the lumbar plexus.
• Performing the blocks under appropriate controlled conditions with fluoroscopy and contrast injection may provide more valuable information than a blind approach
utilizing a small volume of local anesthetic (1-2 mL).
• Even though controlled comparative local anesthetic
blocks have not been attempted in diagnosing pain
responding to sympathetic interventions, this philosophy may be applied as they have been widely used in the
diagnosis of facet joint pain.67
♦ Determination of the adequacy or completeness of sym-
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pathetic block is difficult and contentious, so that confirmation of complete sympathetic blockade is not well
defined.
• Extensive discussions and descriptions have been
advanced on numerous tests, with some developing criteria comprised of certain elements of change necessary
to confirm complete sympathetic block.26,68,69 These
include:
• Skin temperature rise to 34° or higher.
• Greater than 50% increase in skin blood flow.
• Complete abolition of skin resistance response.
• Raja et al,70 using capillary blood flow changes, abolition of sympathetically induced vasoconstriction, and
temperature responses, when testing response to phentolamine infusions to validate dosing for sympathetic
block, found that the previous advised sympathetic
block dosing of 0.5 mg per kg was inadequate, but even
at doses higher than one mg per kg, the block was still
incomplete.
• Thus, phentolamine may not provide predictive value
for SMP as initially surmised.71
• Thus, it is believed that use of diagnostic infusions of
phentolamine may give a high rate of false-positive
responses, suggesting the presence of SMP in patients
while instead attaining analgesia from unrecognized
actions of the drug.51
♦ Placebo responsiveness to sympathetic trunk injection has
not been critically ascertained for CRPS disorders.69
• Lack of research in this area for specificity of sympathetic blocks fuels arguments from opponents of SMP.72
• Conversely, Price et al73 showed the difference was
dramatic when comparing responses over time, with
the relief lasting for days with local anesthetic block,
compared to only hours for the placebo control.
• Arner et al74 also reported similar findings with pain
relief lasting for longer periods of time, as long as several days, with local anesthetic in neuropathic pain.
• Thus, it is postulated that while a placebo action may
be inherent in early responses to sympathetic block or
drug infusions, there seems to be an additional positive response when local anesthetic block provides
sustained and profound pain relief. This mechanism is
explained by reduced sensitization or signal coupling
peripherally and spinal cord wind-down centrally.
Lumbar Sympathetic Blocks

♦ Local anesthetic blockade of the lumbar sympathetic

chain is widely used to treat reflex sympathetic dystrophy
and causalgia.
• Lumbar sympathetic blocks are also used in various
other conditions as illustrated in indications (Table 1).
♦ Lumbar sympathetic blocks are utilized as diagnostic,
prognostic, and therapeutic interventions.

♦ Cepeda et al,75,76 and Kingery77 reviewed the role of local

♦

♦
♦

♦

anesthetic sympathetic blockade for CRPS.
• Cepeda et al75 in the first meta-analysis on the effect of
sympathetic blockade with local anesthetics in patients
with CRPS, reported that up to 44% of those subjected
to sympathetic blockade were expected to have no pain
relief.
• This estimate was obtained from pooling the results
of observational studies due to the lack of randomized controlled trials in the English language.75
• Cepeda et al76 updated local anesthetic sympathetic
blockade for CRPS in 2007 including studies involving
all languages.
• In this systematic review, one randomized, doubleblinded, crossover study was included.77 This was a
small study of 7 patients with CRPS of upper or lower
extremities with interventions including sympathetic
blockade with normal saline or with 1% lidocaine.
• The duration of pain relief was longer when patients
received local anesthetic compared to median duration
of relief of 5½ days versus 6 hours when saline was
administered.
• With regard to pain alleviation, the systematic review
revealed the scarcity of published evidence to support
the use of local anesthetic sympathetic block as the
“gold standard” treatment for CRPS, and questions as to
it efficacy were raised. They were also unable to estimate
the duration of pain relief, if any, and even though there
were no complications or side effects, they concluded
that there was no sufficient data available.
Kingery78 reviewed controlled clinical trials for peripheral
neuropathic pain and CRPS.
• There were no placebo-controlled trials that evaluated
either local anesthetic blocks of sympathetic ganglia or
surgical sympathetectomy.
Quisel et al79 recommended to avoid all interventors.
Furlan et al80 conducted a Cochrane review which assessed
only the effects of neurolytic sympatholysis, including 4
studies.
• They concluded that more clinical trials of sympathetectomy are needed.
• Results of this review may be criticized in that it grouped
together all sympathetectomies (cervical/lumbar) and
was not specific for results of lumbar sympathetectomy.
Day81 performed evidence synthesis for lumbar sympathetic blocks and neurolysis. The evidence was based on
grading recommendations of Guyatt et al.82 Day81 included 11 studies24,83-92 in the evidence synthesis as illustrated
in Table 3.
• A recommendation of grade 1C was provided to references 83 to 90 as these were low-quality evidence, but
the procedure was strongly recommended for situations
where analgesics were ineffective for controlling pain.
Two studies24,90 received a 1B grade, which provided
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a strong recommendation, with moderate-quality evidence, benefits clearly outweighing the risk and burdens
or vice versa with implications that recommendation
can apply to most patients in most circumstances without reservation.
• Haynsworth and Noe91 published a prospective, randomized study comparing RF denervation versus phenol neurolysis for percutaneous lumbar sympathectomy
with grade 1B evidence.
• Cross and Cotton,92 in a randomized, prospective, double-blinded, controlled trial on chemical lumbar sympathectomy for ischemic rest pain concluded that paravertebral block can be offered as an initial pain-relieving
procedure while other diagnostic studies are being performed and may also serve a purpose if reconstructive
procedures are not feasible.
♦ RF lesioning of the lumbar sympathetic chain is performed
for a number of conditions benefiting from lower extremity sympathetic neurolysis.
• In the lumbar region the sympathetic chain and ganglion extends from the first to the fifth vertebra.
• These chains are continuous with the thoracic sympathetic chain from above and the pelvic sympathetic
chain from below.
♦ RF denervation of a lumbar sympathetic chain has been
shown to be most effective if it is performed at multiple
levels.
• Lesioning of the sympathetic chain at a single level (L3)
only produced a 25% lasting response.93
• However, when the procedure was performed at multiple levels it resulted in a 75% response at 8 weeks.
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• Clinical experience suggests that the lesions may

be required at 4 levels, or at least 3 levels for lasting
relief, specifically foot pain requiring lesions at L2,
L3, L4, and L5.
♦ Haynsworth and Noe91 and Noe and Haynsworth94 reported on the results of RF sympatholysis compared with phenol sympathetectomy.
• Phenol sympathetectomy was performed with 3
mL of 6% phenol injected at each level of the lumbar vertebrae (L2, L3, and L4) under fluoroscopic
guidance.
• Conventional RF was performed by inserting needles
lateral to the L2, L3, and L4 vertebral bodies.
• Coagulation was performed at 70°C for 120 seconds.
• In the phenol group, 100% of the patients fulfilled criteria for effective sympatholysis immediately upon the
procedure, with the effect persisting at an 8-week follow-up in 89% of the patients.
• In the conventional RF group, 37% showed evidence of
sympatholysis at 4 weeks, and only 12% at 8 weeks.
• The incidence of postsympathectomy neuralgia was
33% in the phenol group and 11% in the RF group.
• The modified RF procedure used a larger probe size and
more series of lesions; 75% of the patients met criteria
for sympatholysis at 8 weeks.
• Postsympathectomy neuralgia occurred transiently in
50% of the patients.
♦ Cross and Cotton92 studied 37 consecutive patients involving 41 extremities, some with bilateral disease for ischemic
rest pain in a randomized, prospective, double-blind, controlled trial of chemical lumbar sympathectomy.

Table 3. Analysis of evidence for lumbar local anesthetic or neurolytic sympathetic blocks of lumbar sympathetic chain.
Authors

Study Type

Cross and Cotton92

P,RCT

Haynsworth and Noe

P,R

91

Ohno and Oshita

CS

24

Rocco

CS

90

Alexander

CS

89

Bristow and Foster

88

Hugh-Davies and Redman

87

Furlan et al

80

Tomlinson

86

Plancarte and Calvillo

85

Wettrell et al

84

CS
CS

CR
CR
CR
CR

Diagnosis

No. of Patients

Grade of
Recommendation

Ischemic rest pain

37

Lower extremity pain

12

1C

Ischemia/pain

489

1C

Ischemia/pain

97

Ischemia/pain

1

RSD

Sympathetically maintained pain
Rectal tenesmoid pain
Neuropathic pain
Causalgia
RSD

CR, case report; CS, Case series; P,R, prospective, randomized; P,RCT, prospective, randomized, controlled trial; RSD, reﬂex sympathetic dystrophy.
Adapted and modified from Day M81. Sympathetic Blocks: The Evidence. Pain Practice 2008; 8:98-109.
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17
20
1
1
1
2

1B
1B

1C
1C
1C
1C
1C
1C
1C
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Fig. 1. Illustration of sympathetic nervous system.

Netter medical illustration used with permission of Elsevier. All rights reserved.

• Twenty-four limbs were assigned to the treatment (phe-

nol) group and 17 to the control (bupivacaine) group.
• There was a statistically significant reduction in rest
pain with 83.5% of the treatment group versus 23.5% of
the control group at one week, which remained significant at 6 months (66.7% versus 23.5%).

♦ Rocco et al95 described anatomy and a modification of

the 2 person technique for the localization of the anterior
border of the psoas muscle in an effort to achieve better
results with RF sympatholysis.83
• The results were not impressive, with 15 of 20 patients
having temporary relief or no relief at all.
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Anatomy
♦ Fig. 1 shows a scheme of the sympathetic nervous system

illustrating the superior thoracic ganglion, first thoracic
ganglion, first lumbar ganglion, and first sacral ganglion.
♦ The lumbar sympathetic chain consists of 4 to 5 paired
ganglia that lie over the anterolateral surface of the second
through fourth lumbar vertebrae.
• The cell bodies that travel to the lumbar sympathetic ganglia line the anterolateral region of the spinal cord from
T11 to L2, with variable contributions from T10 and L3.
♦ The preganglionic fibers leave the spinal canal with the
corresponding spinal nerve root, join the sympathetic chain
as white communicating rami, and the synapse within the
appropriate ganglion.
• Postganglionic fibers exit the chain to join the diffuse
perivascular plexus around the iliac and femoral arteries,
or via the gray communicating rami to join the nerve
roots that form the lumbar and lumbosacral plexuses.
• Sympathetic fibers accompany all the major nerves to
the lower extremities.
• The majority of the sympathetic innervation to the
lower extremities passes through the second and

♦

♦

♦
♦
♦
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third lumbar sympathetic ganglia and blockade of
these ganglia results in near complete sympathetic
denervation of the lower extremities.
• The second lumbar ganglion is considered the “gateway” ganglion that receives the lower most of the sympathetic fibers from the spinal cord and the sympathetic
innervation of the leg can be blocked by a single injection if local anesthetic is used.
Superiorly, the lumbar sympathetic trunk is continuous with
the thoracic trunk, posterior to the medial arcuate ligament.
• Inferiorly, it passes posterior to the common iliac artery
and is continuous with the pelvic sympathetic trunk.
On the right side, it lies posterior to the inferior vena cava and
on the left it is posterior to the lateral aortic lymph nodes.
• It is anterior to most of the lumbar vessels, but may pass
behind some lumbar veins.
Figs. 2 and 3 illustrate the anatomy of the lumbar sympathetic chain.28
The first, second, and sometimes the third lumbar ventral
spinal rami send white rami communicantes to the corresponding ganglia.
Gray rami communicantes pass from all 4 lumbar ganglia
to the lumbar spinal nerves.
Aorta

A

A

IVD
LSG
Psoas

Fig. 2. Cadaver study of the lumbar sympathetic chain. The
lumbar sympathetic chain (A) is very closely related to the
lumbar vessels in the concavity of the vertebral body. Markers have been placed at the level of the intervertebral discs
(D). Note at this point, the ganglion is most well formed and
is away from the lumbar vessels (B). Lumbar nerve roots
(C) have been dissected. The psoas major muscle is lateral to
the sympathetic chain. Note also the relatively straight course
of the lumbar sympathetic chain.

Reproduced from Datta S, Pai U.28 Paradiscal extraforaminal
technique for lumbar sympathetic block: Report of a proposed
new technique utilizing a cadaver study. Pain Physician 2004;
7:53-57, with permission from the authors and ASIPP.

Fig. 3. Cadaver dissection of the lumbar sympathetic chain.
Note how the lumbar sympathetic ganglion (LSG) is most
well formed at the level of the intervertebral disc (IVD). The
lumbar artery (A) is intimately related to the middle of the
lumbar vertebra, stressing the chances of injury when the
needle position is in the middle of the vertebral body. Also
note the psoas muscle is an extremely bulky muscle and may
provide false loss of resistance. The aorta and the inferior
vena cava have been retracted away from the field.
Reproduced from Datta S, Pai U.28 Paradiscal extraforaminal
technique for lumbar sympathetic block: Report of a proposed
new technique utilizing a cadaver study. Pain Physician 2004;
7:53-57, with permission from the authors and ASIPP.
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• They are long, and accompany the lumbar arter-

ies around the sides of the vertebral bodies, medial to
the fibrous arches to which the psoas major muscle is
attached.
• It should be noted that the white and gray rami communicantes pass to their respective ganglia beneath the
fibrous attachments to each of the vertebral bodies.
♦ Four splanchnic nerves pass from the ganglia to join the
celiac, inferior mesenteric (or occasionally abdominal aortic), and superior hypogastric plexuses.
• The first lumbar splanchnic nerve, from the first ganglion, gives branches to the celiac, renal, and inferior
mesenteric plexuses.
• The second nerve joins the inferior part of the intermesenteric or inferior mesenteric plexus.
• The third nerve arises from the third or fourth ganglion
and passes anterior to the common iliac vessels to join
the superior hypogastric plexus.
• The fourth lumbar splanchnic nerve from the lowest
ganglion passes above the common iliac vessels to join
the lower part of the superior hypogastric plexus, or the
inferior hypogastric nerve.

Technique
Anatomic Variations

♦ Bonica,15 as well as Datta and Pai28 reported that the

number of ganglia varied from 2 to 5 with an average of
3, usually located between the second and fourth lumbar
vertebrae.
• Often none were found in relation to the first lumbar
vertebra.15,70
• The lumbar ganglia may be represented either as a single fused elongated mass or up to 6 separate ganglia.
• Murata et al96 found that the number of ganglia in a
single chain ranged from 2 to 6, with the mean being
3.9 (Table 4 and Fig. 4).
♦ The rami of a ganglion on a specific lumbar vertebra do
not necessarily have the same destination.

Table 4. The number of sympathetic ganglia in each lumbar
zone.
Number of Ganglia
Zone

Right side

Left side

Llu
Llm
Lll

0
1
0

2
4
0

L2u
L2m
L2l

5
21
7

3
20
12

Lld

L2d
L3u
L3m
L3l
L3d

L4u
L4m
L4l
L4d

L5u
L5m
L5l
L5d

7

24
15
5
14
22
7
5
2
4

7
24
6
2

6

20
15
19
14
18
8
8
7

13
20
6
5
3

Total
(R + L)
2
5
0

13
8
41
19

Level
L1
L1/2
L2

44
30
24
28

L2/3

40

L3/4

15
13
9
17
27
30
11
5

L3

L4
L4/5
L5
L5/S1

Adapted from Murata et al.96 Variations in the number and position of human lumbar sympathetic ganglia and rami communicantes. Clin Anat 2003; 16:108-113, with permission of John Wiley
& Sons, Inc.

Fig. 4. A sketch of a standard specimen of the sympathetic
trunk based on results of the Murata et al96 study. In this
specimen, 4 sympathetic ganglia are shown, on the L2 vertebra, the L2/3 disc, the L3/4 disc, and the L5 vertebra.
The sympathetic trunk runs on the anterior surface of the
vertebral column from L1 to L4 levels, and passes to the
lateral side of the L5 vertebra. Each lumbar vertebra was
divided into 3 zones, and each disc was regarded as an additional zone in the sagittal plane (a total of 20 zones).
Adapted from Murata et al.96 Variations in the number and position of human lumbar sympathetic ganglia and rami communicantes. Clin Anat 2003; 16:108-113, with permission of John
Wiley & Sons, Inc.
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• The sympathetic innervation of the lower extremity

may vary, not only among patients, but also on opposite
sides of the same patient.
• The upper lumbar ganglia may be connected to as many
as 4 lumbar nerves, whereas in the lower lumbar regions,
ganglia are commonly distributed to only one nerve.
• The mean lengths of rami connected to the first and
fifth lumbar spinal nerves, respectively, were significantly longer and shorter than those connected to the
second, third, and fourth nerves.
• The differences in length clearly reflect the arrangement whereby the trunk lies on the anterior surface
of the upper lumbar vertebra and gradually becomes
more posterior inferiorly (Fig. 4).
♦ The length and course of the rami may vary.
• Bradley97 found a ramus passing from the second lumbar ganglion to the first lumbar nerve that was 48 mm
long.
• Edwards98 and Bogduk et al99 found that some rami
bypassed the ganglia and traveled directly through the
psoas muscle to the genitofemoral nerve.
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Technical Considerations

♦ Rocco et al100 suggested that the area just cephalad to the

♦

♦

♦

Fig. 5. Position of RF needles in lumbar sympathetic RF.

Datta et al

♦

middle of the body of the L3 vertebra is the best starting
point for the following reasons:
• Ganglia are more likely to be present in the area of the
L3 vertebra; the least variation in the location of the
sympathetic chain in the horizontal (axial) plane ventrally is also in the L3 area; and the psoas muscle may
terminate at the lower part of the L3 vertebra.
• Cell bodies may be located in the rami
communicantes.8
• Intermediate ganglia may be hidden under the fibrous
arches of the attachment of the psoas muscle to the vertebral body and the discs.98
• Rocco90 concluded that it may be necessary to perform
lesions at various distances from the anterior border of
the vertebral column, not only because the location of
the psoas muscle varies posteriorly from the anterior
border of the vertebra, but also because the ganglia may
lie in the substance of the psoas muscle.
Sluijter21 believes that the key level for blockade of the
sympathetic chain is L2 since this is the lowest level where
the sympathetic chain receives presynaptic fibers from the
spinal cord.
• He advocates the target point to be one mm lateral to
the concavity of the vertebral body.
Weyland et al101 and Rocco et al100 measured the mean distance from the sympathetic chain to the horizontal tangent to the anterior border of the lumbar vertebra.
• They found their measurements to be similar except for
the measurement at L3 (0.64 versus 0.3 cm). The range
of measurements was wide, except at L3 vertebra.
• Rocco et al100 found the most anterior part of the
sympathetic chain was at the L3-4 disc and at L3
vertebra.
• Weyland et al101 found the most anterior part of the
sympathetic chain was at L4.
Interventional pain specialists will be better served by noting the relationship of the sympathetic chain to the psoas
muscle and the vertebra.
• Rocco et al100 noted in his study that in 4 patients
the location of the chain laterally from the center of
the vertebra could not be determined secondary to
osteophytes.
• There will be differences among the males and females,
and also in the length and width of the vertebrae.
In summary, targets for lumbar sympathetic block and
neurolysis are as follows:102
• The L2 ganglion is situated at the junction of the lower
third and upper two-thirds of the L2 vertebral body.
• The L3 ganglion is situated at the junction of the lower
two-thirds and upper third of the vertebral body.
• The L4 ganglion is variable in position.
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• For the best results, local anesthetic blocks at L2 and

L3 will sufficiently block. However, for RF lesioning it
should be produced at L2, L3, and L4 levels.
• Fig. 5 shows the position of RF needles in lumbar sympathetic neurolysis.
Approaches to Lumbar Sympathetic Block

♦ Lumbar sympathetic block is performed utilizing tech-

niques described by various individuals.
• Classic Mandl’s12 paramedian approach
• Reid et al’s19 lateral approach
• Transdiscal approach24
• Paradiscal extraforaminal approach28
• Chemical neurolytic technique19,22,103-106
• RF technique.21,84,95,102
♦ Patients are usually placed prone with a pillow beneath the
lower abdomen and the hip to reduce lordosis with all the
techniques.
Paramedian (Classic Mandl’s) Approach

♦ Skin wheals are made 5-8 cm lateral to the spinous processes of L2-L4.6,12
• With an appropriately sized spinal needle held perpendicularly to the skin, a track of local anesthetic is infiltrated to the transverse process at each level.
• The needle is then withdrawn to the subcutaneous tis-

A. Needle placement in AP view at L2, L3.

sues to pass below and slightly medial to the inferior
border of the transverse process, at an angle of about 10
degrees to the sagittal plane.
• The needle is advanced about 2 cm deep to the transverse process, where it should contact the side of the
vertebral body. A slight decrease in angle is then needed
to slip past to the lateral aspect of the vertebral body.
Lateral (Reid’s) Approach

♦ A skin wheal is made 10 to 14 cm lateral to the superior

border of the spinous process of L3 and L4.6,18
• Using the spinal needle as before, tracks of local anesthetic are infiltrated at an angle of 60 degrees to the
sagittal plane towards the body of L3.
• The sympathetectomy needle is then introduced and
advanced till it contacts the vertebral body.
• Fluoroscopy views (AP and lateral) are used to confirm position and the angle to assume for redirection
of the needle to the anterolateral aspect of the vertebral body.
• Multiple variations of this technique have been utilized under fluoroscopy.
• Figs. 6 – 10 illustrate multiple views of lumbar sympathetic blockade under fluoroscopy with different needle
positions. The procedure may be performed with straight
AP and lateral views or oblique AP and lateral views.
• With oblique approach a coaxial technique is utilized

B. Lateral view with injection of contrast.

Fig. 6. Right lumbar sympathetic block at L2, L3 with needle placement above transverse process.
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B. Lateral view with contrast insertion.

A. AP view with needle placement.

Fig. 7. Right lumbar paravertebral sympathetic block at L2, L3 with needle placement below transverse process.

B. Lateral view with contrast insertion.

A. AP view with needle placement.

C. AP view with postcontrast insertion.

Fig. 8. Right lumbar paravertebral sympathetic block at L2, L3 approaching at disc level (not intradiscal).
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A. Lateral view with contrast insertion.

B. AP view with contrast insertion.

Fig. 9. Right lumbar paravertebral sympathetic block at L2 and L3 with needle placement at disc level (not intradiscal).

B. Lateral view: postcontrast insertion.

A. Lateral view: needle placement.

C. AP view: postcontrast insertion.

Fig. 10. Right lumbar paravertebral sympathetic block at L2 and L3: L2 needle at disc level and L3 needle in lower third
of vertebral body.
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toward the anterolateral surface of the L2 and L3
vertebral bodies.
• Alternately the procedure may be performed only
at L2 or L3.
• The direction of the needle is assessed and redirected by obtaining repeated images with advancement of the needle.
• The needle tip should be kept over the lateral margin of the vertebral body until the needle gently
contacts the bone.
• Additional lidocaine may be placed on the vertebral body, and the needle is then walked laterally

A. Oblique view of needle placement.

C. Lateral view of needle outside the disc.
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off the bony margin.

• These movements may be carried out in

oblique, AP, or lateral views.

• In lateral projection, the needle is advanced until the

tip lies over the anterior third of the vertebral body.

• Proper needle position may be verified in the AP

projection as well as the lateral projection with the
needle tip medial to the lateral margin of the vertebral body in AP view and over the anterior third of
the vertebral body in lateral view.
• Once the needle position is satisfied utilizing all
the precautions and eliminating intravascular or

B. Lateral view.

D. AP view of C with contrast injection.

Fig. 11. Radiographs in lateral and AP projections with the intradiscal technique at L1/2 disc level.
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Fig. 12. Intradiscal technique for lumbar sympathetic block at L2/3 disc level.
subarachnoid placement, contrast is injected 1-2 mL
through each needle. Following the appropriate positioning, 1% lidocaine for the first block and 0.25%
bupivacaine for subsequent blocks is utilized, with 1
to 4 mL at each level even though 15-20 mL of local
anesthetic has been recommended.
Transdiscal Lumbar Sympathetic Block

♦ The transdiscal insertion as described by Ohno and Oshi-

ta24 is attempted at L2/3 and/or L3/4.
• Spread of contrast solution is evaluated by bidirectional
fluoroscopy.
• After the absence of neurologic deficit is confirmed
(approximately 20 minutes after injection of Omnipaque and lidocaine), 3 mL of 99.5% ethanol is injected
through each needle.
♦ A classic technique utilized for lumbar discography is as
follows:107
• The procedure is performed under absolute aseptic conditions with sterile prep and drape in prone position at
L2/3 or L3/4.
• The C-arm is adjusted to achieve a posterior oblique
position with the superior articular process (SAP) dividing the vertebral body in half (Figs. 11 and 12).
♦ Figs. 13 and 14 illustrate incidental transdical lumbar sympathetic blocks, with discal lateral approach.
• A double needle system is used with a long, small gauge
procedure needle that is passed through a short, larger
gauge needle into the disc.
• The introducer needle tip is positioned just anterior
to the superior articular process and superior to the
subjacent endplate.
• While being aware of any paresthesia from contact
the exiting nerve root at that level, the introducer

needle is advanced to the outer annulus.

• Under biplanar fluoroscopic guidance, the procedure

needle is then advanced through the introducer needle into the disc and subsequently outside the disc.
• Nonionic radiopaque contrast is injected approximately 1 – 3 mL into each needle if more than 1 needle is utilized; however, one needle suffices. Spread of
the contrast is evaluated under fluoroscopy with AP
and lateral views.
• Approximately 3 – 5 mL of local anesthetic is injected, either 1% lidocaine or 0.25% bupivacaine.
• To avoid infection an antibiotic may be administered.
♦ Benefits of transdiscal approach are as follows:
• Rocco et al,100 Datta and Pai28 and Umeda et al106
revealed that the sympathetic ganglia at L2 and L3
are most often present at the level of the intervertebral
disc.
• Additionally, Datta and Pai28 and Umeda et al106 reported that the midportion of the lumbar vertebra is not
suitable for placement of the tip of the needle during a
lumbar sympathetic block, because this might result in
an arterial puncture.
• Thus, introducing the needle at the L2/3 and/or
L3/4 level increases the likelihood of encountering
the sympathetic ganglia and lessens the chance of
injuring the lumbar arteries.
• Genitofemoral neuritis incidence is decreased.
• When the injected contrast mixture spreads into the psoas muscle, a striated pattern is radiologically apparent.
• Such inappropriate flow is often seen in patients who
have previously undergone several conventional paravertebral neurolytic blocks.
• The mechanism may involve repeated administration
of neurolytic drugs that presumably induce scar formation in the prevertebral area and lead to backward
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B. Lateral view with needle placement.

A. AP view with needle placement.

C. Contrast injection at L3 showing intradiscal contrast dispersion.

D. Lateral view with intradiscal and extradiscal contrast.

Fig. 13. Left lumbar paravertebral sympathetic block at L2 and L3 with incidental intradiscal placement at L3 and
extradiscal placement at L2.

A. Lateral view with needle placement.

B. Intradiscal contrast.

C. Intradiscal contrast with sympathetic
filling.

Fig. 14. Right lumbar paradiscal sympathetic block at L2, L3 with incidental intradiscal needle placement at L3 and with
L2 needle placement in top third vertebral body.
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A. Oblique view with needles placed at transverse process of
L2 and L3 vertebrae. Needles are positioned in paradiscal and
extraforaminal position.

B. Lateral contrast study on the same patient utilizing paradiscal
extraforaminal technique at L2 and L3 vertebral body. The L2
needle is in ideal paradiscal position. The L 3 needle is positioned
in the lower third of the vertebral body avoiding the lumbar vessels.
Loss-of-resistance technique has not been utilized to position the
needles. Final needle position is approximately 0.5 cm from the
anterior vertebral edge. Note excellent dye spread outlining the
sympathetic chain at both levels.

C. Illustration of contrast dispersion.
Note lateral spread of dye in relation
to the vertebral body. Some spillage of
the dye is present on the psoas major
muscle. However, the psoas shadow is
clearly more lateral to the dye.

Fig. 15. Illustration of paradiscal extraforaminal technique. Courtesy Datta and Pai 28 and the American Society of Interventional
Pain Physicians.

flow and infiltration into the psoas muscle.

• In elderly patients with marked spondylosis, the

contrast may also diffuse into the psoas muscle
through a highly degenerated psoas arch.
• In contrast, the transdiscal route may allow for a
sympathetic block while preserving the continuity
of the tendinous arch.
• The danger of backward flow and subsequent genitofemoral neuritis is almost negligible.
♦ The potential risks and disadvantages are associated
with disc penetration and include nerve root injury, discitis, accelerated disc degeneration, and disc herniation.

Paradiscal Extraforaminal Technique

♦ Datta and Pai28 described paradiscal extraforaminal tech-

nique (Figs. 15 and 16).
• The patient is placed prone, the back is prepped and
draped in a sterile fashion, and fluoroscopy is used to
identify the L2 and L3 vertebral body in an AP view.
• Oblique projection: The spinous process should be projected over the contralateral facet joints and this usually
requires a 35° angle with the sagittal plane.
• Target point: The insertion point should be the midpoint of the transverse process rather than at the 6
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A. Ideal initial starting position.
Note the needle is at the lateral edge
of the vertebral body, just off the
pedical on the medial aspect of the
transverse process.

D. Lateral projection of 2 needles at L2
and L3. Final needle position is at the
inferior border of the vertebral body in a
paradiscal position.

B. Fluoroscope angled to oblique position. Two inducer needles inserted at
L2 and L3 vertebral levels.

E. Lateral projection of 2 needles at L2
and L3. Contrast reveals dye spread on
the lumbar sympathetic chain.
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C. Lateral view of needle enroute to
a lumbar sympathetic block.

F. Subtraction view reveals contrast spread
only along the sympathetic chain with no
spread centrally towards the spinal cord.

Fig. 16. Paradiscal extraforaminal technique. Courtesy Datta and Pai 28 and the American Society of Interventional Pain Physicians.
o’clock position of the pedicle.

• To ascertain depth, the needle is advanced in a gun bar-

rel fashion to contact the transverse process. Then the
needle is withdrawn backwards and directed caudally.
• Advancement of the needle should be extraforaminal
to minimize the chance of injury to the nerve or the
anterior ramus.
• Further advancement of the needle should be performed under the lateral view.
• The loss-of-resistance technique which has been recommended by some authors is potentially dangerous
and should not be employed. The needle should be

positioned just posterior to the anterior border of the
vertebral body.
• Use of at least 2 needles is advisable (L2 and L3 vertebral body) considering the wide variation in position of
the ganglia.
• Paradiscal position: The tip of the needle should be
at the lower third of the second vertebral body or the
upper third of the third vertebral body, in a paradiscal
position.
♦ A very important point to consider is the position of the
lumbar arteries in relation to the vertebral bodies.
• Umeda et al106 and Datta and Pai28 found that the points
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at which the sympathetic chain and the lumbar arteries
cross are at the middle third of the vertebral body in
both the second and third lumbar vertebrae.
• Thus, Sluijter’s21 viewpoint that the target point should
be one mm lateral to the middle of the concavity of
the vertebral body will place the needle directly across
the course of the lumbar arteries with high chances of
injury to the lumbar vessels.
• Datta and Pai28 found that the ganglia almost always lie
at the level of the discs (Fig. 2) or just paradiscal (Fig. 3)
in position.
• To avoid the chance of injury to the anterior ramus,
the needle should follow a paradiscal extraforaminal
approach instead of transforaminal approach.
♦ Benefits of paradiscal extraforaminal approach include the
following:
• A reduction in the chance of genitofemoral neuralgia.
• A reduction of injury to the lumbar artery(s).
• Elimination of the chance of discitis since the disc is
avoided.
• Maximum chance of successful blockade considering
that the needles are in the paradiscal position where the
ganglia are concentrated.
• Chance of injury to the anterior ramus is avoided since
the procedure is extraforaminal.
• Avoiding the loss-of-resistance method and relying on
strict anatomical parameters (that is, stopping at the
anterior border of the vertebral body on lateral fluoroscopy images) improves the chances of success and
decreases the chances of injury to various important
structures.
Chemical Neurolytic Block

♦ Neurolysis of the lumbar sympathetic chain is easily per-

formed and is one of the most useful procedures.103-105
• It is to be considered only after local anesthetic blocks
of the lumbar sympathetic chain have documented efficacy but have failed to produce long-lasting relief.
♦ Techniques are similar for earlier procedures described.
Significant longitudinal spread of drugs along the sympathetic chain is required for adequate neurolysis.
• When spread cannot be achieved by one needle, use a 2
or 3 needle approach.
• No studies have reported differences in efficacy with
use of one, 2, or 3 needles.
• Needles can be placed at L2, L3, and L4.
• Sluijter21 even advocates sympathetectomy at the L5
level.
♦ Before injecting contrast material, check needle placement
in both the AP and lateral views.
• Monitor distal skin temperatures during neurolysis,
and evaluate efficacy by a temperature rise and relief of

symptoms.

♦ Spread of contrast agent: Contrast should confine itself

to the anterolateral border of the vertebral body in a tight,
linear fashion.
• Movement of contrast agent is cephalad and caudad,
ideally with no lateral diffusion.
• Contrast material that diffuses laterally is usually
deposited either in the psoas muscle or on the fascia;
the effect appears either as a roundish, poorly circumscribed picture, or is bandlike with visibly present muscular striations.
♦ Agents: Phenol or alcohol can be used. Phenol is usually
the agent of choice for neurolysis as it produces a lower
incidence of neuralgia than do equivalent volumes of
alcohol.
• Although volumes as small as 2 mL through each of 3
needles have been used, larger volumes (15 mL) through
a single needle have been equally efficacious.
• Concentrations of 6% phenol have been replaced with
10% and 12% solutions, with evidence in cat sciatic
nerves that higher concentrations produce prolonged
neurological destruction.
♦ After the neurolytic agent has been injected, one mL of
saline solution is placed through the needle to prevent any
neurolytic agent from spilling onto the somatic nerve during
withdrawal.
RF Lesioning

♦ Technical considerations include an in-depth knowledge

of the anatomy of the sympathetic chain and the surrounding structures.
• The aorta and inferior vena cava are located anterior to the
body of the vertebra. The ureters and somatic nerves are
also located in close proximity to the sympathetic chain.
• At the level of L1 and L2, the genitofemoral nerve lies
in close proximity to the sympathetic chain.
• The manner in which the contrast spreads is crucial
to the identification of accurate needle placement in
the facial compartment bounded by the anterolateral
aspect of the vertebral body, the psoas sheath, and
retroperitoneal fascia.
• The contrast will spread in a linear fashion beneath
the facet joints in a cephalocaudad direction visualized in an AP view.
• In a lateral view it will spread in a linear fashion covering the anterior third of the vertebral body, again in
the cephalocaudad direction.
• However, if the contrast is noted laterally in the AP
view it indicates the placement of the needle tip in
the psoas muscle.
• Thermocoagulation with the needle in this position
could result in damage to the lumbar plexus nerves.
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• In addition, spread of contrast anterior to the anterior

part of the vertebral body indicates an intraperitoneal
needle-tip placement.
• Electrostimulation performed to test for proximity to
sensory and motor nerves is performed at 50 to 70 Hz
and 2 to 5 Hz, respectively.
• Tingling in the anterior compartment of the thigh and
knee is tested with a 70 Hz and 1.5V stimulation.
• If no tingling occurs, motor nerve stimulation at 2
Hz and 3V is carried out.
• Low-frequency stimulation should not cause muscle
contraction of the anterior compartment of the thigh
and knee area.
• Because the sympathetic nerves carry afferent pain
fibers, patients might complain of tingling; however,
this would not be in a dermatomal distribution, but
in a quadrantal distribution.
♦ Potential advantages of RF compared with chemical sympathectomy include:
• RF neurolysis obviates the spread of neurolytic solution
to the genitofemoral nerve with resultant complication
of neuritis.
• Chemical neuritis causes severe pain and hyperesthesia in the groin region, in addition to numbness in
approximately 5% to 10% of the patients. This occurs
much less frequently with RF lesioning.
• The neurolytic solution can spread posteriorly between the
slips of origin of the psoas major, beneath which lies the
long winding communicating ramus in a fibrous tunnel.
• The solution could then backtrack and cause neuritis
of the third lumbar nerve, producing pain, dysesthesia, and numbness around the knee area.
• Solution can also enter a dural cuff and cause paraplegia. Motor and sensory loss can occur when the
L1, L2, L3, and L4 nerves are affected.
• Intravascular absorption of phenol can cause tinnitus
and blindness.
• Intravascular absorption of alcohol can cause thromboid embolic phenomena. Both are avoided with RF
thermoneurolysis.
• Urethral strictures may result when neurolytic agents
are injected in the vicinity of the uterus. Hypotension
can occur with chemical sympathetectomy.
♦ Advantages of RF lesioning compared with surgical sympathetectomy include:
• Amelioration of risk of surgery and anesthesia.
• RF lesioning is performed on an outpatient basis.
• Avoidance of all the surgical complications, including
thromboembolic phenomena.
• Ability to perform this procedure bilaterally if
necessary.
• Ability to repeat the procedure with minimal mobility.
♦ Other advantages of RF lesioning include:
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• There is an effective sympathetic blockade with a warm

extremity but without swelling.

• No urethral strictures occur following RF neurolysis.
• Hypotension is less frequent.
• Postsympathectomy sympathalgia is virtually absent

after RF neurolysis.

• The patient will be able to ambulate early.
• Impotence is rare and limited.
• The lesion produced by the RF current is controllable

and discreet.

• The lesion does not spread across the psoas muscle, to

the somatic nerves, or to the subarachnoid space.

Sluijter’s Technique

♦ To properly perform RF of the lumbar sympathetic chain,
♦

♦
♦

♦
♦

♦

it is very important to understand the course of the anterior rami since contact may be made with those nerves
during a sympathetic block (Fig. 17).21
At the L3 level the situation is uncomplicated. The L2
segmental nerve passes well medial to the needle path of
the transforaminal technique and to the L3 segmental
nerve as well.
At the L4 level it should be kept in mind that the anterior
ramus L3 runs in a more lateral direction than does L2.
At the L5 level the situation is different.
• Here the anterior ramus L4 is not a problem since the
L4 nerve runs in a more lateral direction than L3, and is
therefore well lateral to the needle path.
• It is now the L5 nerve itself that may be contacted since
the direction of exit is quite horizontal.
• Under normal circumstances the needle passes cranial
to this nerve but occasionally the iliac crest necessitates
a very marked rotation of the fluoroscope.
• The needle then follows a more caudally directed course
and contact with the nerve is then possible.
• At the level of the L4/5 disc the sympathetic chain
starts running in a more superficial position.
• The end point for a L5 sympathetic block is at twothirds of the vertebral body.
Oblique projection: The spinous process should be projected over the contralateral facet joints and this usually
takes a 35° angle with the sagittal plane.
Axial rotation: For the axial rotation of the C-arm the end
plates can be disregarded.
• The focus of attention should be the transverse
process.
• This will often obstruct access to the target point, which
is the concavity of the vertebral body.
• The axial rotation should be adjusted to move the transverse process upwards until the access to the target point
is free.
Target point: The target point is one mm lateral to the
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A. Oblique view with needle in middle
of vertebral body.

B. AP view. The tip of the needle is projected at the level of the facet joints.

C. Lateral view. The final needle position at the
anterolateral edge of the vertebral body.

Fig. 17. Sluijter’s method of radiofrequency neurolysis of the lumbar sympathetic chain.

Reproduced from Sluijter ME.21 The lumbar sympathetic chain. Radiofrequency Part 1. A review of radiofrequency procedures in the lumbar
region. Meggen: FlivoPress SA, 2001, pp 139-148, with permission from the author.

middle of the concavity of the vertebral body.

♦ Contact with bone is not sought and ideally no contact

with bone should be made during the procedure.
• The depth of insertion should be checked frequently on
lateral projection.
♦ Once the tip of the needle is level with the anterior border
of the intervertebral foramina on the lateral projection, one
must proceed with extreme caution and ask the patient to
report any paresthesias.
• This is the area of potential contact with the L3 anterior ramus.
• If contact is made, do not inject local anesthetic solution since unnoticed mechanical damage to the nerve
might result.
• If contact is made, reposition the needle one mm
caudad and inject 0.2 mL of contrast. This will visualize the nerve and help develop a strategy to bypass
the nerve.
• Once the needle is beyond the midpoint of the vertebral body on the lateral projection, the nerve has been
passed.
♦ The final portion of the introduction of the needle should
be performed on lateral fluoroscopic projection; the needle
should be advanced to be level with the anterior border of
the vertebral body.
♦ At this stage, the fluoroscope should be changed to an AP
projection. The needle tip should now be projected over

the facetal column.

♦ For pulsed RF (PRF) procedure, withdraw the needle 1

cm. This is to be sure that the target will be in front of the
needle.
• The stylet is then removed and the RF probe is inserted.
• Perform sensory motor stimulation at 50 Hz.
• The lowest attainable threshold is found. The needle
is moved forward slowly to find the most superficial
position with the lowest threshold possible.
• Motor stimulation is unnecessary, according to Sluijeter,21
as PRF does not effect myelinated (motor) fibers.
• If the impedance is ≥ 300 ohms, 1 mL of 1% lidocaine is injected.
• The generator is set to pulsed RF, 2x 20 mSec/sec.
• Tip voltage: 45V for 120 seconds.
• Tip temperature: 43°C. If this temperature is exceeded, lower the voltage to 40V.
• Document 50 Hz threshold, impedance, and final tip
temperature.
♦ For heat RF for lumbar neurolysis the stylet is removed,
2 mL of 2% lidocaine is injected, and a continuous lesion
mode is applied.
• Both sensory and motor stimulation should be
performed.
• Tip temperature: 80°C for 60 seconds, and the generator output should be on maximum.
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A. Posteroanterior x-ray view of lumbar spine.

C. Insertion of RF needle.
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B. Entry point.

D. Tunnel vision.

Fig. 18. Illustration of needle placement for lumbar sympatholysis as described by Gauci.102

Gauci’s Technique

Gauci102 described the technique in detail.

♦ Patient lies down in prone position with a pillow under the

abdomen.
• Gauci102 recommends the C-arm image intensifier be
placed on the side being lesioned and the physician also
should work from this side to obtain a good oblique
view of the lumbar spine.
• AP view of the lumbar spine is obtained (Fig. 18A) by
squaring the endplates.
• Oblique view is obtained and entry point is marked.
• For the best results, Gauci102 recommends to get as

close as one can to the lateral margin of the vertebral
body at the level of the relevant sympathetic ganglion
(Fig. 18B).
• Superficial layers of the tissues at the entry point are
infiltrated with local anesthetic.
• A 20-gauge, 145 mm (5 mm active tip) RF needle is
inserted through the entry point, holding it in the axis
of the oblique x-ray beam and manipulating the needle
in the superficial tissues until the hub appears as a dot
on the x-ray screen under tunnel vision (Fig. 18C).
• The needle may be guided into position by using
a pair of sponge-holding forceps so as to keep the
hands out of the x-ray beam.
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A. Posteroanterior x-ray view with RF needle in final position.

C. Lateral x-ray view with RF needle in final position, following
injection of contrast dye.

B. Lateral x-ray view with RF needle in final position.

D. Posteroanterior view with RF needle in final position, following injection of contrast dye.

Fig. 19. Illustration of AP and posterior views of needle placement with Gauci102 technique.
• It is crucial to get the needle as close as possible to
•
•
•
•

the edge of the vertebral body, so advance it gently
(Fig. 18D).
An AP view of the lumbar spine is obtained and the tip of
the needle is advanced so that it comes to lie just medial
to the lateral border of the vertebral body (Fig. 19A).
A lateral view of the lumbar spine is obtained to ensure
that the tip of the needle has reached the anterior edge
of the vertebral body in this view (Fig. 18B).
A small dose of contrast is injected to confirm the correct placement of the needle tip (Figs. 18C and 18D).
RF needle stylet is replaced with the thermocouple
electrode and the stimulation is carried out.
• 50 Hz at 1V often produces a deep ache in the abdo-

men. However, if it produces paresthesia in the territory of a known nerve such as genitofemoral, etc., the
cannula should be repositioned.
• 2 Hz at 3V should not produce any motor contractions in the lower limb; however, if any motor contractions are seen, the cannula should be repositioned.
• After the stimulation studies have been confirmed, initial temperatures may be measured and lidocaine may
be injected.
• The lesioning is carried out at 80° for 90 seconds at
L2, L3 and L4 levels.
• In order to deal with any anatomical variations, Noe and
Haynsworth94 suggested that a carpet of lesions should
be carried out at each level (Fig. 20).
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• The patient is screened for potential contraindications

such as medical instability, allergies, and infection.

Series of
Lesions

• If intradiscal approach is utilized, either intravenous

♦
Psoas
Muscle
Vertebral
Body
Skin

♦

♦

Fig. 20. Barrage of lesions.

Precautions
Relative contraindications to interventional techniques
have been described in patients receiving treatment with
nonsteroidal anti-inflammatory medications (especially aspirin), because of concerns that these agents may compromise
coagulation.108,109 Raj et al108 provided a detailed description of
the role of anticoagulants in interventional pain management.
Nonetheless, discontinuation of nonsteroidal anti-inflammatory drugs and aspirin is not recommended before lumbar
sympathetic interventions.
♦ Prior to lumbar facet joint interventions, patients on warfarin therapy should have prothrombin time (PT) checked
and documented to be at acceptable levels.
• In stopping anticoagulant therapy, one should take into
consideration the risk/benefit ratio of the procedure.
• In addition, the pain physician may also consult with
the physician in charge of anticoagulant therapy.
• It is prudent to advise the patient to contact the physician in charge of anticoagulant therapy and let him/her
make the decision as to the appropriateness of discontinuation of anticoagulant therapy.
♦ Aspirin and NSAIDS alone are considered safe.109
• Combination of these drugs or other antiplatelet therapy with clopidogrel (Plavix) or ticlopidine (Ticlid) may
be considered to increase risk of spinal hematoma.
• The risk and potential discontinuation may be considered by the physician in charge of antiplatelet therapy.
♦ Special attention is given to educating the patient on how to
respond and describe any perceived pain during the procedure.

♦

antibiotics or intradiscal antibiotics should be given.
• If intradiscal antibiotics are given the volume of the antibiotic mixed with Xylocaine should not exceed 0.5 mL.
• A meticulous sterile and a 2-needle technique is
essential for a planned intradiscal approach.
Risks of radiation exposure to the patient and the staff
must be taken into consideration, specifically with oblique
positioning.
Pulsed RF may be performed without injection of local
anesthetic, with instant evaluation without confounding
factors of local anesthetic injection with relief of pain and
changes in temperature if monitored.
A diagnostic block with one or 2 local anesthetics is mandatory prior to neurolytic blocks.
• It is recommended that the blockade be performed at
L2, L3, and L4, and if the foot is involved, block of L3,
L4, and L5.
• The block should not produce any sensory or motor
blockade and also there should not be any evidence of
genitofemoral blockade.
• With pulsed RF the importance of diagnostic blockade
and spillage of local anesthetic is less important compared to chemical neurolytic block. Intravascular, subarachnoid, intradiscal, renal, and uretic puncture must
be avoided. If intravascular puncture is suspected the
needle must be repositioned.
The neural trauma, most commonly the genitofemoral
nerve or lumbar plexus, in addition to traversing nerve
roots, must be avoided.
• If local anesthetic is injected close to the nerves, motor
and sensory blockade may be obtained along with
post-operative complications with numbness or weakness in the lower extremity, groin, anterior thigh, or
quadriceps.
• Lateral spread of neurolytic solution from the lumbar
sympathetic chain can result in genitofemoral neuralgia
or lumbar plexus involvement.104,110-113
• In fact, Cousins et al96 reported mild neuralgia lasting
for less than one week and severe neuralgia lasting for
more than one week in 26% of the patients without
fluoroscopy.
• In addition, with a blind technique with phenol
resulted in neuralgia of 22%, with sensory loss in 5%
and motor weakness in 6%.
• Boas 112 reported a 6% incidence of genitofemoral
neuralgia.
• The genitofemoral neuralgia is most susceptible at L4
and L5 vertebral levels, immediately after it emerges
from the psoas major muscle, where it lies anterior to
the fascia in close proximity to the sympathetic chain.
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Side Effects and Complications
♦ Minor complications of lumbar sympathetic blocks

include postoperative discomfort, mild hematoma formation with blue and black marks, temporary numbness, and
weakness.
♦ More serious complications include intravascular or
subarachnoid injection, retrograde ejaculation specifically with a bilateral sympathectomy, discitis, and spinal
osteomyelitis.110-117
• Genitofemoral neuralgia is the most common complication occurring if the needle is placed too far laterally or
posteriorly, resulting in numbness or weakness in the
groin, anterior thigh, or quadriceps with local anesthetic

injection.104,110-114
• Genitofemoral neuralgia is most commonly seen at L4
or L5 vertebral body injections.95
• Intradiscal injection may cause discitis, and spinal osteomyelitis has been reported.83,114
• Horner syndrome and brachial paresis also have been
reported.115
• Intralymphatic injection has been reported.97
♦ Intravascular and subarachnoid injections may result in
serious complications.
♦ Almost all the complications can be avoided if meticulous
attention is paid to the technique and the final position of
the tip and spread of the contrast agent.

Key Points
1. Lumbar sympathetic block has been advocated for neuropathic pain due to a dysfunctional nervous system.
2. Evidence is limited for sympathetectomy. Nath et al17 reported a trend that sympathetectomy is somewhat effective.
3. Evidence for neurolytic sympatholysis is limited. However, modifying the radiofrequency technique leads to sympatholysis comparable to 6% phenol, with less incidence of post-sympathetectomy neuralgia.
4. Neurolysis can be performed by either chemical agents or radiofrequency.
5. Understanding variations in anatomy of the lumbar sympathetic chain is important to achieve the best results for lumbar
sympathetic blocks.
6. The lumbar artery(s) is located in the middle of the vertebral bodies. Hence, chances of injury are increased with techniques that target the middle of the vertebral body.
7. Blockade can be tested at the bedside by surface temperature monitoring, skin conductance response, or by the sweat test.
8. Complications include backache and genitofemoral neuralgia. The incidence of genitofemoral neuralgia is decreased
when the block is performed at L2 as compared to L4.
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Pain from the lower abdominal as well as the pelvic viscera
travels along the sympathetic chain via the superior hypogastric
plexus. Malignancy involving the pelvic structures as well as the
terminal alimentary canal causes painful conditions, which are
sometimes hard to manage by medication management alone.
Interventional treatments are very successful in controlling these
symptoms. Superior hypogastric plexus block is such a modality,
which provides effective pain relief from the pain arising from
these viscera. Many more noncancer pelvic pain syndromes
affect men as well as women. Pain of genito-urinary origin
(e.g., interstitial cystitis) is one of the most common conditions
causing chronic pelvic pain. In women, gynecological pathology creates difficult to manage chronic pelvic pain syndromes.
Although strong evidence exists as to the efficacy of neurolytic
blocks for cancer pain, local anesthetic blocks may treat chronic
noncancer pelvic pain at least during the acute phase. Historically, Jaboulay1 and Ruggi2 made the first attempts to interrupt
sympathetic pathways from the pelvis in 1899, simultaneously
in France and Italy. Subsequently, in 1921 Leriche3 described a
periarterial sympathectomy of internal iliac arteries to treat pelvic neuralgia. Cotte4 in 1925 described systematical resection of
presacral nerves in the treatment of obstinate dysmenorrhea.
Initially, Plancarte et al5 described superior hypogastric
block in 1990, and found sympathetically mediated pain was
significantly reduced or eliminated in all cases without serious
complications. They also recommended that based on these
results, this block may be performed for diagnostic/prognostic
and therapeutic purposes in patients with chronic pelvic pain,
particularly when pain is of neoplastic origin.
Since the initial description of a superior hypogastric
plexus block by Plancarte et al5 in 1990, multiple investigators
have describe the procedure.6-18 Waldman and et al6 described
superior hypogastric plexus block using a single needle under
CT guidance in 1991. De Leon-Casasola et al9 described
neurolytic superior hypogastric plexus block for chronic pel169

vic pain associated with cancer. Ina and Kitoh7 described a
transvertebral disc L5-S1 technique to superior hypogastric
nerve block in 1992. Kanazi and Frederick19 described a new
technique for superior hypogastric plexus block with an anterior approach. MacDonald8 described a transvaginal approach.
Turker et al16 described a new technique for superior hypogastric plexus block with a posteromedian transdiscal approach.
Erdine et al14 also described transdiscal approach for hypogastric plexus block. The methods described thus far include the
methods used for lumbar sympathetic block. Similar methods
used for lumbar sympathetic block focus on the superior hypogastric plexus, which lies anterior to the lumbosacral junction,
or a newer variation describing transdiscal approach to L5-S1
intervertebral disc.
However, the lower pelvic organs and genitalia are innervated by fibers from the presacral inferior hypogastric plexus
and these fibers are not readily blocked using paravertebral or
transdiscal techniques. Thus, a transsacral approach to blockade of the inferior hypogastric plexus has been described.17
Several benign and malignant pain syndromes involving the
lower pelvic organs may be effectively managed by local anesthetic or neurolytic blockade of the inferior hypogastric plexus.
Particularly, pain involving the bladder, penis, vagina, rectum,
anus, perineum, and lower pelvis is amenable to this block.
Day20 synthesized evidence for hypogastric plexus block
utilizing criteria and graded recommendations established by
Guyatt et al21 with inclusion of 10 articles.5,9,10,12,14,17,19,22-25
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Indications

Clinical Applications

Indications for superior hypogastric plexus block and inferior hypogastric plexus block are similar, with some variations.
♦ The indications for superior hypogastric plexus block
for diagnostic and therapeutic purposes include the
following:
• Gynecological disorders including endometriosis, pelvic adhesions, and pelvic inflammation.
• Nongynecological indications including patients with
interstitial cystitis, irritable bowel syndrome, and other
painful conditions after surgical interventions.
• Chronic pain secondary to neoplasms of pelvic viscera.
♦ Indications for inferior hypogastric plexus block include
certain benign and malignant pain syndromes involving
lower pelvic organs.
• Pain involving the bladder, penis, vagina, rectum, anus,
perineum, and lower pelvis is amenable to this block.
• Refractory pelvic pain, especially from malignant
causes.
• Common pain syndromes treated with blockade of the
inferior hypogastric plexus include:
• Sympathetically-maintained pelvic pain (pelvic
RSD)
• Lower pelvic endometriosis
• Vulvodynia
• Proctalgia fugax
• Radiation-induced tenesmus
• Radiation enteritis involving the rectum or sigmoid
colon
• Pain due to pelvic malignancy
• Acute herpes zoster involving the sacral dermatomes
• Postherpetic neuralgia involving the sacral
dermatomes.
♦ Contraindications include:
• infection
• anticoagulant therapy
• allergies to drugs utilized
• psychogenic pain
• nonaspirin antiplatelet therapy.

♦ Abundant literature exists on the efficacy of sympathetic

♦
♦

♦

♦
♦

♦

blocks in the treatment of visceral pain.
• A local anesthetic block of the superior hypogastric plexus provides a diagnostic as well as a prognostic value.
• Followed by a neurolytic block, especially in the case of
cancer pain, it provides long-term relief from the pelvic
sympathetic pain.
It not only improves the quality of life, but also helps
reduce the dosage of opiate analgesics and contributes to
better cognitive function.
Day20 performed evidence synthesis for hypogastric plexus
blocks and neurolysis utilizing grading recommendations
by Guyatt et al.21 He included 10 reports, of which one
was a prospective, randomized trial,19 4 case reports12,19,24,25
and 5 case series.5,9,10,14,23 The case reports and case series
received a grade 1C, meaning strong recommendation
with low quality or very low quality evidence, but benefits
clearly outweigh risks and burdens, with evidence based
on observational studies and case series, with implications
that strong recommendation may change when higherquality evidence becomes available.
The prospective, randomized trial by Gamal et al17 was
graded as 1B with strong recommendation for moderatequality evidence, with benefits clearly outweighing risks
and burdens, evidence supported by RCT with important
limitations, and an implication of strong recommendation,
which can apply to most patients in most circumstances
without reservation.
Table 1 gives a summary of the evidence for hypogastric
plexus blocks and neurolysis.
Plancarte et al10 published one of the largest studies, with
a total of 227 pelvic pain patients.
• They performed the superior hypogastric plexus block
with 10% phenol after a successful local anesthetic block
using 0.25% bupivacaine.
• A positive response to a diagnostic block was obtained
in 159 patients (79%).
• Overall, 115 of the 159 patients who responded to a
diagnostic block (72%), had satisfactory pain relief
(VAS < 4/10), 99 (62%) after one block, and 16 (10%)
after a second block.
• The remaining 44 patients (28%) had moderate pain
control (VAS 4-7/10) after 2 blocks.
Turker et al,16 using a transdiscal technique, approached
the plexus posteriorly through the L5-S1 disc, advancing
the needle under lateral fluoroscopic view.
• They performed neurolysis with 8 mL of 10% phenol
solution.
• All patients had significant pain relief immediately after
the block, lasting from 6 to 12 months, and their pain
severity scores and opioid consumption were reduced by
more than 50%.
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Table 1. Summary of hypogastric plexus block/neurolysis articles.
Authors
Gamal et al17
Erdine et al

Diagnosis

No. of Patients

P,R

Pelvic CA pain

30

CS

Pelvic CA pain

28

1C

CS

Pelvic CA pain

227

1C

CR

Non-CA pelvic pain

2

1C

CR

Endometriosis

3

1C

CS

14

Plancarte et al

10

de Leon-Casasola et al

9

Plancarte et al

5

Maurer et al

23

Michalek, Dutka

24

Wilseyet al

25

Kanazi et al

19

Rosenberg et al

12

Grade of
Recommendation

Study Type

CS
CS

CR

CR

Pelvic CA pain

Pelvic CA pain
Endometriosis

Pelvic CA pain
Penile pain

20

26
5

2

1

1B

1C

1C
1C

1C

1C

CR, case report; CS, case series; P,R, prospective, randomized; CA, cancer.

Anatomy
• There were no complications such as discitis, disc rup-

ture, or nerve injury.

• Although the authors did not mention the use of anti-

♦

♦
♦

♦

biotics, it is prudent to provide some coverage for infection, as discitis is a distinct and debilitating possibility.
Erdine et al14 described a transdiscal approach in 20
patients with “loss of resistance” to identify the retroperitoneal space as the needle exits the disc.
• Sixty percent or 12 patients had significant pain relief
immediately after the block, 24 hours after, and one
month after the block.
• However, there was no significant difference obtained
after one month.
• The daily analgesic requirement decreased significantly
after the block.
• Patient satisfaction was good, with 75% satisfied.
Gamal et al17 concluded that the transdiscal approach of
superior hypogastric plexus is easier, safer, and more effective with fewer side effects than the classic approach.
Rosenberg et al12 reported the results of hypogastric plexus
block in a patient with severe chronic nonmalignant penile
pain after transurethral resection of the prostate.
• A diagnostic block performed with 0.25% bupivacaine
and 20 mg of methylprednisolone acetate was effective
in relieving the pain for more than 6 months.
Schultz18 described a transsacral approach for inferior
hypogastric plexus block with results showing initial relief
and safety.
• However, there are no outcome studies with this
technique.

♦ The function of the hypogastric plexus with regards to pel-

vic viscera is analogous to the function of the celiac plexus
in relation to abdominal viscera.
• The hypogastric plexus, like the celiac plexus, contains
efferent pre-and postganglionic sympathetic fibers, preganglionic parasympathetic fibers, and visceral afferent
pain fibers.
• The superior and inferior hypogastric plexuses receive
input from sympathetic preganglionic fibers whose cell
bodies reside in the intermediolateral cell columns of
the lower spinal cord.
• These efferent, preganglionic fibers leave the spinal
cord via the ventral roots of spinal nerves then exit the
spinal nerves via the white rami communicantes into
the lumbosacral sympathetic chain.
• The axons pass through the sympathetic ganglia without synapsing and course through the lumbar and sacral
splanchnic nerves to synapse with postganglionic fibers
within the superior and inferior hypogastric plexuses.
• Postganglionic sympathetic fibers then leave the superior and inferior hypogastric plexuses to innervate pelvic
viscera.
• In addition to efferent sympathetic fibers, the hypogastric plexuses contain efferent preganglionic parasympathetic fibers which ascend from the sacral segments S2,
S3, and S4.
• These parasympathetic fibers course through the plexuses to synapse with postganglionic fibers within pelvic
viscera.
♦ Fig. 1 illustrates nerves of the pelvic viscera in males.
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Fig. 1. Nerves of the pelvic viscera: male.

Netter medical illustration used with permission of Elsevier. All rights reserved.

♦ Fig. 2 illustrates nerves of the pelvic viscera in females.
♦ Fig. 3 shows the topography of the sympathetic nervous
system, identifying the superior hypogastric plexus and
inferior hypogastric plexus in relation to the entire sympa-

thetic nervous system.

♦ Fig. 4 shows the general topography of the parasympathet-

ic nervous system, illustrating the pelvic splanchnic nerves
from S2-4 and the inferior hypogastric plexus.

Ch. 13
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Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 3. Topography of the sympathetic nervous system
identifying the superior hypogastric plexus and inferior
hypogastric plexus in relation to the entire sympathetic
nervous system. Netter medical illustration used with permission
of Elsevier. All rights reserved.

♦ Fig. 5 illustrates the autonomic nerves and ganglia of the

abdomen.
♦ The superior hypogastric plexus lies anterior to the L5
vertebral body and the sacral promontory on both sides of
the midline (Fig. 6).
• The superior hypogastric plexus extends caudally to
become the left and right hypogastric “nerves,” which
may be single or contain various longitudinal fibers interconnected by anastomosing filaments (Figs. 1 and 2).

Fig. 4. General topography of the parasympathetic nervous system illustrating the pelvic splanchnic nerves from
S2-4 and the inferior hypogastric plexus.
Netter medical illustration used with permission of Elsevier. All
rights reserved.

• The hypogastric nerves are sometimes called the middle

hypogastric plexus and contain mostly sympathetic fibers
which course through to the inferior hypogastric plexus.
• The bilateral inferior hypogastric plexuses are interconnected networks of nerves that lie within the bilateral
presacral tissues on either side of the rectum ventral to
the S2, S3, and S4 spinal segments (Figs. 1 and 2).8
♦ The inferior hypogastric plexuses are formed by:
• Efferent sympathetic fibers from the hypogastric nerves

Ch. 13
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Fig. 5. Autonomic nerves and ganglia of the abdomen.

Netter medical illustration used with permission of Elsevier. All rights reserved.

Fig. 6. Anatomy of the superior hypogastric plexus.
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and from pelvic splanchnic nerves.

• Preganglionic parasympathetic fibers from pelvic

♦
♦

♦

♦

splanchnic nerves and visceral afferent fibers from pelvic viscera (Fig. 5).
The fibers from the superior hypogastric plexus innervate
the various upper pelvic viscera including the lower colon
and proximal ureters (Figs. 3 and 4).
The fibers from the inferior hypogastric plexus innervate
the lower pelvic viscera including the sigmoid colon, rectum, urinary bladder, and distal ureters in both sexes; the
seminal vesicles, prostate, and penis in males; and the ovaries, fallopian tubes, uterus, uterine cervix, and vagina in
females (Figs. 3 and 4).
Afferent pain fibers from these pelvic viscera run within the mixed nerves of the inferior hypogastric plexus
back toward the central neuraxis and carry pain impulses
through dorsal root ganglia and into the dorsal horn of the
spinal cord.
In addition to transmitting visceral afferent pain impulses
from pelvic viscera, the fibers of the superior and inferior hypogastric plexuses are thought to play a role in the
pathophysiology of certain sympathetically-maintained

Fig. 7. Illustration of the hypogastric plexus.

pelvic pain syndromes (“pelvic RSD”) analogous to the
role played by the celiac plexus in sympathetically-maintained abdominal pain.
♦ The sacrum is shaped like a cupped hand with the palm
facing ventrally toward the pelvic viscera.
• The sacrum surrounds a central canal and contains 4
pairs of sacral foramina which have aligned dorsal and
ventral openings.
• These foramina communicate with the central sacral
canal and transmit the sacral nerve roots.
• Specifically, the dorsal sacral foramina transmit the
small dorsal primary rami of the first 4 sacral spinal
nerves into the posterior sacral tissues.
• Conversely, the larger ventral rami of S1 through S4 are
transmitted out of the ventral sacral foramina into the
presacral pelvic tissues.
• Depending on the degree of lumbar lordosis, the sacrum
is tipped more or less dorsally.
• The sacral foramina can therefore be viewed end-on
and identified as small circles or semicircles with a fluoroscopic beam tilted from 30 to 60 degrees cephalad.
♦ Fig. 7 illustrates the hypogastric plexus.

From: Clinical Anatomy for Medical Students. Lippincott Williams & Wilkins, 2000. Used with permission.
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Technique
♦ Fluoroscopy or CT guidance is mandatory.

• Fluoroscopy helps locate the entry site, guide the needle

to its final position, and confirm the position of the needle, as well as rule out any intravascular injection with
the help of contrast injection and its spread.
• Many practitioners routinely use CT scan for a neurolytic block.
• This is especially helpful in case of a large tumor in the
pelvis, which may not be very well defined under fluoroscopic view.
♦ The methods described for superior hypogastric blockade
in interventional pain management include the following:
• A technique similar to lumbar sympathetic block with
a traditional approach with needles placed along an
oblique, paravertebral track, anterolateral to the L5 vertebral body.15
• A transdiscal approach through the L5/S1 intervertebral disc.7,14,16
♦ A technique described to block inferior hypogastric plexus
with a transsacral approach.17

♦

♦

♦

Traditional Approach

♦ Under fluoroscopic view, the L5-S1 intervertebral disc

is identified and optimized for a “squared” view, meaning that it is perfectly perpendicular to the x-rays. This is
achieved by tilting the fluoroscopic C-arm in a cephalocaudal direction (Fig. 8).
♦ Once this view is optimized, the C-arm is then rotated in

♦

A. AP view of the SHP block under fluoroscopy.

Fig. 8. Traditional approach to superior hypogastric plexus block.
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an oblique manner to align the posterior lateral surface of
the L5-S1 disc.
An entry site is marked on the skin and is usually found to
be 7 – 8 cm from the midline. A 6-inch or 7-inch needle
(although most studies have used a Quincke type needle
with a sharp bevel, this author prefers a pencil-point needle
or a B-bevel needle to minimize tissue trauma), is inserted
in the direction guided by the x-rays.
• The needle is aimed medial-caudad and anterior as it
is advanced under repeated intermittent fluoroscopic
views.
Applying a small curve to the needle tip approximately one
cm from the tip will help steer the needle in the desired
direction, and can be effectively used to avoid traversing
the L5-S1 intervertebral disc.
• The left side is the preferred side for the first needle,
as the plexus has a tendency to be slightly on the left
side (following the iliac artery after its origin from the
aorta).
• In lateral view, the needle tip is placed just slightly anterior to the L5-S1 disc.
Once positioned, a second needle is placed in a similar
manner from the right side. It is advisable to hold injecting
the radio-opaque contrast medium until both needles are
placed, as the contrast may hamper the view while placing
the second needle.
• In cases where the tumor invasion may block the needle
entry on the right side, only a left-sided needle is placed.
The contrast material is injected under live fluoroscopic
view to identify any intravascular injection, especially into
the common iliac artery.

B. Lateral view of the SHP block under fluoroscopy.
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• Proper spread of the contrast is seen as a crescent shape

in front of the L5/S1 disc adhering to the contour of
this disc and the sacral promontory.
♦ 7-10 mL of injectate is then injected through each needle.
In case of a neurolytic block, phenol 10 – 12% is injected
using the same volume.
♦ The patient is kept in the same position (prone) for about
30 minutes, to avoid the spread of neurolytic agent posteriorly towards the lumbosacral nerve roots.
• Similar technique has also been described as “coaxial
technique” by Stevens et al.26

A. Needle placement into L5/S1 disc with a double
needle approach: oblique view.

C. Illustration of needle placement in the lateral view with the
double needle technique passing through the disc with injection of contrast, illustrating superior hypogastric plexus filling
pattern.

Transdiscal Approach

♦ Ina and Kitoh,7 Turker et al,16 and Erdine et al14 described
transdiscal approaches to the superior hypogastric plexus.

♦ The transdiscal approach through L5/S1 disc (Fig. 9) is as
follows:
• The L5/S1 disc is approached with double needle technique and oblique projection.
• After the needle enters the disc it continues to pass
through the disc until it emerges on the anterior aspect
of the disc through the needle.

B. Illustration of needle placement in the lateral view.

D. AP view of superior hypogastric plexus block after injection of contrast with a left-sided approach.

Fig. 9. Illustration of left-sided transdiscal approach to superior hypogastric plexus block at L5/S1 disc level.
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• Contrast injection shows clear outlining of the superior

hypogastric plexus.
• Following the confirmation with contrast injection,
local anesthetic or phenol for chemical neurolysis is
injected.
• Injection of antibiotic to avoid discitis is extremely important. One may also consider administering
intravenous antibiotics.
• Sterile precaution should be similar to discography.
Inferior Hypogastric Plexus Block by Transsacral
Approach

♦ Schultz18 described inferior hypogastric plexus block
utilizing a transsacral approach.

♦ The patient is placed in the prone position on the x-ray
table.
• Sterile preparation is carried out.
• An AP scout view of the sacrum is obtained and the
C-arm is tilted cephalad to view the sacral foramina
“end-on” as circles or semicircles on each side of the
midline (Fig. 10).

A. Anteroposterior view of sacrum with tilting of the C-arm
cephalad to view the sacral foramina: end on as circles or semicircles on each side of the midline.
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♦ Fluoroscopy is used to mark a skin entrance point on

the skin surface 1 – 2 cm lateral to the lateral edge of
the S2 or S3 sacral foramen on the side to be blocked
(Fig. 11).
• Choose the foramen that is most easily visible. This
block can be performed through S1, S2, S3, or S4.
• A skin wheal is raised over the skin entrance site and
a path of anesthesia is infiltrated toward the targeted
sacral foramen.
• An appropriately bent 25-gauge spinal needle is
passed through the anesthetized track and advanced
down to the lateral aspect of the foramen. The bone
is contacted.
♦ Fluoroscopy is used to advance the needle through the
dorsal sacral foramen toward the medial interior edge of
the ventral sacral foramen (Fig. 11):
• The medial bony edge of the ventral sacral foramen is
contacted.
• The needle is maneuvered along the medial edge of
the ventral sacral foramen to exit the ventral foramen
as medial as possible.
• The needle is advanced anteromedially another mil-

B. Labeled anteroposterior view of sacrum with tilting of the
C-arm cephalad to view the sacral foramina: end on as circles
or semicircles on each side of the midline.

Fig. 10. Illustration of positioning for inferior hypogastric plexus block with a transsacral approach.
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A. Illustration of skin insertion point into left S2 dorsal
foramina.

C. AP view of needle placement into left S2 dorsal foramina.

E. Contact is made in PA view with the medial bony
edge of the ventral sacral foramina.

B. Insertion of a spinal needle into left S1 dorsal foramina.

D. Lateral view of needle placement through S2 dorsal
foramina.

F. Lateral view illustrating the needle position after the contact
has been made with the medial bony edge of the ventral sacral
foramina.

Fig. 11. Illustration of needle placement for inferior hypogastric plexus.
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A. The needle advancement antero-medially to-

ward the midline presacral plane before injecting
the contrast medium.
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B. AP view after contrast injection.

C. Lateral view after contrast injection showing the cephalad and
caudad spread along the presacral
plane.

Fig. 12. Illustration of the contrast spread, cephalad and caudad along the presacral plane conforming to the midline, ventral sacral surface, indicating the needle position at the optimum site.

limeter toward the midline presacral plane.

• Contrast is injected slowly (2 – 5 mL).

♦ Fig. 12 illustrates final needle positioning with contrast

injection.
• If the needle is in optimal position, the contrast

should spread cephalad and caudad along the presacral plane, conforming to the midline, ventral sacral
surface.
• The active medication is injected (10 mL of local anesthetic mixed with steroid).
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Precautions

• An oblique posterior approach under fluoroscopic or

♦ Relative contraindications to interventional techniques

♦

♦

♦
♦
♦
♦

have been described in patients receiving treatment with
nonsteroidal anti-inflammatory medications (especially
aspirin), because of concerns that these agents may compromise coagulation.26,27
• Raj et al27 have provided a detailed description of the role
of anticoagulants in interventional pain management.
• Nonetheless, discontinuation of nonsteroidal antiinflammatory drugs and aspirin is not recommended
before hypogastric plexus block procedure.
Prior to hypogastric plexus block procedure, patients on
warfarin therapy should have prothrombin time (PT)
checked and documented to be at acceptable levels.
• It is prudent to advise the patient to contact the physician in charge of anticoagulant therapy and let him/her
help make the decision as to when to stop anticoagulants and for how long.
Aspirin and NSAIDS alone are considered safe.26
• However, combination of these drugs or other antiplatelet therapies with clopidogrel (Plavix) or ticlopidine (Ticlid) may increase risk of spinal hematoma.
• The thromboembolic risk of discontinuing anticoagulation therapy must be considered by the physician in
charge of antiplatelet therapy.
Precautions must be exercised to avoid puncturing iliac
vessels, intestines, bladder, rectum, or uterus.
Discitis is a common problem unless appropriate precautions are taken. Antibiotic coverage with intradiscal
approach may also be helpful.
Nerve injury preceded by paresthesia should be avoided.
Poor technique may result in dural puncture and additional
precautions must be exercised with injection of neurolytic
agents.

Side Effects and Complications
♦ The majority of the studies report transient or no compli-

cations from the superior hypogastric plexus block. Even
one of the largest studies10 did not detect any complications related to the block.
♦ Possible complications from the superior hypogastric
plexus block may result from the placement of the needle
as well as from the injectate.
• Depending on the approach, the most vulnerable structures seem to be the iliac vessels.

♦
♦
♦

♦

♦
♦
♦

CT guidance may help avoid this injury by properly
guiding the needle.
• However, due to the cancer in the region, the anatomy
may be distorted, and a vascular injury may occur.
• Under fluoroscopic guidance, the soft tissue is not
well-defined, and may lead to unwanted complications during the needle placement.
The anterior approaches also did not cause any significant
complications, but the potential for intestinal, bladder, or
uterine puncture always remains.
Although no discitis was reported with the transdiscal
approach, it would seem logical to include antibiotic coverage as a prophylactic measure.
Transient paresthesia is probably the most common
adverse event during transsacral blockade of the inferior
hypogastric plexus and occurs in approximately 5% of the
procedures performed by this author.
• The sacral spinal nerves with their dorsal and ventral
rami course in close proximity to the advancing needle
and may be occasionally contacted by the needle tip.
• If paresthesia begins to occur, the bent needle tip should
be rotated slightly in order to steer around the path of
the traversing nerve before advancing further. Persistent
paresthesia and/or permanent nerve injury has not been
reported.
Rectal puncture is possible if the needle tip is advanced too
deeply into the presacral tissues.
• The rectum lies in close proximity to the ventral
sacrum.
• Rectal penetration should be easily avoided by visualizing the needle depth using lateral fluoroscopy as the
needle tip emerges from the ventral sacral foramen.
• The space between the ventral surface of the sacrum
and the rectum is typically greater than one mm and
the needle tip need only be advanced slightly past the
ventral edge of the sacrum.
Other possible adverse events include vascular penetration of one of the numerous pelvic vessels, hematoma, and
infection.
Dural puncture is extremely unlikely since the properly
placed needle should course well lateral of the dural sac at
S1, and the dural sac tapers and ends at S2.
Neurolytic agents as well as local anesthetic agents may
cause complications related to intravascular injection, and
care must be taken to ascertain that there is no intravascular
spread of the radio-opaque contrast upon live injection.
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Key Points
1. The hypogastric plexus supplies sympathetic innervation to the pelvic viscera and transmits afferent pain fibers from
these pelvic viscera to the spinal cord.
2. Blockade of the hypogastric plexus may help in the diagnosis and treatment of chronic pelvic pain.
3. The lower pelvic organs and genitalia are innervated by fibers from the presacral inferior hypogastric plexus and these
fibers are not readily blocked using traditional techniques to block superior hypogastric plexus.
4. The methods described for superior hypogastric plexus blockade include a traditional approach similar to lumbar sympathetic block, a transdiscal approach through L5/S1 disc.
5. Inferior hypogastric plexus block is performed with a transsacral approach.
6. The blockade of superior hypogastric plexus may not block the inferior hypogastric plexus.
7. Clinical effectiveness of local anesthetic and neurolytic blocks of superior hypogastric plexus have been demonstrated.
8. Clinical effectiveness of inferior hypogastric blocks has not been evaluated.
9. Precautions must be exercised to avoid puncturing iliac vessels, intestines, bladder, rectum, or uterus.
10. Side effects and complications are rare and transient; however, serious complications including discitis and intravascular
trauma are potentially devastating.
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Perineal pain is a common problem, especially in females,
which produces a great degree of functional impairment and
frustration to the patient and a challenge to the treating physician.1 Even though, characteristically, sympathetic pain in the
perineal region has distinct qualities, it tends to be vague and
poorly localized, and is frequently accompanied by sensations
of burning and urgency, different from somatic pain mediated
by coccygeal nerves. Consequently, the diversity of presentation and etiology increases the complexity of the issue. The etiology of chronic perineal pain is complex and may range from
benign causes like chronic prostatitis and chronic proctitis to
malignant conditions of pelvic organs.
Interventional techniques have been widely used in the
management of chronic perineal pain.1 Ganglion impar or
ganglion of Walther block is useful in the evaluation and management of sympathetically mediated or maintained pain of
the perineum, rectum, and genitalia.2 Sympathetic blocks have
long been used for the treatment of pain arising from the visceral structures. The afferent transmission of impulses from
the viscera via the sympathetic chain can be effectively blocked
using various interventional modalities, thereby relieving pain
from these viscera.
Plancarte et al3 described presacral blockade of ganglion
of Walther. However, this technique has been used primarily in the treatment of pain secondary to malignancy. Sympathetic blocks are applied for various nonmalignant pain
syndromes, including pain secondary to endometriosis, reflex
sympathetic dystrophy or CRPS, causalgia, proctalgia fugax,
and radiation enteritis, if the pain has failed to respond to
more conservative therapeutic modalities. Since pelvic and
perineural structures are innervated by somatic, as well as
sympathetic nerves, the blockade of ganglion impar provides
a selective sympathetic block without significant somatic-vis-
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ceral dysfunction.2 Thus, blockade of ganglion impar is considered a safer and acceptable alternative compared to a neurolytic block of somatic nerves which may lead to unwanted
sensory loss and loss of sphincter control.
Since Plancarte et al’s3 description of this block in 1990,
several different methods for accessing this ganglion have
been described. The block has been used for malignant as
well as nonmalignant pain (such as coccydynia) in the perineal region. McAllister et al4 described successful treatment
of postherpetic neuralgia in the sacral region using a ganglion
impar block.
The ganglion impar block with local anesthetic has been
used as a diagnostic tool when performing differential neural
blockade on an anatomic basis in the evaluation of pelvic and
rectal pain, in addition to as a therapeutic block.1-24 A neurolytic block of the ganglion impar is indicated for the palliation
of persistent pain syndromes that have temporarily responded
to blockade of the ganglion with local anesthetic if the risk
of side effects is outweighed by the potential benefits of the
procedure.
♦ Day25 performed a literature search and synthesized the
evidence and provided recommendations. Day25 evaluated
evidence for ganglion impar block and neurolysis utilizing
grading recommendations of Guyatt et al.26
• Day25 included 4 articles for evidence synthesis with 3
case reports and one prospective case series.4,16,20,27 The
evidence provided was 1C, with strong recommendation
with low quality evidence. Strong recommendation was
provided secondary to the indications for the block:
• Vulvar cancer pain
• Chronic perineal pain
• Sacral postherpetic neuralgia.
♦ Table 1 illustrates the summary of ganglion impar block.
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Indications

Clinical Applications

♦ Pain arising from the lower sacral dermatomes that is

♦ Extensive literature exists on the sympathetic nature of vis-

♦

♦

♦
♦

sympathetic in nature (such as postherpetic neuralgia) or
perineal-pelvic visceral pain can be successfully treated by
blocking this sympathetic ganglion.
• Although several practitioners have used this block
for chronic nonmalignant pain, most of the literature
reports its use for malignant pain4-6 affecting the perineal structures.
Ganglion impar block is useful in the evaluation and management of sympathetically mediated pain of the perineum, rectum, and genitalia.
• In recent years, the technique has been used in the treatment of pain secondary to malignancy as well as in the
management of chronic nonmalignant pain.
• Ganglion impar block may also be applied as a diagnostic tool prior to neurolytic blockade.
Indications for ganglion impar block are as follows:
• Pain of sympathetic origin of perineum, rectum, and
genitalia
• Proctalgia fugax
• Endometriosis
• Radiation enteritis
• Interstitial cystitis
• Hyperhyhirosis of perineum and buttock
• Pain secondary to malignancy of pelvis, perineum, and
genitalia.8
Most of the literature describes this block for malignant
pain.5-7
Multiple reports have described ganglion impar block for
various indications including interstitial cystitis and all
types of pain of perineum and genitalia, including pelvic
endometriosis and proctalgia fungax.1,4,7-24

ceral pain. The nociceptive input from the visceral structures
travels along the sympathetic nervous system.
• Blockade of sympathetic chain and ganglia provide
analgesia for painful visceral structures.
• The ganglion impar, the last structure in the sympathetic chain, is involved in nociceptive transmission
from the perineal structures.
• Pain from other syndromes such as postherpetic neuralgia may be sympathetically mediated even though the
somatic nerves are primarily affected.
• Blockade of this ganglion, then, not only provides analgesia in the perineum but also does it in a very safe and
effective manner without disrupting the other sensorymotor nerves.
Patt24 studied 16 patients, with 50% of the patients reporting 100% relief and an additional 7 patients reporting pain
relief of 60% or greater.
• Plancarte et al3,23 in the first published report of interruption of the ganglion impar for relief of perineal pain
in 1990, reported results of 16 patients. All patients had
advanced cancer and pain persisted in all cases despite
surgery and chemotherapy, radiation, analgesics, and
psychological support.
• Localized perineal pain was present in all cases, and
was characterized as burning and urgent in 8 patients
and a mixed character in another 8 patients.
• Pain was referred to the rectum, perineum, or
vagina.
• After preliminary local anesthetic blockade and subsequent neurolytic block, 8 patients experienced complete relief of pain, and the remainder experienced

Table 1. Summary of studies of ganglion impar block and neurolysis.
Authors

Study Type

Diagnosis

No. of Patients

Grade of
Recommendation

Reig et al16

P,CS

Non-CA perineal pain

13

1C

Ho et al27

CR

CA

1

1C

McAllister et al4

CR

Postherpetic neuralgia

1

1C

Loev et al20

CR

CA pain

1

1C

CR, case report; P,CS, prospective case series; CA, cancer.

Adapted and modified from Day et al.25 Sympathetic blocks: The evidence. Pain Practice 2008; 8:98-109.

Ch. 14

•
•
•

•

•
•

•

•

Ganglion Impar Block

significant reductions in pain with relief of greater
than 60%.
• Follow-up depended on survival and was performed
for 14 to 120 days.
McAllister et al4 has described successful treatment of
postherpetic neuralgia in the sacral region using a ganglion impar block.
Kabbara8 described a case in which coccyodynia was
controlled with a blockade of ganglion impar through
the sacrococcygeal junction.
Michalek et al9 described management of 26 patients
with chronic noncancer perineal pain after perineal surgery, vulvodynia, and vulvar pruritus.
• They performed a diagnostic local anesthetic injection, the effect lasting for 2-5 days, followed by multiple injections using a mixture of local anesthetic
with clonidine (10 mL bupivacaine, 0.375%, plus 75
μg clonidine).
• They postulated that clonidine extended the analgesic effect to as long as 14 days.
Buttaci et al12 reported a case series with results from 6
patients encompassing 20 procedures.
• Each of the 20 injections produced significant
relief with the proportion of relief per injection
varying from 20% to 75%, with a majority of
patients reporting 50% to 75% relief for injection, generally lasting weeks to months, with 0.5%
bupivacaine.
Foye et al13 published a case report with coccygeal pain
with 100% relief lasting over one year.
Munir et al15 reported a modified needle-inside-needle
technique for the ganglion impar block as the technique
of choice with low complication rate and improved success rate.
Reig et al16 described thermocoagulation of the ganglion impar in a prospective study of 13 patients with
chronic perineal, noncancer-related pain followed for 6
months.
• Results showed that the modified approach to the
block and use of radiofrequency for the ganglion
impar is useful for the treatment of perineal noncancer-related pain.
Toshniwal et al1 studied 16 consecutive patients in a
prospective observational report with chronic perineal
pain treated with ganglion impar block.
• They reported all the patients having significant
pain relief during 2-month follow-up compared
to baseline utilizing a trans-sacral coccygeal
approach.
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Anatomy
♦ The ganglion impar, a single ganglion, is converged by

♦

♦

♦

♦

the caudal ends of the 2 sympathetic trunks.25
• The success rate of ganglion impar block depends
on the anatomical variability of the location of the
ganglion.20
• Location of ganglion impar has been described to vary
from the anterior to the sacrococcygeal joint14,19,20,29 or
the coccyx,30-33 to the tip of the coccyx.34
• Oh et al28 performed a study of topographic anatomy
on the ganglion impar and reported the following:
• The shape of the ganglion was classified as oval in
26%, irregular in 20%, triangular in 14%, elongated
in 10%, rectangular in 8%, and U shaped in 8%.
• In 14% of the samples, they reported the connection
of 2 caudal ends of the sympathetic trunks without
forming a recognizable ganglionic shape.
• The average long and short diameters of the ganglion were 2.5 and 1.1 mm for the oval type, 4.2
and 2.5 mm for the irregular type, 1.9 and 1.3 mm
for the triangular type, 1.8 and 0.7 mm for the rectangular type, and 4.4 mm for average length of the
elongated type.
• They also reported that the average distances of
the midpoint of the sacrococcygeal joint and the
tip of the coccyx to the ganglion impar to be 8.6
mm (0-19.3 mm) and 25.0 mm (10.7-37.4 mm),
respectively.
• Fig. 1 illustrates the locations of the ganglion impar, in
terms of relative index.
• Fig. 2 illustrates frequency of the distance of the ganglion
impar from the tip of the coccyx
The sympathetic chain lies over the anterolateral aspect of
the vertebral column.
• As the 2 chains continue caudad, the sacral sympathetic
ganglia form the inferior portion of the sympathetic
outflow.
Their terminal portions merge in the midline to form
the last ganglion of the sympathetic chain known as ganglion impar, Ganglion of Walther, or the sacrococcygeal
ganglion.
Ganglion impar lies in the retroperitoneal space in front of
the sacrococcygeal junction.
• As the 2 sympathetic chains descend, they merge in
front of the sacrococcygeal junction to form the ganglion impar (Figs. 3 and 4).
The ganglion is surrounded by perineal structures, such as
the rectum, anteriorly.
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Fig. 1. The locations of the ganglion impar, in terms
of relative index. Used with permission from Oh et al.28
Clinical implication of topographic anatomy on the ganglion
impar. Anesthesiology 2004; 101:249-250.

Fig. 2. Frequency of the distance of the ganglion impar
(GI) from the tip of the coccyx. Used with permission from
Oh et al Oh et al.28 Clinical implication of topographic anatomy
on the ganglion impar. Anesthesiology 2004; 101:249-250.

• Although there are no major blood vessels

around the ganglion, the rectum and the
sacrococcygeal peritoneum can lead to bleeding during an intervention.
♦ In most patients, the ganglion is comprised of a
single anatomic structure.
♦ The ganglion receives fibers from the lumbar
and sacral portions of the sympathetic and
parasympathetic nervous system and provides
sympathetic innervation to portions of the pelvis viscera and genitalia.
♦ Fig. 5 illustrates anatomical aspects of the ganglion impar with a lateral and anteroposterior
illustration.

Fig. 3. Anterior surface of sacrum and the sympathetic chain.
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Fig. 4. Illustration of the ganglion impar. Reproduced from Gray’s Anatomy for Students, with permission from Elsevier.

A. Anteroposterior illustration of lumbosacral spine.
Fig. 5. Illustration of the ganglion impar.

B. Lateral illustration of sacrum.
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Technique
♦ For technical purposes, the ganglion impar is the terminal

coalescence of the sympathetic chain.
• Thus, in the context of ganglion impar block, it lies in
front of the sacrococcygeal junction and is amenable to
needle placement at this level.
• Figs. 1 and 2 illustrate locations of the ganglion impar
in terms of relative index and frequency of the distance
of the ganglion impar from the tip of the coccyx.
• Figs. 3 and 4 show an illustration of sympathetic chain
and ganglion impar in anteroposterior and lateral
views.
• Loev et al20 found that the success rate of ganglion
impar block depends on the anatomical variability of
the location of the ganglion.
• As described in anatomy, location has been discovered
to be highly variable.
• Multiple reports on the blockade of the ganglion depicted
its location anterior to the sacrococcygeal ligament,14,19,20,29
whereas anatomy textbooks locate it anterior to the coccyx,30-33 at the coccyx, or at the tip of the coccyx.37
• Oh et al28 observed the branches from the ventral ramus
of the sacral nerve to run close to the ganglion impar in

Fig. 6. Illustration of needle type bends in performing
ganglion impar block.

30 of the 50 samples, which may increase the development of neuritis and neuralgia after neurolysis.35
• Thus, precision diagnostic and therapeutic block with
minimal and optimal amounts of blocking agents is
essential.
♦ While the technique has been described as a blind technique as well as under fluoroscopy and with CT, fluoroscopy technique is described here and is recommended for
ease.
• Fluoroscopy helps locate the entry site, guide the needle
to its final position, and confirm the position of the needle, as well as rule out any intravascular injection with
the help of contrast injection and its spread.
• CT scan for a neurolytic block is especially helpful in
case of a large tumor in the sacral fossa, which may not
be very well defined under fluoroscopic view.
♦ Ganglion impar block may be performed with fluoroscopy
utilizing multiple techniques:
• A bent needle technique introduced through the anococcygeal ligament in the midline (Fig. 6).
• A trans-sacrococcygeal approach.5,18-20
• Other techniques include a paramedian approach4 and a
lateral approach.14,21
• Nebab and Florence14 described an alternative needle
geometry for interruption of the ganglion impar.
• Munir et al15 described a modified needle-inside-needle
technique for the ganglion impar block.
• Reig et al16 proposed a modified approach to the thermocoagulation of the ganglion impar using a 2-needle
technique, the first one placed through the sacrococcygeal ligament, the trans-sacrococcygeal needle, and
the second one through a coccygeal disc, the transdiscal
needle.
• Fig. 7 shows an alternative needle geometry for interruption of the ganglion impar, with Fig. 7A showing a
straight and curved 3.5-inch, 23-gauge spinal needle,
whereas Fig. 7B illustrates lateral view of the proper
placement of the curved needle.
♦ Plancarte et al7 described the original technique.
• According to this technique, a 3.5-inch 22-gauge spinal
needle is bent at an angle and introduced through the
anococcygeal ligament in the midline.
• The needle is directed cephalad and posterior and is
kept close to the coccyx and guided to the anterior portion of the sacrococcygeal junction in the retroperitoneal space.
• A finger of the nondominant hand is kept in the rectum
throughout the procedure to avoid the needle entering
the rectum.
• This technique, however, has some limitations, and
makes it difficult to perform.
• The “bent” needle is difficult to guide due to the
bend, and it also makes it hard to remove the stylet.
• Using a Quincke type needle may cause unwanted
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S1

Sacrococcygeal
Juntion
Coccyx

Ganglion Impar
Rectum

Anococcygeal
Ligament

Fig. 7. Illustration of an alternative needle geometry for interruption of the ganglion as described by Nebab and
Florence.14
tissue damage and lead to bleeding.

• Keeping the finger in the rectum may even lead to

♦
♦

♦
♦
♦

injury to the practitioner.
• Fig. 6 illustrates 3 types of needle bends of a 22-gauge
Quincke type needle with a single bend needle, curved
needle, and a double bend needle.
• A curved needle technique described by Nebab and
Florence14 may make it easier to guide the needle in the
manner of a “suture” needle (Fig. 7).
• A double bend needle has also been used in a case report
published by McAllister et al4 via a paramedian approach.
Munir et al15 described a modified needle-inside-needle
technique for the ganglion impar block as illustrated in
Fig. 8.
Trans-sacral technique utilizes the passage of the needle
through the sacrococcygeal disc.
• For this approach the needle is advanced through the
sacrococcygeal ligament.
• The tip of the needle must be just anterior to the ventral
border of the sacrum.
• Contrast injection rests in the shape of an apostrophe.
• Fig. 9 illustrates trans-sacralcoccygeal approach.
Fig. 8 describes ganglion impar block through the sacrococcygeal junction-disc.
Fig. 10 illustrates transcoccygeal injection with CT scan.
Regardless of the approach, the final position of the tip of
the needle is very important.

• It should lie in close proximity to the sacrococcygeal

junction and in the retroperitoneal space.

• An AP and a lateral fluoroscopic view would provide

a proper perspective as to the location of the tip of the
needle.
• Once the location is confirmed, a live fluoroscopic injection of a radio-opaque contrast is performed to define
the spread of the injectate.
• Live injection helps determine any intravascular
uptake.
• The spread of the contrast is usually seen closely adhering
to the anterior curvature of the sacrococcygeal border.
• A crescent shaped shadow anterior to the sacrococcygeal junction marks proper injection (Fig. 10).
• Once proper placement of the radio-opaque contrast is
confirmed, local anesthetic can be safely injected.
• Although a set amount of local anesthetic can be injected, a logical step is to match the amount with the radioopaque contrast to avoid excessive amounts of injectate.
• Usually 2-5 mL of local anesthetic is sufficient for the
coverage of the ganglion impar.
• Some practitioners prefer long acting local anesthetic
such as bupivacaine 0.5%, whereas others believe that
the duration of the block is less important than the
blockade of the sympathetic ganglion itself.
♦ A successful block provides pain relief at least for the duration of the local anesthetic.
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A. Schematic showing ganglion impar block with
needle-inside-needle technique through sacrococcygeal
disc.

C. Lateral view, fluoroscopic image, showing needle
placement through the sacrococcygeal junction/disk,
with the needle tip near the ganglion impar.

B. Comma sign after injection of contrast media. A
lateral projection of a patient in prone position with
needle as marked with the arrow through the sacrococcygeal disc. The spread of contrast marked with the arrow is described as a “comma sign” and indicates proper
positioning of the needle.

D. Contrast confirms appropriate needle placement
because the contrast remains just anterior to the sacrum
and coccyx, covering the location of the ganglion impar.

Fig. 8. Modified needle-inside-needle technique for the ganglion impar block. A and B. Reproduced with permission from

Munir et al.15 Can J Anesth, 2004; 51:916. B. Reproduced with permission from Munir et al.15 Can J Anesth, 2004; 51:916. C. and D.
Reproduced with permission from Foye et al.13 Am J Phys Med Rehabil 2006; 85:783-784.
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A. Fluoroscopic visualization of sacrococcygeal junction and needle positioning in AP view.
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B. Contrast injection in AP view.
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C. Illustration of lateral view showing the tip of the needle and contrast
spread.

Fig. 9. Illustration of trans-sacrococcygeal approach to ganglion impar block. Reproduced with permission from Day.25 Sympathetic blocks: The evidence. Pain Practice 2008; 8:98-109.

Fig. 10. Ganglion impar block with a transcoccygeal joint
approach with a depiction of CT and fluoroscopic images.

Fig. 11. Illustration of ganglion impar block and contrast
dispersion in lateral fluoroscopic view.
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A

B

C

Fig. 12. Sacrum and coccyx: sympathetic chain and targets. (a) Anterior aspect of sacrum and coccyx. Location of the S4 ganglion, marking with a cross (x) on the area where the ganglion impar or S5 is usually found. B) Posterior aspect of sacrum and
coccyx. Marking the target for S5 or ganglion impar with a cross (x), and with an asterisk (*) for S4. C) Lateral view of the
sacrum and needle is placed through the sacral-coccygeal membrane and the lower needle through a sacral disc.

• If desired, a neurolytic block can then be performed in a

♦

♦

♦

♦

•

similar manner.
The use of a CT scanner provides not only a more precise
placement of the neurolytic substance, but also helps avoid
any damage to the adjacent structures, as well as the tumor
itself (if present).
Phenol 6-12% is frequently utilized for neurolytic ganglion impar block.
• It may be mixed with the radio-opaque contrast medium to assess the spread under live fluoroscopic view.
A modified approach for thermocoagulation of the ganglion impar was described by Reig et al.16
• Patients are placed in prone position on the fluoroscopy table, under sterile preparation, and the procedure
is performed under fluoroscopy guidance using local
anesthesia.
• The first needle, the transcoccygeal needle, is introduced
through the sacrococcygeal ligament.
• The next needle, the transdiscal needle, is then placed
through a coccygeal disc.
Figs. 12A and 12B show the sites where the S4 and S5 are
most frequently found; the skin targets are seen in Fig.
12B and the final position of the needles is seen in Fig.
12C.16
The first needle, the one through the sacrococcygeal liga-

ment, is placed through the skin mark corresponding to
the sacrococcygeal ligament. A 15-gauge styleted metallic
introducer with the aid of a sterile mallet is inserted.15
• The needle is gently tapped, checking the position
with fluoroscopic guidance frequently, until the needle reaches the anterior aspect of the sacrococcygeal
union.16
• The stylet is removed and a 15 cm radiofrequency
needle with a 5 mm active tip is introduced.
• Appropriate care must be taken for the needle not to
advance beyond the anterior aspect of the sacrum to
enter the rectal ampulla (Fig. 13).16
• If there is a question with regards to the final position
of the needle in relation to the rectum, or if one suspects accidental puncture of the rectum, the shoulder
should be stopped and antibiotic therapy instituted.
• This procedure may be performed using a loss-ofresistance technique; however, the tip of the needle
must be placed clearly beyond the sacrum, and this
should be evidenced by fluoroscopy guidance and
contrast injection.
• The second needle, the transdiscal needle, is placed
through the fibrocartilaginous disc separating the first
coccygeal vertebrae from the second.
• The coccyx usually has 4 rudimentary vertebrae fused
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A. The needle is placed over the sacroiliac membrane.
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B. Tapping with a mallet, the needle is pushed through the sacrum.

C. The needle tip reaches the anterior aspect of the sacrum.

D. The needle tip is beyond the presacral fascia.

Fig. 13. Ganglion impar blockade with patient in prone position, lateral view : first needle. Reproduced with permission from
Reig et al16 Pain Practice 2005; 5:103-110.

together with a maximum number of vertebrae of 5
and minimum number of 4.
♦ Fig. 14 illustrates ganglion impar blockade and positioning
of the needles.
• Once the needle has been advanced beyond the anterior
aspect of the coccyx, contrast is injected and appropriate
flow patterns are observed (Fig. 13C).
• A full retroperitoneal space may be outlined with
injection of large quantity of contrast illustrating the
connection of the coccyx to the precoccygeal fascia.
• The success rate may be increased with 2 needles
rather than one, as the exact location of the ganglion
is not definitely known.
• After appropriate positioning of both needles (Fig.
13D), sensory testing and motor testing must be
performed.
• Subsequently, lidocaine is injected through each needle, followed by several minutes later with radiofrequency lesioning at 80°C for 80 seconds.

Precautions
♦ Relative contraindications to ganglion impar block have

♦
♦

♦

♦

been described in patients receiving treatment with nonsteroidal anti-inflammatory medications (especially aspirin), because of concerns that these agents may compromise coagulation.36,67
• Raj et al36 provided a detailed description of the role of
anticoagulants in interventional pain management.
Discontinuation of nonsteroidal anti-inflammatory drugs
and aspirin is not recommended before ganglion impar
block.
Prior to performing ganglion impar block, patients
on Warfarin therapy should have prothrombin time
(PT) checked and documented to be at an acceptable
level.
In stopping anticoagulant therapy, one should take into
consideration the risk-benefit ratio of the procedure, and
prior to a decision to proceed, also consult with the physician in charge of anticoagulant therapy.
It is prudent to advise the patient to contact the physician
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The second needle is placed through the disc.

C. Contrast is injected through the second transdiscal needle,

and then both needles are checked to see that they are within
the same plane.

The needle tip is beyond the presacral fascia. Please
note the contrast distribution through the first needle
(trans-sacrococcygeal).
B.

D.

Both needles are placed on the target.

Fig. 14. Ganglion impar blockade: second needle (patient is prone position, lateral view). Reproduced with permission from Reig
et al.16 Pain Practice 2005; 5:103-110.

in charge of anticoagulant therapy and let him or her make
the decision as to the date to stop and for how long.
♦ Aspirin and NSAIDs alone are considered safe.37
• However, a combination of these drugs or other antiplatelet therapy with Plavix or Ticlid may be considered
to increase the risk of hematoma formation.
• Thus, the risk and potential discontinuation may be
considered by the physician in charge of antiplatelet
therapy.
• The same principles as Warfarin therapy should be
followed in discontinuation of antiplatelet therapy.

• Routine discontinuation for 10 days is not only

unsafe, but is not recommended.

♦ The proximity of ganglion impar to the rectum makes per-

foration and tracking of contaminants back through the
needle track during needle removal a distinct possibility.
♦ The relationship of the cauda equina and exiting sacral
nerve roots makes it imperative that this procedure be carried out only by those well versed in the regional anatomy and experienced in performing interventional pain
management techniques, either under fluoroscopy or CT
scanning.17
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Side Effects and Complications
♦ Although the procedure is relatively safe, it may cause
complications such as rectal puncture, hemorrhage, infection, etc.
• However, if performed in a proper manner by an experienced individual this is a very safe and effective interventional technique for the relief of perineal pain.
♦ The proximity of the ganglion impar to the rectum
makes perforation and tracking of the contaminants back
through the needle track during needle removal a distinct
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possibility.
• Infection is life-threatening if the intradiscal technique
is used.
• Infection and fistula formation, especially in those
patients who are immunocompromised or have received
radiation therapy to the perineum, can represent a devastating and potentially life-threatening complication
of ganglion impar block.17
♦ The relationship of the cauda equina and exiting sacral
nerve roots also make this procedure associated with multiple side effects and complications.

Key Points
1. Pelvic pain is often ill-defined and difficult to diagnose, and patients may present with significant undiagnosed physical
and psychological pathology.
2. Ganglion impar or sacrococcygeal ganglion block is useful in the evaluation and management of sympathetically mediated or maintained pain of the perineum, rectum, and genitalia.
3. The ganglion impar is the terminal coalescence of the sympathetic chain.
4. In most patients, the ganglion is comprised of a single anatomic structure which lies in the retroperitoneal space anterior
to the sacral coccygeal junction and is amenable to blockade at this level.
5. The ganglion receives fibers from the lumbar and sacral portions of the sympathetic and parasympathetic nervous system
and provides sympathetic innervation to portions of the pelvic viscera and genitalia.
6. Indications for local anesthetic blockade include pain of the perineum and genitalia secondary to reflex sympathetic
dystrophy, endometriosis, proctalgia fugax, and interstitial cystitis.
7. Indications for neurolytic blocks include pain secondary to pelvic, and perineal and genital malignancy.
8. The ganglion impar block must always be performed under fluoroscopy by physicians well versed in the regional anatomy
and experienced in performing interventional pain management techniques under fluoroscopy.
9. The proximity of the ganglion impar to the rectum makes perforation and tracking of contaminants back through the
needle track during needle removal a distinct possibility, leading to life-threatening complications.
10. The relationship of the cauda equina and exiting sacral nerve roots also can cause a multitude of side effects and
complications.
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Celiac Plexus and
Splanchnic Blockade
Allen W. Burton, MD
Bradley W. Wargo, DO

The percutaneous approach to blockade of the splanchnic
nerves and the celiac plexus was initially devised for surgical
anesthesia by Kappis in 1914.1 He continued to develop the
technique and eventually published a case series in 1918.2 At
the same time Wendling3 devised an anterior approach to the
celiac plexus, which was rapidly abandoned due to increased
risk compared to Kappis’ posterior approach.3 Several generations later the anterior approach was proposed again with the
aid of CT.4
Visceral pain arises from cancer involvement of sympathetically mediated organs. Injuries to these organs can be
from abnormal distention of organ wall or viscus, tension or
torsion on mesenteric vessels, and ischemia. Such visceral pain
is commonly seen with GI malignancies such as hepatic metastases, intestinal tract tumor, and pancreatic cancer. Blockade of
sympathetic chain has been shown to be effective in controlling sympathetically mediated visceral pain.5
The sympathetic axis is made up primarily of a pair of
ganglionated paravertebral chains that run from the base of
the skull to the tip of the coccyx. It also consists of several
major vertebral plexuses including celiac, cardiac, and hypogastric plexuses.
These sympathetic structures are attractive targets for
blockade of sympathetically mediated pain. Interruption of
pain pathways at these discrete sites has become useful in controlling visceral pain.6-8

Indications
♦ Splanchnic nerves and celiac plexus blockade are used for
diagnostic and therapeutic palliation of intra-abdominal
visceral pain.
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• While not used for surgical anesthesia, the use of these

techniques has enhanced the capacity of patients suffering from intra-abdominal pain to participate in activities of daily living.
• Following successful diagnostic blockade, the use of
neurolytic techniques may prolong the efficacy and
duration of these blocks.

Clinical Applications
♦ Celiac plexus blockade is an extremely effective interven-

tion for pain from pancreatic cancer and malignancies
involving the upper and mid-abdomen.9
• Exceptions to covered viscera from celiac plexus blockade include the descending colon and pelvic viscera.
• Pancreatic cancer carries such a poor diagnosis, and
palliation of pain symptoms is a priority in these
patients, with survival rate typically being less than 6
months.
• These patients often present initially with upper
abdominal pain with referred pain to the back.10
• Celiac plexus block is the treatment of choice for
pain control in these pancreatic cancer patients with
high level of evidence based on recent prospective
randomized controlled trials.11-13
♦ Some groups have favored the splanchnic nerves as a more
proximal target, and some literature shows perhaps better
analgesia with fewer side effects.14
♦ Further, some groups have advocated a surgical approach
with endoscopic clipping of the splanchnic nerves, although
in the cancer population percutaneous approaches have
been more advocated.15
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Anatomy
♦ The major sympathetic visceral innervation is as follows:

• Celiac plexus/splanchnic nerves
• Innervated visceral: GI tract (from distal esophagus

to mid-transverse colon), pancreas, stomach, liver,
adrenals, ureters, abdominal vessels
• Superior hypogastric plexus
• Innervated visceral: Descending and sigmoid colon,
rectum, vaginal fundus, bladder, prostate, prostatic

urethra, testes, seminal vesicles, uterus, and ovaries

• Ganglion impar
•	Innervated visceral: Perineum, distal rectum and

anus, distal urethra, vulva, and distal third of vagina

♦ The sympathetic innervations of abdominal organs arise in
the anterior-lateral horn cells in the spinal cord (Figs. 1-4).

♦ Preganglionic fibers from T5 to T12 leave the ventral roots

of the spinal cord to join with white rami communicans.
• These fibers do not synapse at the sympathetic chain
but instead pass onward through to the celiac plexus.

Fig. 1. Illustration of the schema, autonomic reflex pathways. Netter medical illustration used with permission of Elsevier.
All rights reserved.
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Fig. 2. Illustration of autonomic nerves and ganglia of abdomen. Netter medical illustration used with permission of
Elsevier. All rights reserved.

• Passing from the sympathetic ganglia to the celiac

plexus, the preganglionic fibers travel along the discrete
splanchnic pathways.
♦ Preganglionic fibers from T5 to T9 coalesce to form the
greater splanchnic nerve.
• This greater splanchnic nerve will pass through the diaphragm and synapse onto the celiac plexus.
♦ Preganglionic nerves from T10 and T11 join together
to form the lesser splanchnic nerve and subsequently
converge to form the celiac plexus.
♦ The least splanchnic nerve arises from the T12 sympa-

thetic ganglion and courses through anteriorly to join
the celiac plexus.
• Either neurolysis of the celiac plexus or the splanchnic
nerves that feed into the plexus accomplish blockade of
sympathetically mediated pain in this region.
♦ The celiac plexus is located anterior to the aorta at the
level of L1 vertebral body and anterior to the crura of
the diaphragm.
• This plexus contains grossly 2 large discrete ganglia
on either side of the aorta. The left celiac ganglion is
slightly lower than the right ganglion.
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Fig. 3. Illlustration of the nerves of the pelvic viscera. Netter medical illustration used with permission of Elsevier. All rights
reserved.
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Fig. 4A. Diagram of the posterior abdominal organs and the posterior abdominal wall, deep dissection. Courtesy Elsevier
Mosby Ltd. In: Moses et al’s Atlas of Clinical Gross Anatomy, Mosby, St. Louis, MO, 2008, pp 378-379.
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Fig. 4B. Diagram of the posterior abdominal wall, deep dissection. Courtesy Elsevier Mosby Ltd. In: Moses et al’s Atlas
of Clinical Gross Anatomy, Mosby, St. Louis, MO, 2008, pp 378-379.
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A. External landmarks for celiac plexus block.
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B. The patient is placed in prone position with the fluoroscopic C-arm in the oblique position at T12.

Fig. 5. Identification of landmarks and patient positioning.

Technique
Celiac Plexus Blockade

♦ There have been multiple techniques described (up to 13

approaches) for sympathetic blockade at the level of the
celiac plexus.16,17
• Posteriorly, the clinician can employ the classic retrocrural, transcural, or transaortic techniques.
• Anteriorly, one can use percutaneous gangliolysis with CT-guidance or direct intraoperative celiac
gangliolysis.
• An editorial in 200318 summarized the advantages
and disadvantages of CT-guided and ultrasoundguided anterior approach to celiac plexus neurolytic
blockade in the management of chronic benign pain.
• It was reported that retroperitoneal abscess, peritonitis,
and peripancreatic abscess are potential complications,
but the lack of large prospective studies makes it difficult to compare these approaches to more common

posterior approaches.18

♦ The posterior classic retrocrural approach:

• The patient is placed in a prone position with a pillow

under the lower abdomen to minimize lordosis (Fig. 5B).
• The mid back is prepped with betadine in a sterile
manner.
• Using fluoroscopy, the relevant landmarks are identified
and marked, including:
• The spinous processes of T12 and L1, and the inferior border of the twelfth rib.
• It is extremely important to correctly identify the T12
spinous process by following the twelfth rib medially
and also by counting cephalad from the L5 spinous
process.
• The skin is infiltrated with local anesthetic at a distance
of 8 cm lateral to the L1 spinous process and inferior to
the twelfth rib.
• The underlying muscle tissue is also infiltrated with
local anesthetic.
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A. Anterior-posterior view for needle placement.

C. Anterior-posterior view for needle placement with
contrast injection.

B. Lateral view for needle placement.

D. Lateral view for needle placement with contrast
injection.

Fig. 6. Radiographic scans showing needle placement for a retrocrural splanchnic nerve block.
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• Five-inch, 22-gauge spinal needles or 8-inch, 22-gauge

•

•

•
•

•

Chiba needles are inserted bilaterally.
• It is usually helpful to place a slight bend, 1 cm from
the tip of the needle, to assist the practitioner in
steering the needle.
• Each needle is advanced slowly, initially oriented at
a 45-degree angle toward midline and about a 15degree angle cephalad, using fluoroscopic guidance.
The initial target is the L1 vertebral body. Once bony
contact is made, the depth of the needle is noted. The
needle is then withdrawn and redirected at a steeper
angle (60 degrees from midline) so the needle tip is
walked off the L1 vertebral body (Figs. 6, 7).
• The left needle is advanced about 2 cm beyond bony
contact, slowly with frequent aspiration.
• The right needle is advanced further, about 4 cm past
the vertebral body.
The goal is for the left needle tip to position anterior to
the aorta, and the right needle tip to position anteriorlateral to the aorta.
• These positions approximate location of the celiac
ganglia.
Small amounts of contrast are injected into both needles to confirm localized dye spread in proper anatomic
location.
Local anesthetic solution (12-15 mL of 1% lidocaine)
is injected into each side to achieve first a diagnostic
block.
• The light sedation is allowed to dissipate and the
patient is queried to confirm pain relief and no
adverse motor blockade of lower extremities.
• The neurolysis can be carried out with 10 to 12 mL
of 50% alcohol or 6% phenol to each side.
Neurolytic celiac plexus block with 50% ethanol was
compared to videothrocoscopic splanchnicectomy in
chronic pancreatitis patients and was found to have
similar efficacy. 18

A. Anterior-posterior view for needle placement.

Splanchnic Nerve Blocks

♦ The splanchnic nerve block is similar to the above classic retrocrural technique. The needles, however, are aimed
more cephalad to the anterior-lateral margin of the T12
vertebral body, being careful to hug the vertebral body .
• A curved blunt needle is advocated (Figs. 8, 9).
• The goal is neurolysis of the splanchnic nerves feeding
into the celiac plexus.

B. Lateral view for needle placement.

Fig. 7. Radiographic scans showing needle placement for
a retrocrural splanchnic nerve block.

208

Interventional Techniques in Chronic Non-Spinal Pain

Precautions
♦ It is critical for the clinician to use contemporary tech-

Fig. 8. Anterior-posterior view of needle placement for a
retrocrural celiac/splanchnic nerve block.

niques in performing splanchnic nerve and celiac plexus
blockade, including: ultrasound guidance, fluoroscopic
guidance, or CT.
• These procedures are potentially fraught with the risk
of localized or systemic complications.
• While the use of sophisticated imaging techniques does
not eliminate the risk of complications, using them may
drastically reduce potential complications.
• The use of outdated, non-image guided techniques
puts the already suffering patient at unnecessary risk.
This also magnifies the importance of these procedures
being performed only by well-trained and experienced
practitioners.
♦ Absolute contraindications to splanchnic nerve and celiac
plexus blockade include local or systemic infection and
coagulopathy.
♦ Relative contraindications to these procedures include
abdominal aortic aneurysm, respiratory insufficiency (i.e.,
if unilateral pneumothorax would adversely affect sustaining life).19
♦ It is recommended to contact the primary treating clinician responsible for management of anticoagulants when
stopping anticoagulant therapy, taking into consideration
the risk-benefit ratio to abstaining from anticoagulants
to mitigate unnecessary complications or potential subsequent liability.20

Side Effects and Complications
♦ Molloy and Benzon21 summarized the complications asso-

Fig. 9. Lateral view of splanchnic nerve block.

ciated with blockade of the celiac plexus and splanchnic
nerves.
• The potential benefits of celiac plexus and splanchnic
nerve blockade may outweigh the potential risks, especially in patients suffering from end-stage pancreatic or
other upper abdominal oncologic processes.
• Somatic nerve block may result in weakness, paralysis,
or numbness of the thigh.19
♦ The efficacy of this block (either celiac or splanchnic) has
been demonstrated to provide significant relief in pancreatic cancer pain.
• Pain relief has been reported among 90+% of
patients.22
♦ The celiac plexus block is the treatment of choice for pain
control in the pancreatic cancer setting with high level of
evidence based on recent prospective randomized con-
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trolled trials.11-13
• A Japanese group has advocated combined block of
the celiac, inferior mesenteric, and hypogastric plexus
in 35 patients with good results.23 This data is considered preliminary, but the faculty in the Department of
Cancer Pain Management at the University of TexasMD Anderson has used this technique and concurs
with its application in cases of carcinomatosis.
♦ Although not strictly a complication, sympatholysis with
its side effects should be considered in celiac blockade.
Significant hypotension, especially orthostatic, may occur
and should be anticipated.
• Unopposed parasympathetic activity will lead to GI
hypermotility. The resulting diarrhea is transient and
does not last more than 2 days.
♦ Serious complications can include visceral injury, renal
trauma with hematoma, intravascular or subarachnoid
injection, and vasospasm with concomitant paralysis.
Pneumothorax is also possible, especially with splanchnic
nerve blockade.
♦ The setting of chronic pain with visceral origin is more
controversial with numerous authors advising the cautious
application of neurolytic blockade.18
• After diagnostic block, some have advocated radiofrequency ablation (RFA) of splanchnic nerves or endoscopic nerve clipping.
• One European study found comparable symptom relief
between endoscopic splanchnic clipping and neurolytic
celiac plexus block.23
• A pilot study or prospective case series of the use of
thermal RFA splanchnic block in 10 patients with
chronic pancreatitis showed improvement in overall
pain, decreased analgesic consumption, and improved
quality of life over an 18-month follow up period.24
• Garcea et al25 highlighted the predictable relationship of
the splanchnic nerves to adjacent anatomic structures,
which facilitated localization for RFA and decreased
the incidence of iatrogenic injury during neurolytic
procedures.
• In conclusion, in cases of upper abdominal malignancy related visceral pain, neurolytic celiac or splanchnic
blockade is clearly advocated with high level of evidence. Cases of diffuse cancer related abdominal pain
may be amenable to the multiple visceral block described
above.
• Finally, in cases of chronic abdominal pain syndromes,
RF techniques are advocated, although the evidence for
their use is weaker than in the cancer situation.

Burton, Wargo

209

Complications
♦ Complications of celiac plexus and splanchnic nerve blockade include:
• Pain
• Pain at the site of the needle insertion
• Exacerbation of existing pain
• Pain in the mid or low back
• Infection
• Soft tissue abscess
• Epidural abscess
• Meningitis
• Encephalitis
• Peritonitis
• Discitis
• Bleeding
• Soft tissue hematoma
• Retroperitoneal hematoma
• Epidural hematoma
• Spinal hematoma
• Nerve root sheath hematoma
• Embolism or vascular thrombosis
• Hematuria or infarction
• Transaortic approach risking• Hematoma
• Aortic dissection
• Injury to pre-existing aortic aneurysm or vascular
graft
• Inadvertent intravascular neurolytic injection
• Phenol may result in convulsions
• Alcohol rarely problematic due to concentration
• Trauma
• Soft tissue
• Nerve root
• Spinal cord
• Inadvertent injection
• Dural puncture
• Subdural puncture
• Intrathecal injection
• Intravascular injection
• Miscellaneous
• Orthostatic hypertension/hypotension
• Diarrhea
• Perforation of viscus
• Pneumothorax, hemothorax, or chylothorax
• Pancreatitis
• Paraplegia
• Failure of ejaculation
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• Spinal cord compression
• Cauda equina syndrome
• Arachnoiditis
• Increased intrathecal pressure

• Increased intraocular pressure
• Retinal hemorrhage

• Local anesthetic effects
• Steroid side effects

Key Points
1. The percutaneous approach to splanchnic nerve and celiac plexus blockade was first devised in 1914.
2. Several approaches have been subsequently promoted, including: retrocrural, transcural, and transaortic via blindlandmark derived techniques and fluoroscopic guidance. Further anterior techniques via blind-landmark derived,
ultrasound-guided, and CT-guided approaches have been implemented. There have also been direct semi-open
methods of video-assisted thorascopic RFA and open RFA for chronic pain states.
3. Blockade of the splanchnic nerves and celiac plexus are indicated for acute and chronic upper abdominal pain of
visceral origin (from the distal esophagus to the mid-transverse colon).
4. Initial diagnostic blockade with local anesthetics only is advocated.
5. Following successful diagnostic injections, neurolytic modalities can be initiated to provide prolonged efficacy.
6. The use of cutaneous landmarks to perform these procedures is ill-advised in light of modern imaging
techniques.
7. The performance of these techniques are fraught with potential catastrophic complications, even in experienced
hands.
8. The complications associated with splanchnic nerve and celiac plexus blockade include pain at the injection site,
bleeding, infection, trauma to adjacent tissue, and inadvertent injection into unintended tissue or structures.
9. The most significant complications from blockade of the splanchnic nerves and the celiac plexus can be mitigated
by use of modern imaging techniques.
10. The evidence of effectiveness for relief of pain in the structures innervated by the splanchnic nerves and celiac
plexus is high following their blockade.
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Trigeminal Ganglion Block
and Neurolysis

16

Miles Day, MD

The percutaneous transovale approach to the trigeminal ganglion (TG) using absolute alcohol was first described
by Hartel in 1912.1 During the evolution of this treatment,
several noteworthy reports were published. Radiofrequency
lesioning of the ganglion was described by Sweet in 1965
while Hakanson reported on retrogasserian glycerol injection in 1981.1,2 Percutaneous balloon compression was performed by Mullan and Lichtor in 1978, but they did not
publish their findings until 1983.2 More recently, pulsed

Fig. 1. Medial view of head and neck.

radiofrequency has been introduced as a nondestructive
means of “lesioning” the gasserian ganglion.2
The trigeminal nerve is the largest among the cranial
nerves. Sensation of the anterior and middle cranial fossa
oral cavity is innervated by the trigeminal nerve. The trigeminal ganglion is named after a Viennese anatomist, Gasser.3 These nerves and their branches provide the cutaneous
and dermatomal innervation of the head and face (Figs. 1
and 2).

Netter medical illustration used with permission of Elsevier. Adapted from Radiographic Imaging for Regional Anesthesia and Pain Management. All rights reserved.
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Fig. 2. Cutaneous innervation of head and neck.

Netter medical illustration used with permission of Elsevier..

Table 1. Indications for trigeminal ganglion blockade
and neurolysis.
• Tic douloureux

Indications
♦ The indications for trigeminal ganglion blockade and neurolysis are listed in Table 1.

♦ Tic douloureux is the most common indication.4

• The block is not first line treatment, but is indicated for

• Secondary trigeminal neuralgias
• Palliation of cancer-related pain
• Refractory cluster headaches
• Atypical facial pain
• Surgical anesthesia

♦
♦
♦
♦

Table 2. The most common contraindications for trigeminal ganglion block and neurolysis.

•

Patient refusal

•

Local infection and sepsis

•

Increased intracranial pressure

•

Coagulopathies

•

Major psychopathology

♦

patients who have failed conventional pharmacologic
therapy.
Secondary trigeminal neuralgias from injury to the major
divisions or the distal branches of the ganglion are a frequent indication.5
Palliation of cancer-related pain has successfully been
accomplished through blockade of the trigeminal ganglion
or its divisions.
This block has also found a niche in the treatment of
chronic, intractable cluster headaches.6-11
Atypical facial pain also responds to ganglion blockade
and neurolysis.3
The most common contraindications for trigeminal ganglion block and neurolysis are listed in Table 2.

Clinical Applications
♦ After a positive diagnostic block, the pain practitioner has

several choices for percutaneous neurolysis of the ganglion.
These include conventional radiofrequency thermocoagulation (RFTC), pulsed radiofrequency (P-EMF), glycerol
rhizotomy, and balloon microcompression.
• Alcohol has been used in the past, but current literature
favors glycerol.
♦ Radiofrequency thermal lesioning provides the highest
rate of initial (98%) and sustained pain relief with the low-
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est relapse rate when compared with glycerol injection and
balloon compression.11,12
♦ Glycerol injection has a high rate of initial analgesia (up
to 96%) with a shorter duration of sustained pain relief
compared to radiofrequency rhizotomy.
♦ Balloon compression has a high rate of initial pain relief
(range: 89.9-100%) with a moderate rate of recurrence.
♦ Published efficacy studies regarding pulsed radiofrequency
lesioning of the trigeminal ganglion are few, but promising.2

♦
♦
♦
♦

Diagnosis

The diagnosis of trigeminal related pain can be accomplished through blockade of the ganglion, its major divisions, or
their terminal branches. With this in mind, therapy can begin
with simple blocks of the distal branches such as the supratrochlear (V1), supraorbital (V1), infraorbital (V2), and mental (V3) nerves. If no relief, or only partial relief, is obtained,
blockade of the maxillary or mandibular divisions can be performed next. Blockade of the ophthalmic division can only be
achieved by blocking the ganglion. Finally, the ganglion can be
blocked if the previous injections failed to provide analgesia. If
the pain affects more than one division, it may be best to begin
with blockade of the ganglion.

♦

♦

Anatomy
♦ The trigeminal or fifth cranial nerve is the major general
•

♦
♦

♦

♦

sensory nerve of the head, and also innervates muscles
that move the lower jaw. It carries general somatic afferent
(GSA) and branchial efferent (BE)B-fibers.
The GSA fibers provide sensory input from the face,
anterior half of the scalp, mucous membranes of the oral
and nasal cavities and the paranasal sinuses, part of the
tympanic membrane, the eye and conjunctiva, and the
dura mater in the anterior and middle cranial fossa. The
BE fibers innervate the muscles of mastication, the tensor tympanic, tensor veli palatine, the mylohyoid, and the
anterior belly of the digastric.
The trigeminal ganglion resides in the middle cranial fossa
at the apex of the petrous portion of the temporal bone
(Fig. 3).13-15
The ganglion is situated in a fold of dura mater that
forms an invagination around the posterior two-thirds of
the ganglion.
• This region is referred to as the Meckel cavity and contains cerebrospinal fluid.
The ganglion is bound medially by the cavernous sinus
and optic and trochlear nerves; superiorly by the inferior
surface of the temporal lobe of the brain; and posteriorly
by the brain stem.
The ganglion is formed by the fusion of a series of rootlets
that originate at the mid-pontine level of the brainstem.
• These rootlets travel along the ventral surface of the

♦
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brainstem, pass forward within the posterior cranial
fossa and across the superior portion of the petrous
temporal bone, and eventually form the ganglion.
The ganglion has 3 major divisions: ophthalmic (V1),
maxillary (V2), and mandibular (V3).
The TG is somatotropically located.4
The ophthalmic division is located dorsally, the maxillary
branch intermediate, and the mandibular branch ventrally.
The ophthalmic division leaves the ganglion and passes
into the orbit through the superior orbital fissure.
• It receives sensory information from the forehead and
nose via the supraorbital, supratrochlear, and nasociliary
nerves (Figs. 1 and 2).15
The maxillary division exits the middle cranial fossa via
the foramen rotundum, crosses the pterygopalatine fossa,
and enters the orbit through the inferior orbital fissure.
• It carries sensory information from the maxilla and
overlying skin, the nasal cavity, palate, nasopharynx, and
meninges of the anterior and middle cranial fossa.15
• This is done via the infraorbital, superior alveolar, palatine, and zygomatic nerves.
The mandibular division exits the middle cranial fossa
through the foramen ovale and divides into the buccal,
lingual, inferior alveolar, and auriculotemporal nerves.
• These nerves carry sensory input from the buccal region,
the side of the head and scalp, and the lower jaw, including teeth, gums, anterior two-thirds of the tongue, chin,
and lower lip.15
• The motor component of V3 innervates the muscles of
mastication, tensor tympani, tensor vili palatine, mylohyoid, and anterior belly of the digastric.
The ganglion interfaces with the autonomic nervous system through several ganglia.
• These include the ciliary, sphenopalatine, otic, and submaxillary ganglia.
• It also communicates with the oculomotor, facial, and
glossopharyngeal nerves.4

Technique
Anatomic Considerations

♦ The trigeminal nerve (5) splits into 3 major division – the

ophthalmic (V1), maxillary (V2), and mandibular (V3)
nerves – before leaving the middle cranial fossa (Fig. 2).
• Each of these divisions passes out of the cranial cavity
to innervate part of the face, so most of the skin covering the face is innervated by branches of the trigeminal
nerve.
• The only area which is not covered by the trigeminal
nerve is a small area covering the angle and lower
border of the ramus of the mandible and parts of the
ear, which are innervated by cervical nerves.
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Fig. 3. Illustrative anatomy of trigeminal nerve.

Netter medical illustration used with permission of Elsevier. All rights reserved.

• The mandibular nerve (V3) exits the skull through the

foramen ovale. Branches of the mandibular nerve which
innervate the face are the auriculotemporal nerve, the
buccal nerve, and the mental nerve.
• The auriculotemporal nerve enters the face just posterior to the temporomandibular joint and passes through
the parotid gland, and ascends just anterior to the ear to
supply the external acoustic meatus, the surface of the
tympanic membrane (eardrum), and a large area of the
temple.
• The buccal nerve is on the surface of the buccinator
muscle and supplies the cheek (Fig. 3).
• The mental nerve exits the mandible through the mental foramen and immediately divides into the multiple

branches to supply the skin and mucous membrane of
the lower lip and skin of the chin (Fig. 3).

♦ The arterial supply of the face and venous drainage is also

important in performing any trigeminal ganglion block or
terminal branch blocks of the ophthalmic, maxillary, and
mandibular nerves.
• The arterial supply to the face is primarily from branches of the external carotid artery, though there is some
limited supply from a branch of the internal carotid
artery.
• Most of the venous return is to the internal jugular vein,
though some important connections from the face result
in venous return through a clinically relevant intracranial pathway involving the cavernous sinus.
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Local Anesthetic Technique

As with most current fluoroscopically-guided block techniques, the original description of the blocks utilized external
landmarks and a blind approach. This is true for the trigeminal
ganglion block. Since the use of fluoroscopy is stressed in this
chapter to improve the accuracy and success of the block as well
as decrease the chance of complications, the blind approach
will not be discussed. The description of this block will focus
on the use of a 20- to 22-gauge, curved, blunt needle, but sharp
spinal or block needles are also acceptable.
♦ Informed consent must be obtained and intravenous access
should be established.
♦ The patient is placed on the table in the supine position
with the head slightly extended. Light sedation with midazolam and fentanyl is usually required.
♦ Prep and drape of the appropriate side using sterile procedures is performed, leaving the eye exposed.
♦ The foramen ovale is located by rotating the C-arm image
intensifier obliquely away from the nose approximately
20 to 30 degrees and then the C-arm image intensifier is
angled approximately 30 to 35 degrees, in the caudocephalad direction to bring the foramen ovale into view (Fig. 4).
• For this part of the procedure it is best to obtain the
images under continuous or pulsed fluoroscopy rather
than as spot pictures.
• Subtle adjustments of the C-arm angles may be necessary to obtain the best view of the foramen ovale.
♦ A skin wheal is raised directly over the shadow of the foramen which will be approximately 2-2.5 cm lateral to the
corner of the mouth.
• A short, 16- or 18-gauge angiocatheter is inserted
through the skin wheal and advanced a short distance.
• A gloved finger is inserted into the oral cavity to confirm that the buccal mucosa has not been breached.
• The glove must be removed and new gloves worn
before proceeding.
• A 20- or 22-gauge, curved, blunt block needle is
inserted through the angiocatheter and advanced a few
centimeters.
• A fluoroscopic image is obtained to check the trajectory
of the needle.
• The goal is to advance the needle in “gun-barrel” fashion towards the foramen ovale (Fig. 5). When done
properly, only the top of the needle will be visualized
when spot pictures are obtained. Corrections in trajectory can be made by turning the needle tip in the
appropriate direction.
• With respect to external landmarks, the trajectory of
the needle will be in a plane slightly superior to the
external auditory meatus and medially towards the
pupil in the midline.
• The needle is advanced until bone is touched.

Fig. 4. Submental view of the foramen ovale. FO =
foramen ovale, R = ramus of mandible, M = maxilla, O
= orbit.
• A lateral image is obtained to check the position of the

needle.

• If the foramen has not been traversed, the needle tip is

•

•
•

•
•
•

adjusted (usually posterior) and advanced through the
foramen a distance of 0.5-1.0 cm (Fig. 6).
• The depth of the needle tip is not as important
with a local anesthetic block as it is for a neurolytic
procedure.
After a negative aspiration for cerebrospinal fluid or blood,
0.5-1.0 mL of nonionic, water-soluble contrast is injected
to confirm position and filling of Meckel’s cavity.
• Any vascular runoff requires repositioning of the
needle.
If cerebrospinal fluid is obtained, the needle tip can be
withdrawn until fluid is no longer appreciated.
If an abundant cerebrospinal fluid leak is present, the
remainder of the procedure should be halted. With a
significant leak, a high spinal block can be caused with
even low volumes of local anesthetic.
A small leak of cerebrospinal fluid may or may not cause
a high spinal; therefore the pain practitioner should
proceed with caution.
Local anesthetic in volumes of 0.25-0.5 mL at a time,
up to 1-2 mL, is injected, and effects are observed.
The needle is removed and an ice pack is applied to the
cheek to decrease swelling.
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Fig. 5. Submental view of a 20-gauge curved, blunt needle
in the foramen ovale.

Neurolytic Techniques

After a successful diagnostic block, a neurolytic procedure
can be planned. Needle placement for all of neurolytic procedures except balloon microcompression is performed in the
same manner as for the local anesthetic block. Heavier sedation may be required for radiofrequency techniques.
Conventional Radiofrequency

♦ For conventional radiofrequency lesioning, a 3-5 mm

active-tip needle is inserted.
• The target depth of the needle tip depends on the division of the trigeminal nerve that needs to be lesioned.
• The mandibular division is rostral and lateral; the maxillary division is intermediate; and the ophthalmic division is mostly cephalad and medial.
• Location of the needle tip on the appropriate division(s)
is determined by the response to sensory and motor
stimulation (50 Hz, 1V and 2 Hz, 2V, respectively) of
the ganglion.
• Paresthesia should be perceived at less than 0.3V, with
little to no muscle contraction of the masseter muscle at
0.6-1.0V.4
• If no contraction is seen, then the tip of the needle is on
the ophthalmic or maxillary divisions.
♦ There are various protocols employed to do conventional

Fig. 6. Lateral view of the same needle through the foramen ovale. T = tip of needle, ST = sella turcica, PF =
pterygopalatine fossa.

radiofrequency of the ganglion or the individual divisions.
• Once the patient senses paresthesia in the painful area,
0.5 mL of 0.25% bupivacaine or 0.2% ropivacaine with
steroid is injected.11
• After 30-60 seconds, lesioning is started at 60º C for 90
seconds.
• If the patient cannot tolerate the lesioning, one may
stop and wait an additional 30 seconds, then may try
again or add another 0.5 mL of local anesthetic prior to
resuming lesioning.
• If more than one branch of the trigeminal nerve is affected, several lesions of the ganglion may be performed.
• The needle is repositioned and the stimulation is
repeated to get paresthesia in the desired site.
• For lesioning of the ophthalmic division, the corneal
reflex during and after each lesion is assessed. Lesioning is typically started at temperatures of 55-65ºC to
preserve this reflex. One or 2 lesions is recommended.
If the corneal reflex diminishes, lesioning should be
stopped.
Pulsed Radiofrequency

♦ Pulsed radiofrequency is not technically a neurolysis.

• It is more a neuromodulatory and nondestructive meth-

od of providing long-term pain relief.16
• Nevertheless, it is a straightforward technique to perform.
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♦ After proper positioning of the needle tip, 2-3 pulsed

radiofrequency cycles for 120 seconds each at 40-50V are
performed.
• The temperature of the needle tip rarely exceeds 42ºC,
thus local anesthetic is not required.
• If significant masseter contraction is noted during pulsing, inject 1-2 mL of local anesthetic to diminish this,
or hold the patient’s mouth closed with your hand while
the cycles are completed.

Chemical Neurolysis

♦ Chemical neurolysis has been performed with phenol and

alcohol in the past, but their use is not currently recommended. Glycerol is the chemical neurolytic of choice.
• Once through the foramen ovale, the needle is advanced
until cerebrospinal fluid is observed returning through
the needle.
• The patient is positioned in a semi-sitting position with
the neck flexed.
• Water-soluble, nonionic contrast solution in 0.1 mL
aliquots (up to 0.5 mL) is injected into the trigeminal
cistern.11
• Failure of visualization or diffusion of the contrast
necessitates repositioning the needle.
• Once the cistern is visualized, the contrast material is
drawn back by free flow.
• The flow of contrast is slower than cerebrospinal
fluid.
• The same amount of glycerol is injected into the
cistern.
• The needle is flushed with 0.5 mL of saline prior to
removal.
• The patient is kept in a semi-sitting position for 2 hours.
• During the procedure, patients often report pain,
burning, or paresthesia in the affected division(s).17

Percutaneous Microcompression

♦ Percutaneous microcompression of the ganglion (Mullan
technique) is performed in a similar fashion.18
• A 14-gauge guide needle is inserted through the foramen ovale.
• A No. 4 Fogarty catheter is advanced into Meckel’s
cavity.
• The balloon at the tip of the catheter is inflated slowly
with 0.5-1.0 mL (usually 0.7 mL) of nonionic, water
soluble contrast and it is left inflated for 60 seconds.17
• When there is adequate compression, the balloon
usually assumes a pear shape, with the stem end
pointing posteriorly.
• Analgesia is usually immediate.
• The balloon is deflated and the catheter is removed.
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Precautions
For any invasive pain management procedure, patients
taking anticoagulant therapy should receive special consideration. The benefit of the block must always outweigh the
risks of stopping the anticoagulant medicine. Consultation
with the patient’s primary care physician (PCP) is a must to
protect the patient as well as the pain practitioner. As a rule,
prior to the procedure nonsteroidal, anti-inflammatory drugs
(NSAIDs) should be withheld for 4 days, aspirin for 7 to 10
days, clopidogrel for 7 to 10 days, and ticlodipine for 10 to
14 days. Patients taking Coumadin should stop it based on
their PCP’s recommendations and have a prothrombin time
(PT) drawn on the morning of the procedure. Patients taking heparin should receive the same consideration as those
on Coumadin, but a partial thromboplastin time should be
obtained instead of a PT. These are only guidelines and are
by no means industry standards.

Side Effects and Complications
♦ Complications of trigeminal ganglion block and neurolysis

include:
• Retrobulbar hematoma
• Cheek hematoma
• Masseter weakness
• Keratitis
• Corneal anesthesia
• Anesthesia dolorosa
• Meningitis
• Dural arteriovenous fistulae
• Rhinorrhea
• Transient cranial nerve deficits
• Tissue sloughing
• Death.
With the exclusion of sensory loss (an expected side effect)
from the complications considered for all neurolytic techniques,
radiofrequency thermal lesioning had the highest number of
complications (29.2%) followed by glycerol rhizotomy and balloon compression at 24.8% and 16.1%, respectively.12 There is
no data for pulsed lesioning.
Retrobulbar hematoma is possible if the needle is advanced
into the retrobulbar space. Exophthalmus develops secondary
to bleeding in the retrobulbar space. Though dramatic for the
patient, it is easily controlled with compression over the eye
and usually resolves in a few days. Cheek hematoma can occur
if a blood vessel is punctured during placement of the needle.
Pressure and an ice pack are the usual treatment.
Masseter weakness can develop, especially with lesioning of
the mandibular division. The incidence is highest with balloon
microcompression (66%) and less for radiofrequency lesioning
and glycerol rhizotomy (24% and 1.7%, respectively).11
Corneal abnormalities including absence of the corneal
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reflex, keratitis, ulceration, and hypesthesia are observed in 3%
to 15% of patients after a neurolytic procedure.3 Keratitis was
more likely to occur after radiofrequency lesioning and glycerol
neurolysis.12 Corneal anesthesia was highest for radiofrequency rhizotomy at 7%, and was observed with glycerol rhizotomy
and balloon compression at 3.7% and 1.5%, respectively.11
Anesthesia dolorosa (deafferentation pain) is an extremely
painful complication. The incidence is highest with radiofrequency (up to 4%), followed by glycerol where it occurs in 2%

of cases.11
Post-procedure trigeminal nerve sensory loss is an expected occurrence after a properly performed neurolytic procedure.
The incidence with radiofrequency rhizotomy is as high as
98%. It is less with balloon compression (72%) and glycerol
neurolysis (60%).19
Other reported complications include meningitis, dural
arteriovenous fistulae, rhinorrhea, transient cranial nerve deficits, tissue sloughing, and even death.12,20

Key Points
1. The list of indications for trigeminal ganglion block and lesioning has increased as the number of patients with refractory cases has increased.
2. Blockade of the trigeminal ganglion is a technically challenging procedure and requires extensive knowledge of extraand intracranial anatomy.
3. Several neurolytic techniques are available after a successful diagnostic block.
4. Conventional radiofrequency lesioning has the highest initial pain relief rate and sustained analgesia rate.
5. Sensory loss in the distribution of the trigeminal nerve is a side effect and not a complication of trigeminal ganglion
neurolysis.
6. Complications, although rare, can be devastating.
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Maxillary Nerve Block
and Neurolysis
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Miles Day, MD

There are several different approaches to
blockade of the maxillary nerve. Levy and Baudoin described a lateral approach in 1906.1 A
year later, Schlosser published an article on an
anterolateral approach where the skin entry site
was anterior to the coronoid process and inferior to the zygomatic arch. An orbital approach
utilizing the infraorbital fissure has been
described by Matas. A suprazygomatic technique has been advocated by other authors.2,3
Dentists use an oral approach. Of these techniques, the lateral approach via the mandibular
notch is most often used by pain practitioners
and will be described in this chapter.
The maxillary nerve is the second division of the trigeminal nerve innervating the
face (Figs. 1 and 2). The maxillary nerve can be
blocked in the pterygopalatine fossa, whereas,
its branches may be blocked at the posterior
and lateral borders of the maxilla or at the
infraorbital foramen.

Fig. 1. Trigeminal distribution and innervation.

Netter medical illustration used with permission of Elsevier. All rights reserved.

Fig. 2. Trigeminal
distribution and
innervation.
Netter medical
illustration used
with permission of
Elsevier. All rights
reserved.
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Indications

Anatomy

♦ In the pain management realm, maxillary nerve block is

♦ The maxillary division of the trigeminal nerve is a pure

♦
♦
♦

♦

♦

indicated for the diagnosis and treatment of chronic pain
in the distribution of the maxillary division of the trigeminal nerve.
Indications of maxillary nerve blocks are listed in Table 1.
Contraindications, both absolute and relative, are listed in
Table 2.
For diagnostic purposes, the block can be performed in the
pterygopalatine fossa as the nerve exits the foramen rotundum, or be accomplished by blocking the distal branches
as they exit their respective foramina.
• Local anesthetic is all that is required for the diagnostic
block. Steroids are optional.
After a successful diagnostic block, several therapeutic
options are available.
• The block can be repeated with local anesthetic or the
addition of steroid, or a neurolytic block with 6% phenol or alcohol can be performed.
• Pulsed radiofrequency lesioning is also an option and
has recently gained popularity since it is a nonneurodestructive therapeutic modality.
There are no major published reports on the effectiveness
of maxillary nerve blocks in chronic pain.

Table 1. Indications of maxillary nerve blocks.

• Trigimenal neuralgias
• Palliation of cancer-related pain
• Refractory cluster headaches
• Atypical facial pain
• Surgical anesthesia

sensory nerve (Fig. 3).
• The maxillary nerve exits the middle cranial fossa via
the foramen rotundum and crosses the pterygopalatine fossa cephalad and lateral to the sphenopalatine
ganglion.4
• It continues anteriorly through the infraorbital fissure,
and emerges from the orbit to the face via the infraorbital foramen.
♦ The branches of the maxillary division are split into 4
regional groups:
• Intracranial group: includes the middle meningeal
nerve, which innervates the dura mater of the medial
cranial fossa.
• Pterygopalatine group: includes the zygomatic nerve,
which provides sensory innervation to the temporal
and lateral zygomatic region; and the sphenopalatine
branches, which help to innervate the mucosa of the
maxillary sinus, upper gums and molars, and mucous
membranes of the cheek.
• Infraorbital canal group: includes the anterosuperior
alveolar branch, which innervates the incisors and
canines, the anterior wall of the maxillary antrum, and
the floor of the nasal cavity; and the middle superior
branch, which supplies the premolars.

Table 2. Contraindications of maxillary nerve blocks.

•
•
•
•
•
•
•

Patient refusal − A

Local infection and sepsis − A

Allergy to medications used − A & R
Coagulopathy − R

Antiplatelet therapy

Anticoagulant therapy − R

History of facial trauma − R
A = absolute; R = relative
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Fig. 3. Illustration of anatomy of ophthalmic (V1) and maxillary (V2) branches of trigeminal nerve.
Netter medical illustration used with permission of Elsevier. All rights reserved.
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• Infraorbital facial group: the inferior palpebral branch,

which innervates the conjunctiva and skin of the lower
eyelid; the external nasal branch, which supplies the side
of the nose; the superior labial branch, which supplies
the skin of the upper lip and part of the oral mucosa.
♦ The tissue surrounding the area through which the maxillary nerve passes after it exits the foramen rotundum is
supplied by the internal maxillary artery. It is divided into
3 portions: mandibular, pterygoid, and pterygopalatine.5
• The first, or mandibular, portion passes horizontally
forward between the ramus of the mandible and the
sphenomandibular ligament where it lies parallel to,
and a little below, the auriculotemporal nerve; it crosses the inferior alveolar nerve, and runs along the lower
border of the pterygoideus externus.
• The second, or pterygoid, portion runs obliquely forward and upward under the cover of the ramus of
the mandible and insertion of the temporalis, on the
superficial surface of the pterygoideus externus; it then
passes between the 2 heads of origin of this muscle
and enters the pterygopalatine fossa.
• The third, or pterygopalatine, portion lies in the pterygopalatine fossa in relation with the sphenopalatine
ganglion. Smaller arteries with variable branching patterns then branch off of the 3 portions and supply the
deep tissues of the cheek.6
♦ The trigeminal or fifth cranial nerve is the major general

A. Maxillary nerve anatomy.

sensory nerve of the head, and also innervates muscles
that move the lower jaw. It carries general somatic afferent
(GSA) and branchial efferent (BE) B-fibers.
• The GSA fibers provide sensory input from the face,
anterior one-half of the scalp, mucous membranes of the
oral and nasal cavities and the paranasal sinuses, part of
the tympanic membrane, the eye and conjunctiva, and
the dura mater in the anterior and middle cranial fossa.
The BE fibers innervate the muscles of mastication, the
tensor tympanic, tensor veli palatine, the mylohyoid,
and the anterior belly of the digastric.

Technique
Anatomic Considerations

♦ The trigeminal nerve (5) splits into 3 major divisions – the

ophthalmic (V1), maxillary (V2), and mandibular (V3)
nerves – before leaving the middle cranial fossa (Fig. 3).
• Each of these divisions passes out of the cranial cavity
to innervate part of the face, so most of the skin covering the face is innervated by branches of the trigeminal
nerve.
• The only area which is not covered by the trigeminal
nerve is a small area covering the angle and lower border of the ramus of the mandible and parts of the ear,
which are innervated by cervical nerves.

B. An illustration of the placement of the needle to block the
maxillary nerve entering through the mandibular notch.

Fig. 4. Illustration of the maxillary nerve and needle placement to block the nerve.
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• The mandibular nerve (V3) exits the skull through

the foramen ovale. Branches of the mandibular nerve
which innervate the face are the auriculotemporal
nerve, the buccal nerve, and the mental nerve.
• The auriculotemporal nerve enters the face just posterior to the temporomandibular joint and passes
through the parotid gland, and ascends just anterior
to the ear to supply the external acoustic meatus, the
surface of the tympanic membrane (eardrum), and a
large area of the temple.
• The buccal nerve is on the surface of the buccinator
muscle and supplies the cheek (Fig. 4).
• The mental nerve exits the mandible through the mental foramen and immediately divides into the multiple
branches to supply the skin and mucous membrane of
the lower lip and skin of the chin (Fig. 4).
♦ The arterial supply of the face and venous drainage is also
important in performing any trigeminal ganglion block
or terminal branch blocks of ophthalmic, maxillary, and
mandibular nerves.
• The arterial supply to the face is primarily from branches of the external carotid artery, though there is some
limited supply from a branch of the internal carotid
artery.
• Most of the venous return is to the internal jugular vein,
though some important connections from the face result
in venous return through a clinically relevant intracranial pathway involving the cavernous sinus.
♦ Diagnostic and therapeutic blocks of the maxillary nerve
are performed similarly.
• Light sedation with versed and fentanyl may be
required.
• Fluoroscopy is not always necessary, but may be used
when external landmarks are not easily palpated or
when a neurolytic technique is planned (Fig. 5).
♦ The patient is placed in the supine position.
• The mandibular notch is identified by palpation. It is
easily identified by palpating the region below the zygoma and anterior to the temporomandibular joint as the
patient opens and closes his or her mouth.
• Under sterile conditions, the skin over the notch is
anesthetized.
• The block needle (usually a 22-gauge, 8-10 cm, shortbevel or a same-size curved, blunt needle) is inserted in
a horizontal plane through the mandibular notch until
bone (the lateral pterygoid plate) is touched (typically
4-5 cm).
• If a blunt needle is used, an 18-gauge, 1.25-inch angiocatheter is inserted initially.
• The needle is withdrawn and redirected anteriorly and
superiorly into the pterygopalatine fossa.
• The needle is advanced approximately 0.25-0.5 cm at
which depth a paresthesia is usually perceived in the
upper lip or teeth.6

Fig. 5. Lateral image of the same needle. ST= sella turcica; PF = pterygopalatine fossa; O = orbit; MS = maxillary sinus.

♦ If performed under fluoroscopy, the needle is angled

toward the superior portion of the pterygopalatine fossa
which appears as a “V” on the lateral image (Fig. 5).
• On an anteroposterior image, the needle tip should be
above the level of the middle turbinate. To minimize
cerebrospinal fluid injection, the needle should not be
advanced more than 1.5 cm past the lateral pterygoid
plate (Fig. 6).1
• Local anesthetic, 3-5 mL, is injected. This volume will
most likely block the sphenopalatine ganglion as well,
given its proximity to the maxillary nerve in the pterygopalatine fossa.
• If fluoroscopy is used, 0.5-1.0 mL of contrast can be
injected first to rule out intravascular or intrathecal
(IT) placement of the needle.
• The needle is removed and an ice pack is applied to the
cheek.
♦ Neurolytic blocks can be done with 6% phenol or absolute
alcohol.
• After appropriate placement of the needle, up to 1.01.5 mL of the neurolytic solution is injected in 0.1 mL
aliquots.
• The needle should then be flushed with 0.5 mL of
saline prior to removal.
♦ Pulsed radiofrequency lesioning can also be performed
after a successful diagnostic block.
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Table 3. Side effects and complications associated with
maxillary nerve block and neurolysis.

• Cheek hematoma

• Retrobulbar hematoma
• Transient blindness
• Permanent blindness
• Intrathecal injection
• Nosebleed
• Tissue sloughing with neurolytics
• The inability to stop Coumadin is a contraindication

to performing the procedure.

• Patients taking heparin should receive the same con-

sideration as Coumadin, but a partial thromboplastin
time should be obtained instead of a PT.
• Since there is less theoretical risk with blockade of terminal cutaneous branches of the maxillary nerve, anticoagulation medication does not necessarily have to be
withheld.

Fig. 6. Anteroposterior picture of a 20-gauge, curved,
blunt needle in position for maxillary nerve blockade. R
= ramus of mandible; O = orbit; MT = middle turbinate;
S = septum; D = dens.
• Sensory stimulation is performed at 50 Hz, 1V.
• Paresthesia in the upper teeth should be perceived at <

Side Effects and Complications

• Motor stimulation is not necessary as this is a sensory

♦ Complications associated with maxillary nerve block and

0.5V.

nerve.
• Once confirmed, 2 or 3, 120-second pulsed radiofrequency cycles are administered at 40-42°C.

Precautions
♦ For any invasive pain management procedure, patients

taking anticoagulant therapy should receive special
consideration.
• The benefit of the block must always outweigh the risk
of stopping the anticoagulant medicine.
• Consultation with the patient’s primary care physician
(PCP) is a must to protect the patient as well as the pain
practitioner.
• As a rule, for blockade of the maxillary nerve in the
pterygopalatine fossa, you should consult the patient’s
physician prior to the procedure.
• Aspirin should be withheld for 7 to 10 days, clopidogrel
for 7 to 10 days, and ticlopidine for 10 to 14 days.
• Patients taking Coumadin should stop it based on their
PCP’s recommendations and have a prothrombin time
(PT) drawn on the morning of the procedure.

♦
♦
♦

♦
♦
♦

neurolysis are listed in Table 3 and are as follow:
• Cheek hematoma
• Retrobulbar hematoma
• Transient blindness
• Permanent blindness
• Intrathecal injection
• Nosebleed
• Tissue sloughing with neurolytics.
Hematoma formation is possible given the large venousplexus that overlies the pterygopalatine fossa.
Laceration of the internal maxillary artery or 1 of its
branches can lead to cheek or retrobulbar hematoma.
Spread of local anesthetic anteriorly through the infraorbital fissure to the optic nerve can result in temporary
blindness.
• If this occurs with neurolytic solutions, permanent blindness may be the end result.
Misdirecting the needle too far medially can result in
intrathecal placement and injection.
Nosebleed may occur if the needle is advanced through the
pterygopalatine fossa and into the nasal cavity.
Tissue sloughing may occur if any of the neurolytic solution is dripped onto the skin.
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Key Points
1. Maxillary nerve blocks can be performed with or without fluoroscopy.
2. Techniques for diagnostic and therapeutic blocks are identical.
3. Knowledge of the anatomy of the maxillary nerve and surrounding tissue is important.
4. The author encourages practitioners to use fluoroscopy for neurolytic blocks.
5. Sensory stimulation for pulsed radiofrequency should be < 0.5V.
6. Cheek hematoma can be reduced by placing an ice bag on the cheek after the procedure.
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Mandibular Nerve Block and
Neurolysis

18

Miles Day, MD

Blockade of the mandibular branch of the trigeminal
nerve is a technique that evolved after descriptions of the trigeminal ganglion block were published. It is used frequently in
the practice of dentistry, but has found a role in the treatment
of chronic pain. The block can be performed intraorally or
extraorally, with the latter more frequently performed in the
management of chronic pain. As with all invasive procedures,
knowledge of the relevant anatomy is a must to correctly per-

Fig. 1. Cranial nerves and parasympathetic innervation.

form this block and to avoid untoward events.
The mandibular nerve is the third and only mixed division of the trigeminal ganglion, being formed by the union of a
large sensory root and a small motor root (Fig. 1).
Fig. 1 illustrates cranial nerves and parasympathetic innervation as well as dermatomal distribution of the mandibular
nerve along with maxillary, ophthalmic branches, and cervical
nerves.

Reproduced from Gray’s Anatomy for Students, with permission from Elsevier.
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Indications
♦ The mandibular nerve block is indicated in the interven-

♦

♦

♦

♦

tional pain management arena for diagnosis and treatment
of malignant and nonmalignant pain syndromes.
• These include the following:
• carcinoma of the tongue
• carcinoma of the lower jaw
• carcinoma of the floor of the mouth
• mandibular neuralgia
• atypical facial pain.
Contraindications are absolute (A) and relative (R) as
follows:
• Patient refusal – A
• Local infection and sepsis – A
• Allergy to medications used – A and R
• Coagulopathy – R
• Anticoagulant therapy – R
• Antiplatelet therapy – R
• History of facial trauma - R
For diagnostic purposes, the block can be performed as the
nerve exits the foramen ovale or accomplished by blocking
the distal branches as they exit their respective foramina.
• Local anesthetic is all that is required for the diagnostic
block. Steroids are optional.
After a conclusive diagnostic block, therapeutic options
include repeat block with steroid, chemical neurolysis, or
pulsed radiofrequency.
• Given the non-neurodestructive properties of pulsed
radiofrequency, it may be best to attempt this technique
first and consider the use of neurolytics as a second-line
therapy.
There are no clinical studies reporting the effectiveness of
mandibular nerve block in chronic pain.

♦

♦

♦

Anatomy
♦ The trigeminal (V) cranial nerve is the major general sen-

sory nerve of the head, and also innervates muscles that
move the lower jaw. It carries general somatic afferent
(GSA) and branchial efferent (BE) fibers.
• The GSA fibers provide sensory input from the face,
anterior half of the scalp, mucous membranes of the oral
and nasal cavities and the paranasal sinuses, part of the
tympanic membrane, the eye and conjunctiva, and the
dura mater in the anterior and middle cranial fossa.
• The BE fibers innervate the muscles of mastication, the
tensor tympanic, tensor veli palatine, the mylohyoid,
and the anterior belly of the digastric.
♦ The trigeminal nerve exits from the anterolateral surface
of the pons, and has a large sensory root and a small motor
root (Fig. 2).
• These roots continue forward out of the posterior cra-

♦

♦

nial fossa and into the middle cranial fossa by passing
over the medial tip of the petrous part of the temporal
bone.1
In the middle cranial fossa, the sensory root expands into
the trigeminal ganglion, which contains cell bodies for the
sensory neurons in the trigeminal nerve and is comparable
to a spinal ganglion (Fig. 2).
• The ganglion is in the trigeminal depression on the
anterior surface of the petrous part of the temporal bone
in a dural or trigeminal cave.
• At this point, the motor root is below and completely
separate from the sensory root.
From the anterior border of the trigeminal ganglion, 3 terminal divisions arise.
• The ophthalmic nerve or division (V1)
• The maxillary nerve or division (V2)
• The mandibular nerve or division (V3)
The mandibular nerve (V3) leaves the inferior margin of
the trigeminal ganglion and leaves the skull through the
foramen ovale.
• The mandibular nerve is the third and only mixed division of the trigeminal ganglion, formed by the union of
a large sensory root and a small motor root (Fig. 2).1-3
• The sensory root arises from the anterolateral portion of
the trigeminal ganglion, whereas the motor component
arises from the pons and passes beneath the trigeminal
ganglion to reach the foramen ovale, through which,
together with the sensory root, it leaves the middle cranial fossa.
• Within, or immediately outside of the foramen, the
2 roots fuse into a single trunk called the mandibular
nerve (Fig. 1).
• The mandibular nerve then progresses anteriorly and
inferiorly deep in the infratemporal fossa just anterior
to the middle meningeal artery, lateral to the otic ganglion and internal pterygoid muscle, and medial to the
external pterygoid, the masseter and temporal muscles,
and the ramus of the mandible (Fig. 2).1-5
The mandibular nerve gives off 2 small branches soon
after it is formed: the nervus spinosus and the internal
pterygoid.
• The nervus spinosus runs superiorly with the middle
meningeal artery through the foramen spinosum to
supply the dura mater of the anterior and middle cranial
fossa and the mucosal lining of the mastoid sinus.4,6
• The internal pterygoid branch supplies the internal pterygoid muscle and sends branches to the otic
ganglion.
The mandibular nerve, after giving off branches, divides
into a small anterior and a large posterior trunk.
• The small anterior trunk is composed mostly of motor
fibers.
• The masseteric nerve provides motor innervation to
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Fig. 2. Illustrative anatomy of trigeminal ganglion and branches.

Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 3. Trigeminal nerve (V) leaving the skull.

Reproduced from Gray’s Anatomy for Students, with permission from Elsevier.

the masseter muscle; the anterior and posterior deep
temporal nerves provide motor innervation to the
temporalis muscle; and the external pterygoid nerve
provides motor innervation to the external pterygoid
muscle.
• It also has a small sensory branch, the buccinator,
which supplies the mucous membrane and skin over
this muscle.
♦ The large posterior trunk is composed mostly of sensory

fibers, but also has a small number of motor fibers. The
3 branches are the auriculotemporal, lingual, and inferior
alveolar nerves (Figs. 1-3).
• The auriculotemporal nerve arises from the posterior
trunk and immediately runs posterolaterally beneath
the external pterygoid muscle to reach the medial side
of the neck of the mandible.
• Here it turns sharply cephalad to ascend between the
anterior border of the auricle and the condyle of the
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mandible under cover of the parotid gland, where it
divides into the anterior auricular, the external meatal,
articular, parotid, and superficial temporal branches.
• It provides innervation to skin anterior to the tragus
and helix, the lining of the acoustic meatus, the tympanic membrane, the posterior temporomandibular
joint, the parotid gland, and the skin of the temporal
region.
• The lingual and inferior alveolar nerves proceed in an
inferolateral direction to reach the medial side of the
ramus of the mandible.
• The lingual nerve provides sensory innervation to the
dorsum and lateral aspects of the anterior two thirds
of the tongue, the lateral mucous membranes of the
mouth, and the sublingual gland.
• The inferior alveolar nerve enters the ramus of the mandible through the mandibular foramen and provides
sensory innervation to the lower teeth and mandible.
• Its terminal branch, the mental nerve, exits the mandible via the mental foramen and transmits sensory
stimuli from the chin and mucous membranes and
skin of the lower lip.

Fig. 4. Cutaneous distribution of the trigeminal (V) nerve.
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Technique
Anatomic Considerations

♦ The trigeminal (V) nerve splits into 3 major divisions

– the ophthalmic (V1), maxillary (V2), and mandibular
(V3) nerves – before leaving the middle cranial fossa (Figs.
1-3).
• Each of these divisions passes out of the cranial cavity
to innervate part of the face, so most of the skin covering the face is innervated by branches of the trigeminal
nerve.
• The only area which is not covered by the trigeminal
nerve is a small area covering the angle and lower
border of the ramus of the mandible and parts of the
ear, which are innervated by cervical nerves.
• The mandibular nerve (V3) exits the skull through the
foramen ovale.
• Branches of the mandibular nerve which innervate the
face are the auriculotemporal nerve, the buccal nerve,
and the mental nerve (Fig. 4).

Reproduced from Gray’s Anatomy for Students, with permission from Elsevier.
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Fig. 5. Vasculature of the scalp.

Reproduced from Gray’s Anatomy for Students, with permission from Elsevier.

• The auriculotemporal nerve enters the face just poste-

rior to the temporomandibular joint and passes through
the parotid gland, and ascends just anterior to the ear to
supply the external acoustic meatus, the surface of the
tympanic membrane (eardrum), and a large area of the
temple.
• The buccal nerve is on the surface of the buccinator
muscle and supplies the cheek (Fig. 4).
• The mental nerve exits the mandible through the mental foramen and immediately divides into the multiple
branches to supply the skin and mucous membrane of
the lower lip and skin of the chin (Fig. 4).
♦ The arterial supply of the face and venous drainage is also
important in performing any trigeminal ganglion block or
terminal branch blocks of ophthalmic, maxillary, and mandibular nerves (Fig. 5).

• The arterial supply to the face is primarily from branch-

es of the external carotid artery, though there is some
limited supply from a branch of the internal carotid
artery.
• Most of the venous return is to the internal jugular
vein, though some important connections from the
face result in venous return through a clinically relevant
intracranial pathway involving the cavernous sinus. Fig.
5 illustrates the vasculature of the scalp.
Technical Considerations

♦ Diagnostic and therapeutic blocks of the mandibular nerve

are both performed in the same manner (Fig. 6).
• Light sedation with midazolam and fentanyl may be
used.
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A. Illustrative anatomy of the mandibular nerve.

B. Illustration of needle entry in the mandibular
notch for extraoral mandibular nerve block.

C. Illustration of the placement of needles and their positions.

Fig. 6. Needle placement for mandibular nerve block.
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• Fluoroscopic guidance is not a necessity, but is

encouraged when a therapeutic block is planned as it
can facilitate needle positioning.
• The patient is placed in the supine position and the
cheek is prepared and draped in a sterile fashion (Fig.
6).
• Palpate the mandibular notch.
• This is easily identified by palpating the region
below the zygoma and anterior to the temporomandibular joint as the patient opens and closes the
patient’s mouth.
• A 22-gauge, 1.5-inch, short-bevel needle or a same
size curved, blunt block needle can be used.
• Anesthetize the skin over the notch.
• If the blunt needle is used, an 18-gauge, 1.25-inch
angiocatheter must first be inserted.
• Insert the block needle in a horizontal plane through
the mandibular notch until bone (the lateral pterygoid plate) is touched at a typical depth of 4-5 cm.
• Withdraw the needle and redirect in a slightly caudal and posterior direction until a paresthesia is produced in the lower lip, lower jaw, or ipsilateral tongue
or ear.
• The depth should not be more than 0.1-0.25 cm
beyond the depth at which the lateral pterygoid plate
was contacted. The total distance should not exceed
5.5 cm.
• If a paresthesia is not elicited at a depth of 5.5 cm, the
needle should be withdrawn and redirected.
• After proper positioning, inject 2-3 mL of local anesthetic, remove the needle, and apply an ice pack to the
side of the face.
♦ If using fluoroscopy, start with a lateral view and proceed
using the same technique as described above.
• Since this technique involves blocking the nerve as it
exits the foramen ovale, a submental, oblique view can
be obtained (described in chapter 17) in order to verify
the position of the needle tip in relation to the foramen
ovale.
• The needle tip should be adjacent to, or overlie, the
shadow of the foramen ovale.
• To rule out intravascular or intrathecal injection, instill
0.5-1.0 mL of contrast. If negative, inject the aforementioned volume of local anesthetic.
♦ Chemical neurolysis can be achieved using 6% phenol,
50% glycerol, or absolute alcohol.
• After a successful diagnostic block and after proper
positioning of the needle, up to 1.0 mL of the neurolytic solution is injected in 0.1 mL increments. Flush
the needle with 0.5 mL normal saline before removing
it.

♦ For pulsed radiofrequency lesioning, perform sensory and

motor stimulation at 50 Hz, 1V and 2 Hz, 2V, respectively,
to check needle position.
• Paresthesia should be obtained at < 0.5V. With motor
stimulation, masseter contraction should be apparent at
< 1.0V.
• Two to 3, 120-second pulsed cycles should be carried
out.
• The temperature should range from 40-42°C.

Precautions
♦ For any invasive pain management procedure, patients

taking anticoagulant therapy should receive special
consideration.7,8
• The benefit of the block must always outweigh the risk
of stopping the anticoagulant medicine.
• Consultation with the patient’s primary care physician is a must to protect the patient as well as the pain
practitioner.
♦ As a rule for blockade of the mandibular nerve, aspirin
may be withheld 7 to 10 days, clopidogrel 7 to 10 days, and
ticlopidine 10 to 14 days, prior to the procedure.
♦ Patients taking Coumadin should stop it based on their
primary care physician’s recommendations and have a prothrombin time drawn on the morning of the procedure.
• The inability to stop Coumadin is a contraindication to
performing the procedure.
• Heparin should receive the same consideration as Coumadin, but a partial thromboplastin time should be
obtained instead of a prothrombin time.
♦ Since there is less theoretical risk with blockade of terminal cutaneous branches of the mandibular nerve, anticoagulation therapy does not necessarily have to be withheld.
• These are only guidelines and are by no means
standards.

Side Effects and Complications
♦ Mandibular nerve block is a relatively simple and straight-

forward block with few complications, even though the
risk of major complications is a possibility.
♦ Given the highly vascular nature of the surrounding tissue,
hematoma formation is a possibility.
♦ A very close posterolateral relation of the mandibular
nerve to the middle meningeal artery, which enters the
cranial cavity through the spinous foramen, is a risk. Thus,
meticulous aspiration is essential.
• Hemorrhage in the cheek often occurs during and fol-
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lowing the block, with formation of a hematoma in the
face or subscleral area of the eye.
♦ If the needle is angled too posterior and medial, the pharynx or spinal canal can be entered.
• This happens when the needle is walked posteriorly off
the lateral pterygoid plate, as it comes to lie on the superior constrictor muscle of the pharynx which is attached
to the border of the lateral pterygoid plate.
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• If the needle is advanced deeper at this stage it can

enter the pharynx and air bubbles will be seen during
aspiration.
♦ Dysesthesias in the distribution of the mandibular nerve
may occur if a neurolytic solution is used.
♦ Tissue sloughing can also happen if the needle is not
flushed with saline before it is withdrawn.

Key Points
1. Blockade of the mandibular nerve is a relatively straightforward and highly effective block.
2. Knowledge of the anatomy of the mandibular nerve and surrounding structures is important.
3. The mandibular nerve block can be performed with or without fluoroscopy.
4. Use of fluoroscopy for neurolytic blocks is mandatory.
5. Techniques are identical for both diagnostic and therapeutic blocks.
6. Sensory stimulation for pulsed radiofrequency should be < 0.5V.
7. Cheek hematoma can be reduced by placing an ice bag to the cheek after the procedure.
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Cervical Plexus Block
Jyotsna V. Nagda, MD
Kathy Wang, DO
Rebecca Posner, MD

Cervical plexus block is mostly utilized to provide analgesia for surgical procedures in the neck and supraclavicular
fossa. Based on the nature of the surgical procedure, whether it
is superficial or deep, the choice of deep or superficial cervical
plexus block is determined.
Cervical plexus block is also utilized in managing acute
and chronic pain in the occipital, neck, and shoulder regions.
Halsted performed the first cervical plexus block at Bellevue Hospital in New York in 1884.1 In 1912, Kappis published the first report on cervical plexus block using a posterior
approach in Germany. Two years later, Heidenhein introduced
the lateral approach. This technique was later popularized by
Louis Gaston Labat in the United States.2

Indications

Clinical Applications
Superficial Cervical Plexus Block

♦ In certain cases of neuropathic pain following radical neck

dissection, superficial plexus block may provide significant
pain relief.3,4
♦ Intractable headache.
• A unilateral superficial cervical plexus block can relieve
pain from intractable headache by simultaneously
blocking the greater (major) and lesser (minor) occipital
nerves, the great auricular nerve, the transverse cervical
nerve, and the supraclavicular nerve.5
Deep Cervical Plexus Block

♦ Indications for a superficial cervical plexus block:

♦ Neck and occipital pain.4
♦ Hiccups.

• Occipital neuralgia
• Posterior auricular neuralgia.

♦ Indications for a deep cervical plexus block are:

• While some consider the 61% chance of phrenic nerve

• Neck pain
• Occipital neuralgia
• Hiccups.

♦ Indications for a combined superficial and deep cervical
plexus block are:
• Intractable headache
• Shoulder pain
• Frozen shoulder.
♦ Contraindications for a cervical plexus block include:
• Decreased pulmonary function
• Difficult airway
• Infection over site of injection
• Bleeding disorder or anticoagulant therapy
• Patient refusal or inability to consent or cooperate
• Allergy to local anesthetic and/or steroid.

paralysis with a deep cervical plexus block a complication,6
for those who suffer from intractable hiccups (from infiltrative cancer or idiopathic causes), it can be a treatment.

Combined Superficial and Deep Cervical Plexus Block

♦ Shoulder pain and frozen shoulder.
♦ Intractable headache.

• Repeated deep cervical plexus blocks have been shown

to relieve refractory headache pain due to sympathetically C3 mediated headache from a brachial plexus
stretch injury.7
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Anatomy
The anatomy of the superficial cervical plexus is described
in Tables 1 and 2, and illustrated in Figs. 1-4.
♦ The cervical plexus can be found on the anterior surface
of C1–C4 vertebrae, resting on the levator anguli scapulae
and the scalenus medius muscles.
• The plexus is covered by the sternocleidomastoid
muscle.
• The spinal nerves form when the posterior and anterior
branches combine and exit via the intervertebral foramen.
• The cervical plexus is derived from the anterior branches or rami of the first 4 cervical nerves (C1–C4).8
♦ The cervical plexus is divided into superficial and deep
branches.
• The superficial cervical plexus provides sensory innervation to the lateral neck, upper shoulder, and posterior
scalp (Figs. 1-4).

Fig. 1. Superficial sensory distribution of the superficial cervical plexus.

Table 1. Anatomy and distribution of the superficial cervical
plexus.
Nerve

Sensory Area

Lesser (Minor)
Occipital (C2)

• Skin of neck and scalp behind ear,
posterior auricle of the ear
•C
 ommunications with greater
occipital nerve, greater auricular
nerve, facial nerve (auricular branch)

Greater (Major)
Auricular (C2, C3)

• Skin of face over parotid gland,
mastoid process, posterior auricle
portion, lateral aspect, and concha of
the ear
•C
 ommunications with lesser
occipital nerve, facial nerve, and
vagus nerve

Transverse Cervical
(C2, C3)

• Skin over anterolateral neck as low
as sternum

Suprascapular (C3, C4)

• Skin over upper posterior shoulder
and chest as low as second rib,
sternoclavicular joint

Fig. 2. Lateral view of the neck and cervical nerve
roots.
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♦ The deep cervical plexus provides for motor

innervation to the muscles of the neck, such
as the scalenes, the strap muscles, and the
diaphragm.
• The first 4 cervical nerves ultimately give
rise to the spinal accessory nerve, the supraclavicular nerve, the transverse cervical
nerve, the greater auricular nerve, the lesser
and greater occipital nerves, and the facial
nerve.

Table 2. Anatomy and distribution of the cervical
plexus.
Nerve

Sensory Area

C1

• Primarily motor and usually not blocked
with techniques described in this chapter.
• Fibers join the hypoglossal nerve or cranial
nerve 12 (CN XII) to innervate the thyrohyoid
and geniohyoid muscles.

C1–C2

• Fibers join to form the superior root of the
ansa cervicalis.

C2

• The posterior ramus of C2 forms the greater
(major) occipital nerve, which innervates the
occipital region of the head.

C2–C3

• Fibers join to form the inferior root of the
ansa cervicalis. The inferior root joins the
superior root to supply the strap muscles.

C2–C4

• Supplies sternocleidomastoid, trapezius, and
the levator scapulae muscles.

C3–C4

• Sends a branch to the spinal accessory nerve
to innervate the sternocleidomastoid and the
trapezius muscles.

C3–C5

• Forms the phrenic nerve which innervates
the diaphragm.
• The phrenic nerve is primarily derived from
the C4 nerve root, but in 20% to 84% of
people, an accessory phrenic nerve exists,
which is derived from the C5 nerve root.
The existence of this accessory phrenic
nerve accounts for persistent phrenic nerve
function.5

C4

• Sends a branch to join the C5 cervical nerve
and the brachial plexus.11

Fig. 3. Anatomy of the cervical plexus.

Reproduced with permission from Atlas of Human Anatomy, Frank H.
Netter, 2006.

Fig. 4. Cross-section of the neck, cervical plexus, and surrounding
structures.

242

Interventional Techniques in Chronic Non-Spinal Pain

Table 3. Technique for a superficial cervical plexus
block.

♦	Patient supine with head rotated away from side to
be blocked.
•	Mark the mid-posterior border of the

sternocleidomastoid muscle (found at the level of
the cricoid cartilage and parallel to the C6 transverse
process, and where the external jugular vein crosses the
sternocleidomastoid).

♦ Prep and drape in sterile fashion.
♦	Anesthetize the subcutaneous tissue at the previously
marked site with 1% Lidocaine.

•	A 22- to 25-gauge needle, 1.5 cm in length, is advanced

caudad and then cephalad, along the posterior border of
the sternocleidomastoid muscle.
•	Inject 10 mL to 20 mL of bupivacaine, ropivacaine, or
mepivacaine in divided doses along the posterior border of
the sternocleidomastoid, concentrating on the previously
marked site.

Technique
Procedure Environment

♦ This procedure can be performed at the bedside, in the

preoperative area, or in the operating room.
• In all locations, appropriate monitoring and sterile
equipment are required.
• The patient should be monitored with pulse oximetry,
noninvasive blood pressure cuff, and continuous elec
trocardiography.
• Oxygen and resuscitation equipment should be available, as should nursing assistance.
♦ Fluoroscopy is not required and not described here, but
may be used if available and desired when performing a
deep cervical plexus block.
• Fluoroscopy is not necessary to perform a superficial
cervical plexus block.
Preparation

♦ After the initial evaluation, the patient is placed in the
supine position and appropriate monitors are applied.
• IV access should be established prior to the procedure.
• Judicious intravenous or oral sedation may be used.

Superficial Cervical Plexus Block

Fig. 5. Superficial cervical plexus block.

The technique for a superficial cervical plexus block (Fig.
5) is summarized in Table 3.
♦ With the patient in the supine position, rotate the patient’s
head to the side opposite that to be blocked.
• The border of the sternocleidomastoid is accentuated if
the patient lifts his or her head.
♦ Mark the middle of the posterior border of the sternocleidomastoid, which should correlate with the level of C6
as well as the cricoid cartilage.
• The external jugular vein should also be identified as it
crosses the sternocleidomastoid muscle, also at the level
of C6.
• The external jugular vein lies very close to the superficial cervical plexus.
♦ Prep and drape the patient’s neck in standard sterile fashion and prepare the necessary equipment, including a 22–
to 25-gauge needle, 1.5–4 cm in length.
♦ Anesthetize the marked area with 1% Lidocaine.
♦ In divided doses and after negative aspiration, inject 10
mL to 20 mL of local anesthetic along the posterior border
of the sternocleidomastoid in both a cephalad and caudad
direction, concentrating on the midpoint of the posterior
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border of the muscle belly, where most of the plexus exits.
• Inject 3 mL to 5 mL of local anesthetic with each direction and redirection.
♦ Appropriate local anesthetics include 1.5% Mepivacaine,
2% Lidocaine, 0.5% Ropivacaine, or 0.25% Bupivacaine.
• Surgical anesthesia can be provided for 2 to 4 hours,
while pain relief can last for 3 to 10 hours.3,9-12
Deep Cervical Plexus Block — Classic Technique

♦ The technique for a deep cervical plexus block (Fig. 6) is

♦ With the patient’s head in midline, draw a line with

♦

summarized in Table 4.

♦

♦

♦
♦
♦
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Table 4. Technique for a deep cervical plexus block.

♦ With the patient in the supine position, rotate the patient’s

head to the side opposite that which will be blocked and
identify the posterior border of the sternocleidomastoid,
which can be accentuated if the patient lifts his or her head
off the pillow.
With the patient’s head in midline, draw a line with a
marking pen from the mastoid process to the palpated
transverse process of C6, which should be at the level of
the cricoid cartilage.
• The C6 vertebrae can also be found at the level where
the external jugular vein crosses the sternocleidomastoid muscle.
Mark the transverse processes of C2, C3, and C4. All transverse processes should be palpated to confirm placement.
• Because there is no transverse process for C1, the C2
transverse process is the first 1 palpated. All can be
found 0.5 cm posterior to the first line drawn.
• The transverse process of C2 is 1.5–2 cm caudad to the
mastoid process and 0.5 cm posterior to the first line
drawn.
• The transverse process of C3 and C4 are then each
approximately 1–1.5 cm further caudad, both 0.5 cm
posterior to the first line drawn.
• The C4 transverse process can be found at the per
pendicular intersection of 2 lines — 1 line drawn
from the notch of the thyroid laterally and a second
line starting from 1 cm posterior to the mastoid.
• An additional landmark is the larynx, which is typically at the level of vertebrae C4-C6. The C4 level
can be confirmed by palpating the notch of the thyroid cartilage.
• The C6 transverse process can be found at the perpendicular intersection of 2 lines as well — 1 line drawn laterally from the cricoid cartilage to a similar line drawn
from 1 cm behind the mastoid process.
Once all landmarks have been identified and marked, the
patient is prepped and draped in standard sterile fashion.
The marked areas, which should directly overly their
respective transverse processes, are then anesthetized with
1% Lidocaine.
A 22- to 25-gauge, 6-9 cm needle that is attached to a
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♦
♦
♦

♦

a marking pen from the mastoid process to the transverse process of C6, which should be at the level of the
cricoid cartilage. The C6 vertebrae can also be found
at the level where the external jugular vein crosses the
sternocleidomastoid muscle.
Mark the transverse processes of C2, C3, and C4. All
transverse processes should be palpated to confirm
placement. All can be found 0.5 cm posterior to the
first line drawn. The transverse process of C2 is 1.5–2
cm caudad to the mastoid process and 0.5 cm posterior to the first line drawn. The transverse process of
C3 and C4 are then each approximately 1–1.5 cm further and anterior, both 0.5 cm posterior to the first line
drawn.
Once all landmarks have been identified and marked,
the patient is prepped and draped in standard sterile
fashion.
The marked areas, which should directly overly their
respective transverse processes, are then anesthetized
with 1% Lidocaine.
A 25 gauge, 8–9 cm needle is then advanced at a perpendicular angle with the skin, and should contact each
transverse process. Paresthesia may occur when bone
is contacted. If bone is not contacted at an expected
depth, the needle should be withdrawn and landmarks
reassessed. The needle should rest 1-2 mm off the most
lateral, cephalad aspect of the transverse process.
After a negative aspirate, 5 mL of local anesthetic can
be injected at each of the 3 transverse processes.

Alternative Techniques
Both a single insertion technique at the transverse process
of either C3 or C4, and the use of a nerve stimulator via the
interscalene approach have been described.

syringe and flexible tubing is then advanced at a perpendicular angle with the skin, and should contact each transverse process.
• To avoid cord injury, the needle should never be inserted
greater than 2.5 cm or directed cephalad.
• Paresthesia may occur when bone is contacted, though
elicitation of paresthesia is not recommended.
• If bone is not contacted at an expected depth, the
needle should be withdrawn and the landmarks
reassessed.
• The needle should rest 1-2 mm off the most lateral,
cephalad aspect of the transverse process.
♦ After a negative aspirate, up to 5 mL of local anesthetic

244

Interventional Techniques in Chronic Non-Spinal Pain

confirmed when the necessary current intensity is < 0.5
mA.
• A study comparing the classic and alternative techniques
suggests that alternative techniques were not only less
painful for the patient during administration, but that
they provided equivalent analgesia and may decrease
the risk of systemic toxicity of absorbed Bupivacaine.15
• When a practitioner becomes experienced, the alternative techniques may be performed.
♦ Ultrasound guided technique of deep cervical plexus has
been described.13
Continuous Cervical Plexus Blockade

♦ Local anesthetic administered through a catheter placed in

Fig. 6. Deep cervical plexus block.
can be injected at each of the 3 transverse processes.3

♦ The vertebral artery is only 0.5 cm below the tip of the

transverse process so care should be taken with slow injection, and aspiration should always precede injection.
♦ As with the superficial cervical plexus block, appropriate
local anesthetics include 1.5% Mepivacaine, 2% Lidocaine,
0.5% Ropivacaine, or 0.25% Bupivacaine. Surgical anesthesia can be provided for 2 to 4 hours, while pain relief
can last for 3 to 10 hours.9-12
Deep Cervical Plexus Block — Alternative Techniques

♦ Alternative techniques have been described and include

a single insertion technique at the transverse process of
either C3 or C4. While injecting 10 mL of local anesthetic, pressure should be held from below to prevent caudal
spread of the local anesthetic.
♦ A second alternative technique involves localizing the cervical plexus with a nerve stimulator, which can be attached
to a needle contacting the C5 transverse process.
• If deltoid muscle contractions occur, then the needle is
near the C5 nerve root and is stimulating the cervical
plexus.3
• The needle can be inserted in the interscalene groove
at the level of the upper margin of the thyroid cartilage
(level C4–C5), and then directed caudally and medially until elevation and internal rotation of the scapula
occurs.
• This movement indicates that the levator muscle of
the scapula is being stimulated. Correct placement is

the superior aspect of the interscalene groove can provide
stable and long-lasting pain relief.
• The local anesthetic tracks cephalad towards the cervical plexus, but also tracks caudad to the brachial plexus.
• Continuous blockade of the brachial plexus can cause
arm weakness; both the patient and the surgeon need to
be aware of this expected side effect.
• Ipsilateral diaphragmatic paralysis also occurs, but this is
usually of little consequence in a patient without respiratory disease, though prolonged unilateral atelectasis can lead
to more serious morbidity in those who are predisposed.
• For these reasons, if the catheter is to be used long
term, regular bolus injection through the catheter is
preferred over a continuous infusion.3

Precautions
♦ With any procedure in the neck, it is important to pay

close attention to anatomical landmarks, to aspirate frequently, and to monitor the patient closely for any adverse
effects.
• Equipment and medication to stop seizure activity,
resuscitate, and induce a general anesthetic should be
immediately available.
• With careful technique, damage to nerves, blood vessels, and the spinal cord can be minimized.
• Informed consent and a cooperative patient are
required.

Side Effects and Complications
♦ With all injections in the neck, it is possible with a cervi-

cal plexus block to inject into the epidural, subdural, subarachnoid, intra-arterial, and intravenous spaces, which
can result in a total spinal anesthetic, nerve damage, a seizure, or other signs of local anesthetic toxicity.
• Fortunately, these complications are rare.3
♦ Intra-arterial injection: Absorption of local anesthetic
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from the head and neck occurs at a higher rate when compared to other parts of the body, and intra-arterial injections travel directly to the brain in high concentration.
• If local anesthetic is injected into the vertebral artery,
then sedation, slurred speech, confusion, and convulsions can occur.10
• Seizures due to intra-arterial injection are thought to
occur at a rate of 0.3% with cervical plexus blockade.
♦ Intravenous injection and hematoma formation: Because
the external jugular vein runs in close proximity to the
superficial cervical plexus, inadvertent venous injection is
possible.
• Toxic levels of local anesthetic can occur if they are
injected rapidly into the venous system.
• If the external jugular is violated, a hematoma can
form, possibly compressing the structures in the neck,
including the airway and the vasculature.3
• This risk can be minimized by avoiding multiple
needle insertions.
♦ Phrenic nerve block: The phrenic nerve is supplied by C3C5 cervical nerves and is frequently blocked with a deep
cervical plexus block.
• Bilateral deep cervical plexus blocks should be avoided in patients with respiratory disease or in those who
depend on their intercostal muscles for adequate respiration as is common in patients with heart disease, lung
disease, chest deformity, and obesity.11
• A phrenic nerve blockade and subsequent paralysis of
the ipsilateral hemidiaphragm is the most common
complication of a deep cervical plexus block.
• Some recommend avoidance of bilateral deep cervical plexus blocks in all patients, regardless of their
respiratory status.
• Appropriate monitoring is required. The incidence of
phrenic nerve blockade is estimated at 61%.12
♦ Tracheal compression: Airway obstruction is a risk with all

♦
♦
♦
♦

♦

♦

♦
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surgical procedures of the neck.
• If this complication is likely, regional anesthesia should
not be the sole anesthetic technique, and the airway
should be secured.
Recurrent laryngeal nerve block: Blockade of the recurrent
laryngeal nerve causes hoarseness and stridor. 15
Accessory nerve block: Blockade of the accessory nerve
commonly occurs, causing weakness of the sternocleidomastoid and trapezius muscles.2
Cervical sympathetic blockade: Horner’s Syndrome can
occur.3
Facial nerve block: Temporary blockade of the facial nerve
after a cervical plexus block has been reported. Symptoms
experienced include ipsilateral paralysis of muscles of
facial expression, drooping of mouth, loss of creases and
skin folds, inability to close the ipsilateral eyelid, and Bell
phenomena (eye rolling upward with effort).16
Cerebral embolus and mental status changes: With palpation of the neck during preparation for the block or during
the block, embolization of plaque or a decrease in cerebral
blood flow can occur, causing temporary or permanent
neurological damage.
• An uncooperative patient is at risk for respiratory
compromise.3
Thyrotoxicosis: Patients undergoing thyroid surgery are
often sensitive to catecholamines, both exogenous and
endogenous, and thyrotoxicosis can occur.
• Local anesthetic without epinephrine is ideal for patients
who were formerly thyrotoxic but who are euthyroid at
the time of surgery.
Dental pain: When cephalad dissection of the carotid
occurs, conscious patients can experience dental pain.
• This pain can be relieved by infiltration of local anesthetic by the surgeon, along with IV fentanyl and
midazolam.17
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Key Points
1. The cervical plexus block can be used to treat headache, neck, and shoulder pain.
2. Multiple potentional complications and side effects are due to the compactness of the structures of the neck and most
complications involve violation of these structures.
3. Nerves that are commonly blocked include the phrenic, recurrent laryngeal, hypoglossal, accessory, facial, and a cervical
sympathetic blockade with Horner’s Syndrome.
4. Nerve damage can also occur in the form of paraplegia or quadriplegia.
5. When an intravenous injection occurs, local anesthetic toxicity can occur, and when an intra-arterial injection occurs,
seizure activity can be seen.
6. Respiratory complications include tracheal obstruction and phrenic nerve blockade.
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Upper extremity blocks performed at the brachial plexus
or individual nerves are the most common peripheral nerve
blocks. However, the role of brachial plexus in managing
chronic pain is limited. Nevertheless, brachial plexus blocks
may be utilized in rehabilitation, physical therapy, and manipulation of painful shoulder and elbow joints, phantom limb pain
of upper extremity, and in the assessment and differentiation of
cervicogenic pain versus thoracic outlet syndrome.
Administering anesthetic agents to the brachial plexus has been
a key tool in providing pain relief for the upper extremity since being
described by Richard Hall and William Halsted in 1884.1 Halsted
performed a brachial plexus block under direct vision with cocaine
suspension on a patient receiving general anesthesia. Several investigators achieved upper extremity anesthesia by percutaneous injections of the brachial plexus. In 1911 Hirschel carried out the first
axillary approach to the blockade of the brachial plexus.2 During
that same year, Kulenkampff3 described a supraclavicular approach
in which the paresthesias of the plexus were elicited while positioning the needle between the first rib and the pleura. He recognized
that the subclavian artery was an easy landmark and that the plexus
was arranged in a compact fashion. The supraclavicular approach
was adopted enthusiastically for its efficacy, but the complication of
pneumothorax proved that the block was not without serious risks.
Nearly 5 years later, Bazy4 in France described an infraclavicular
approach to the brachial plexus in order to block all nerves and avoid
lung puncture. In addition, Mulley suggested a more proximal location for the brachial plexus blockade via an interscalene approach5,
this was later improved by Winnie.6 Both of these approaches to
the brachial plexus have become accepted as techniques with a lower risk of pneumothorax. However, the lateral approach for interscalene block of the brachial plexus introduced by Winnie6 in 1970 is
used worldwide for both anesthesia shoulder and upper arm surgery
and postoperative analgesia. Rettig et al7 have described some of the
disadvantages of this technique, including the importance of the
knowledge of the local anatomy and the clinical experience with
3-dimensional vision to properly apply this technique. Further, this
block is performed in a region with many vital anatomical structures
and the soft-tissue landmarks of this technique may not always be
clearly visible and palpable, specifically in obese individuals with
247

short necks. Consequently, multiple modifications have been made
to improve the success rate and decrease complications.8, 9 Kappis,10
in 1912 introduced the posterior approach to the brachial plexus. In
1990, Pippa et al11 reintroduced the posterior approach to the brachial plexus with clear bony landmarks. They adapted the posterior
paravertebral approach using multiple injections described by Kappis10 into a single injection block using the loss-of-resistance technique. In 1998, 2 groups independently published a further modification in which the loss-of-resistance technique was replaced by
nerve stimulation.12,13 However, worldwide, the posterior approach
is infrequently used and seldom referred to in the literature.

Indications
♦ Brachial plexus block of the upper extremity in pain clinic

settings is indicated for:14
• Differentiation between central pain syndromes and
peripheral pain
• Physical therapy and manipulation of painful shoulder
and elbow joints
• Phantom limb pain of upper extremity
• Palliation of acute pain syndromes of upper extremity
(herpes zoster, cancer pain, brachial plexus neuritis)
• Assessing the pain due to cervicogenic origin versus
thoracic outlet syndrome
• Evaluation of the outcomes of brachial plexus neurolysis
♦ Absolute contraindications to the brachial plexus blockade
include:
• Injection site infection
• Blood clotting abnormalities
• Allergies to any component of the injectate
• Altered mental status
• Lack of informed consent
♦ Relative contraindications to the brachial plexus blockade
include:
• Systemic infection or sepsis
• Respiratory compromise
• Potential for development of limb ischemia or compartment syndrome due to underlying medical pathologies.
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Anatomy
♦ The brachial plexus is defined as a network of nerves

supplying the upper extremity and formed by the union
of the ventral primary rami of cervical nerves 5 through
8 (C5-C8), including a greater part of the first thoracic
nerve (T1). Variable contributions may also come from the
fourth cervical (C4), and second thoracic (T2) nerves.15-17
♦ Fig. 1 illustrates the anatomy of the brachial plexus with
innervation showing roots, 3 trunks, 6 divisions (3 ventral,
3 dorsal), 3 cords, and terminal branches.

♦ Fig. 3 illustrates cutaneous innervation of the upper

extremity in an extended position, illustrating distribution
of various nerves.
♦ The key anatomic features of the brachial plexus are shown
in Fig. 1.
• The nerves that make up the plexus exit the lateral
aspect of the cervical spine and pass downward and laterally, in conjunction with the subclavian artery.
• The nerves and artery run between the anterior scalene
and middle scalene muscles, passing inferiorly behind
the middle of the clavicle and above the top of the first
rib to reach the axilla.18
• The scalene muscles are surrounded by the perivertebral
facia sheath.
♦ In the axilla the brachial plexus is divided into 4 major peripheral nerves: median, ulnar, radial, and musculocutaneous.
• The axillary artery can be thought of as indicating the
center of a 4 quadrant neurovascular bundle.
• The musculocutaneous nerve is found in the 9 to 12
quadrant within the coracobrachialis muscle; the median
nerve is in the 12 to 3 quadrant; the ulnar nerve is in
the 3 to 6 quadrant; and the radial nerve is in the 6 to 9
quadrant.16

Fig. 1. Anatomy of the brachial plexus with innervation showing roots, 3 trunks, 6 divisions (3 ventral, 3 dorsal), 3 cords, and terminal branches.

A. Upper extremity peripheral nerve innervation.

B. Upper extremity dermatome nerve innervation.

Fig. 2. Anatomy of the brachial plexus.

♦ Fig. 2 illustrates the anatomy of the brachial plexus with

innervation. Fig. 2 shows not only roots, trunks, divisions,
and cords, but also the terminal branches with the radial
nerve, median nerve, and ulnar nerve.

C. Upper extremity peripheral nerve innervation.

Fig. 3. Illustration of cutaneous innervation of the upper
extremity in an extended position.
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♦ In addition to the neural plexus, several vascular structures

have clinical importance as anatomic landmarks or structures to avoid.
• Tables 1 and 2 and Figs. 4 and 5 outline the key anatomic features of the brachial plexus.
• The vertebral artery travels cephalad and enters a bony
canal formed by the transverse processes at the C6 level.
As the cervical roots of the brachial plexus leave the
transverse processes, they course posterior to the vertebral artery (Fig. 5).
• The external jugular vein often overlies the interscalene
groove at the level of C6, but it is not a reliable anatomic
marker.
• The phrenic nerve passes in the neck on its way to the
diaphragm via the ventral surface of the anterior scalene
muscle, making it highly amenable to the blockade in
interscalene and supraclavicular techniques.16,18

Fig. 4. Illustration of the structures surrounding the brachial
plexus in supine position.

Table 1. Key anatomic features and relationships of the brachial plexus.

♦ Roots

• Derived from the ventral rami of C5 to T1
• 	Travel in the “gutters of the transverse processes” posterior to the vertebral artery
• Emerge between the anterior and middle scalene
• Descend towards the first rib
• Primary target of the interscalene block

♦ Trunks
•
•
•
•

Form over the first rib
The subclavian artery is anterior to the trunks
Primary target of the supraclavicular block
Are arranged in a “stacked” configuration and consist of:
• Superior fusion of the C5/6 roots
• Middle C7 root
• Inferior fusion of the C8/T1 roots

♦ Divisions

• Form under the clavicle
• Trunks give rise to 6 divisions:
• Three anterior divisions lead to the formation of nerves
supplying the anterior surface of the upper extremity
• Three posterior divisions result in the formation of
nerves supplying the posterior surface of the upper
extremity

♦ Cords

• Form at the medial border of the pectoralis minor
• Primary target of the infraclavicular block
• 	Described in terms of their relationship to the axillary
artery and consist of:
		 • Medial
		 • Lateral
		 • Posterior

Table 2. Terminal nerves of the cords.

♦ Lateral Cord

• Musculocutaneous Nerve
• Lateral Pectoral Nerve
• Median Nerve

♦ Medial Cord
•
•
•
•
•

Median Nerve
Medial Pectoral Nerve
Medial Brachial Nerve
Medial Intrabrachial Nerve
Ulnar Nerve

♦ Posterior Cord
•
•
•
•
•
•
•

Upper Subscapular Nerve
Lower Subscapular Nerve
Thoracodorsal Nerve
Axillary Nerve
Radial Nerve
Primary target of axillary block
Sheath extends to the axilla but does not consistently
cover the terminal nerves

250

Interventional Techniques in Chronic Non-Spinal Pain

• Clonidine in single doses of 50 micrograms prolongs

brachial plexus block with mepivacaine.24
• There is little support for the use of opioids on peripheral nerves due to a lack of site of action.
Interscalene Approach

♦ This is an excellent choice when anesthesia of the shoulder

Fig. 5. Illustration of structures surrounding the brachial
plexus in supine or sitting position.

Technique
♦ It is possible to approach the brachial plexus at every anatom-

♦
♦

♦

♦

ic division from the nerve roots to isolated peripheral nerves.
• Certainly, the anatomic point of injection and the volume of injectate administered are most influential in
determining local anesthetic distribution.19
• Using higher concentrations and larger volumes of
local anesthetics decreases the latency of the neural
blockade.20
• The volume of local anesthetic used now ranges from
20 to 50 mL per single shot injection.
There are few clinical comparisons of the block success
rate and duration as a function of the chosen anesthetic
approach or technique.21
Because of the large quantities of local anesthetic required
for brachial plexus block and the proximity to vessels,
monitoring of the patient’s vital signs (electrocardiogram,
blood pressure, and oxygen saturation) are mandatory.
• Resuscitation medications and equipment must be
immediately accessible.
The progressive use of ultrasound and fluoroscopy to
guide needle placement in addition to nerve stimulation
may help to reduce complications and improve outcomes
from brachial plexus blocks.
Additional key aspects regarding additives to local anesthetic solutions may be summarized as follows:
• Sodium bicarbonate added 1:10 solutions of mepivacaine or lidocaine decreases latency by 3 minutes.22
• Epinephrine in final dilutions of 1:400,000-1:200,000
prolongs brachial plexus block.23

is required.
• This approach provides a less reliable block of the radial nerve
(50% sparing), thus making it a poor choice when anesthesia
of the distal upper extremity is required (Fig. 6).25
• The patient is placed in the supine position and the
head is turned 45° from the midline, away from the site
being blocked.
• The posterior border of the sternocleidomastoid muscle
is outlined after the patient lifts his or her head.
♦ A groove between the anterior scalene muscle and the
posterior border of the sternocleidomastoid muscle can
usually be easily palpated.
• By allowing fingers to slide dorsally, the groove between
the anterior and middle scalene muscle can be palpated
and outlined by the surgical marker.
♦ The level of the C6 vertebral body can be identified by
palpation of the C6 vertebral body or more commonly by
drawing a lateral line from the caudal end of the cricoid
cartilage until it intersects with the interscalene groove
that runs at an oblique angle to the posterior border of the
sternocleidomastoid. This is the insertion site.

Fig. 6. Illustration of the interscalene approach
to brachial plexus block.
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• The skin over this area is prepped with a sterilizing

solution.
• A 22-gauge, 1.5-inch insulated needle attached to a
nerve stimulator set up to deliver 1.5 mA is inserted in
a caudad, posterior, and medial direction aiming at the
tip of the C7 or T1 spinous process.16
♦ If a paresthesia or adequate stimulation is not elicited the needle is then walked in small steps in a plane joining the transverse process of C6 to the caudal end of the cricoid cartilage.
• If diaphragmatic stimulation is elicited, the needle has
been positioned too anterior; if trapezius muscle is stimulated the needle has been positioned too far posterior.
• The depth of insertion should not exceed 0.5 – 1 inch,
even in the obese patient. After paresthesia or adequate
motor stimulation at the level of 0.5 mA or less is elicited, aspiration is used to confirm the absence of blood
or cerebrospinal fluid.26
♦ If the aspiration test is negative and there are no persistent paresthesias, 20 – 40 mL of local anesthetic is injected
while closely monitoring the patient for signs of intravascular or intrathecal injection.
♦ Complications of the interscalene approach are as
follows:
• Subarachnoid injection (may be delayed)27
• Epidural block7
• Pneumothorax
• Horner’s syndrome7
• Hoarseness/dysphonia7
• Phrenic nerve blockade
• Hemiplegia28
• Visual loss29
• Vagal symptoms
• Nausea/vomiting
• Difficulty breathing
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Supraclavicular Approach

♦ This is an excellent approach when anesthesia of the distal
upper extremity is needed or evaluation of the anticipated
brachial plexus neurolysis is needed.
• At this level the brachial plexus is most compactly presented (Fig. 7).21
• Careful neurologic examination should be performed
prior to the block to evaluate existing neurologic deficits.
♦ Because of the risk of pneumothorax, Brown and colleagues introduced the “plumb-bob” approach in order to
reduce this complication.16
• Whether the plumb-bob technique, assisted by nerve
stimulation, will reduce the incidence of pneumothorax
remains to be determined.
♦ The use of fluoroscopy to directly visualize the first rib, as
advocated by Vilims and Wright, 30 may be the method of
choice for blockade of the brachial plexus using the supraclavicular approach (Fig. 8).
• The added benefit of radiocontrast injection further
enhances needle localization and helps to avoid intravascular placement.

A. Fluoroscopic image without
contrast.

B. Needle placement and
injection of contrast.

C. Contrast washout injection.

Fig. 8. Fluoroscopic view of blockade of the brachial plexus
using the supraclavicular approach.
Fig. 7. Illustration of the supraclavicular approach to brachial plexus block.

Modified from Vilims BD and Wright RE.30 Suprascapular approach
to the brachial plexus block using fluoroscopic anatomic landmarks
and nerve stimulation. Pain Physician 2003; 6:191-194, with permission from American Society of Interventional Pain Physicians.
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• The patient is placed supine with the head turned away

from the site being blocked. The patient is asked to lift
the head so the lateral insertion site of the sternocleidomastoid into the clavicle can be marked.
• The overlying skin is prepped with the sterilizing solution.
• A 22-gauge, 1.5-inch insulated needle attached to a
nerve stimulator set up to deliver 1.5 mA is inserted
perpendicular to the table top.
• The needle is advanced slowly, expecting to encounter
the brachial plexus at the depth of 0.5 – 1 inch. A paresthesia is often elicited. Motor stimulation of the forearm or hand is provoked at a range of 0.4 – 0.7 mA.
♦ If the plexus is not encountered at this depth the needle is
withdrawn and re-directed more cephalad. If the first rib is
touched, the needle should be walked off laterally to avoid
the risk of pleural puncture at the lung cupola.
• After gentle aspiration confirms lack of blood or cerebrospinal fluid, 10 – 20 mL of local anesthetic is slowly
injected while monitoring the patient for signs of local
anesthetic toxicity or intravascular injection.
♦ Complications of the supraclavicular approach are as follows:
• Intrathoracic bleeding
• Pneumothorax
• Phrenic nerve blockade
• Subarachnoid and epidural injections
• Hoarseness
Infraclavicular Approach

♦ The infraclavicular approach is most helpful when anes-

thesia of the elbow, forearm, and hand is needed.
• The advantages of this approach are that the insertion
point is removed from the vascular structures, lung, and
neuraxis, and there is more consistent anesthesia for the

Fig. 9. Illustration of the infraclavicular approach to
brachial plexus block.

axillary and musculocutaneous nerves than when using
the axillary approach (Fig. 9).21
• The insertion of brachial plexus sheath catheters is well
described using the infraclavicular approach because of
the large skin surface area.31
♦ Palliation of neuropathic syndromes such as complex
regional pain syndromes I and II with continuous brachial
plexus infusions has been described using this technique.32
♦ The patient is positioned with the arm along the side or
with the arm abducted in the shoulder.
• The skin entry point is identified 2 cm medial and 2 cm
caudad to the coracoid process.
• A 22-gauge, 10 cm insulated needle attached to a nerve
stimulator set up to deliver 1.5 mA is inserted perpendicular to the skin directly posterior.
• If paresthesia or stimulation is not achieved the needle
is repositioned at 20 degrees cephalad and caudad from
the insertion point.16
• Plexus stimulation is found at a depth of 3 – 7 cm. Elicitation of hand movements is key for success. Stimulation
of the axillary, musculocutaneous, or suprascapular nerve
indicates the needle is too superior to the brachial plexus.
• After the satisfactory needle position is found and the
aspiration is negative for blood, 10 – 20 mL of local
anesthetic is slowly injected and closely monitored for
signs of intravascular toxicity.
♦ Complications of the infraclavicular approach are as
follows:
• Intravascular injection
• Subclavian artery puncture
• Pain during localization of the plexus.
Axillary Approach

♦ The axillary approach to the brachial plexus is the pre-

ferred technique for brachial plexus block when anesthesia
of the forearm and hand is required (Fig. 10).
• The patient is placed in a supine position with the arm
abducted at a 90° angle with the palm behind the occiput.
• Axillary artery pulsations are identified and the overlying skin is prepped with the sterilizing solution.
• The 22-gauge, 1.5-inch insulated needle attached to a
nerve stimulator set up to deliver 1.5 mA is inserted below
the pulsations and slowly advanced until stimulation or
paresthesia of the radial or ulnar nerve is obtained.
• If aspiration is negative for blood, 10 mL of local
anesthetic with or without steroid is administered
while closely monitoring the patient for signs of
intravascular injection. The procedure is repeated
while aiming the needle to the posterior 9 – 6 quadrant for radial nerve blockade, the 12 – 9 quadrant
for musculocutaneous nerve blockade, and the 12 – 3
quadrant for median nerve blockade, with the axillary
artery being the center of the clock face.
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• However, 15 years after its reintroduction, the poste-

rior approach is infrequently used.

♦ A randomized trial7, a few observational studies, case reports,
and even a modification have been published.12,13, 33-37

♦ Some studies have compared the efficacy of the lat-

eral approach and posterior approach to brachial plexus
techniques.7,11,21,38
♦ Rettig et al7 in a randomized, prospective study compared
the efficacy of the interscalene block of the brachial plexus by
the lateral (Winnie) versus the posterior paravertebral (Pippa) approach under comparable conditions for surgery of the
shoulder and upper arm using a single injection technique.
• They showed that the posterior approach provided
complete block in 36 patients (90%) and the lateral
approach in 33 patients (83%).
• Corresponding motor block was similar in both
approaches, but the block procedure time was less in
the posterior approach, 6.2 minutes versus 8.4 minutes for the lateral approach.
♦ The posterior approach is generally performed in the sitting position with the head leaning forward. The surface
landmarks, the spinous process of C7 and C6, as described
by Pippa, are identified (Fig. 11).

A.

B.

Fig. 10. Illustration of an axillary approach to brachial
plexus block.
A. Anatomic external
landmarks.

• The musculocutaneous nerve can also be blocked by

injecting 10 mL of local anesthetic into the coracobrachialis muscle. Final volumes of local anesthetic
using the axillary approach range from 20 to 50 mL.
♦ Motor responses of the terminal nerves are as follows:
• Musculocutaneous nerve-flexion of the arm
• Median nerve-flexion of the fingers and wrist
• Radial nerve-extension of the fingers and wrist
• Ulnar nerve-abduction of the thumb and fifth digit.
♦ Complications of the axillary approach are as follows:
• Intravascular injection
• Hematoma
• Nerve injury

B. Illustration of
needle direction.

Posterior Approach

♦ In 1990, Pippa et al11 described the posterior approach to

the brachial plexus with clear bony landmarks.
• This replaced the original description of the posterior
paravertebral approach by Kappis.10
• In 1998 Dagli et al12 and Jack and Stienstra13 published
independently a further modification in which the loss-ofresistance technique was replaced by nerve stimulation.

Fig. 11. Illustration of the posterior
approach to brachial plexus.
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• The needle is inserted in a horizontal direction in the

sagittal plane between the sixth and seventh cervical
vertebral, 3 cm off the midline (Fig. 11).
• Pippa et al11 described a loss-of-resistance technique.
• Rettig et al7 described that in half of the procedures, the
cranial part of the transverse process of C7 was reached.
The needle is then withdrawn, redirected, and inserted
in a slightly more cranial direction.
• Directly after passing the transverse process, 1 of the
routes is found.
• A 22-gauge, 8 or 10 cm insulated needle attached to a
nerve stimulator set up to deliver 1.0 mA is inserted.
• Needle position is considered adequate when motor
response in the distribution of the axillary nerve is
obtained with abduction of the shoulder or contractions
of the deltoid muscle.
• After the satisfactory needle position is found and the
aspiration is negative for blood or CSF, 10 – 20 mL of
local anesthetic is slowly injected, and closely monitored
for signs of toxicity.
• Needle depth may vary from 6.1 to 7.2 cm with a mean
of 6.4 cm.
♦ Complications of the posterior approach are as follows:
• Horner’s syndrome,7 93%
• Difficulty with breathing, 35%
• Dysphonia, 40%
• Vagal symptoms, 8%
• Venous or arterial blood aspiration during block
performance
• Paresthesia, 3%

Precautions
♦ Brachial plexus blocks can be an important part of a

comprehensive pain management plan, but certain upper
extremity pain syndromes are less amenable to the nerve
blockade than others.
• Diffuse musculoskeletal pain, centralized pain syndromes,
psychogenic pain, and peripheral or diabetic neuropathies
will generally not benefit from specific nerve blocks.
♦ The brachial plexus is in close proximity to the arteries

and veins, which increase the risk of hemorrhage or intravascular injection.
♦ The proximity of the lung with interscalene, supraclavicular and infraclavicular approaches increases the risk of
pneumothorax.
♦ Additional precautions are as follows:
• Assess the risk/benefit ratio before stopping anticoagulant therapy.
• Consider the physician in charge of anticoagulant
therapy and formulate a treatment plan.
• For patients on warfarin, the international normalized
ratio should be at acceptable levels.
• All other anticoagulants should be held for an appropriate length of time to allow for optimal hemostasis.
• Fluoroscopy with contrast injection can avoid intravascular injection and also pneumothorax.

Side Effects and Complications
♦ The brachial plexus block can safely be performed on most

occasions. However, it is also associated with extremely
high risk if appropriate precautions are not taken.
♦ Common side effects and complications are as follows:
• Injection into the epidural, subdural, or subarachnoid
spaces resulting in total spinal anesthetic, nerve damage,
or other neurological symptoms.
• Intravascular injection with seizure or other signs of
local anesthetic toxicity and death with intra-articular
injection.
• Infection.
• Hematoma formation with epidural hematoma, spinal
cord compression, paraplegia, quadriplegia, and local
anesthetic toxicity with the intravenous or intra-arterial
injection leading to seizures, death, etc.
• Hematoma formation with tracheal compression, recurrent laryngeal nerve block, hypoglossal nerve block, cervical sympathetic blockade with Horner’s syndrome,
cerebral embolus, spinal cord compression, and epidural
hematoma.
• Pneumothorax with associated consequences.
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Key Points
1. Brachial plexus blockade can be a valuable diagnostic tool for the differential diagnosis of upper extremity pain.
2. Brachial plexus blockade can be used as a prognostic step to evaluate the impairments of the brachial plexus
neurolysis.
3. Brachial plexus blockade can be used as an acute pain palliation procedure in herpes zoster, upper extremity trauma,
chronic regional pain syndrome, and painful brachial plexopathies.
4. Detailed techniques for 5 approaches to the brachial plexus are described: interscalene, supraclavicular, infraclavicular, axillary, and posterior.
5. Choice of approach is dictated by the pathophysiology and the location of the painful syndrome.
6. Complications unique to each approach are outlined and should be considered when a certain approach is
chosen.
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The history of suprascapular nerve block in managing
shoulder pain dates back to the description of Wertheim and
Rovenstine in 1941.1 Pitkin2 noted that suprascapular nerve
block was used as a primary treatment for conditions that limited the range of motion of the shoulder, including adhesive
capsulitis and calcific tendonitis and bursitis. Over the years,
suprascapular nerve block and neurolysis have played important roles in managing acute, postoperative, and chronic shoulder pain.
Shoulder pain from inflammatory arthritis and/or degenerative disease is a common cause of morbility in chronic pain
population, specifically in the elderly. Multiple causes of disability include adhesive capsulitis, glenohumeral osteoarthritis,
acromioclavicular osteoarthritis, rotator cuff injury, rheumatoid
arthritis, malignancy, bursitis, tendonitis, arthritis, and various
other causes.

• It is also used to treat acute bursitis, tendonitis, and

acute periarthritis of the shoulder in those who have
failed intra-articular, periarticular, and local trigger
point injections.
♦ Suprascapular nerve block is an effective adjunctive therapy
for patients with adhesive capsulitis and complex regional
pain syndrome1,2,27,28

Indications
♦ The suprascapular nerve block is commonly used to palli-

ate both acute and chronic shoulder pain.
• The goal is to decrease pain intensity and promote
enhanced function.
• The indications are summarized in Table 1.
♦ Chronic shoulder pain:3-21
• Adhesive capsulitis (frozen shoulder)
• Rotator cuff syndrome
• Glenohumeral osteoarthritis
• Post-traumatic pain
• Postoperative shoulder pain
• Other conditions
♦ Suprascapular nerve block may be used to treat acute pain
emergencies, including post-traumatic and postoperative
pain to the shoulder girdle and joint.22-27
257

Table 1. Common indications for suprascapular nerve block.

♦ Acute Shoulder Pain
•
•
•
•

Post-traumatic
Postoperative
Facilitation of physical rehabilitation from:
Bursitis, tendonitis, or arthritis

♦ Chronic Shoulder Pain

• Duration of pain greater than 6 months
• Average pain intensity greater than 5 on a scale of 0

to 10

• The pain is not responsive to conservative treat-

ment and hinders physical rehabilitation

• Corrective shoulder surgery is not an option
• Persistent pain despite shoulder surgery, or from

the following causes:
• Adhesive capsulitis
• Glenohumeral osteoarthritis
• Acromioclavicular osteoarthritis
• Rotator cuff injury
• Rheumatoid arthritis
• Malignancy
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Clinical Applications
♦ The effectiveness of suprascapular nerve block was evalu-

♦

♦

♦

♦

♦

ated for various conditions, including nonspecific shoulder
pain, adhesive capsulitis, frozen shoulder syndrome, cancer
pain, pain of scapular fracture, postoperative analgesia, and
intraoperative analgesia.
There have not been any systematic reviews evaluating the
clinical application of suprascapular nerve block in managing acute or chronic pain or for intraoperative purposes.
• However, the evaluation of clinical application of suprascapular nerve block in managing chronic shoulder pain
has been reported in randomized controlled trials,3-5,8,9,12-14,19
observational reports,10,16 and case reports.6,15,21,25
• Effectiveness of pulsed mode radiofrequency lesioning also
has been evaluated in randomized controlled trials.17,18
Effectiveness of suprascapular nerve block was evaluated
in 10 randomized controlled trials.3-5,8,9,12-14,19
• Jones and Chattopadhyay,3 in a randomized trial of 30
patients, compared single suprascapular nerve block
with intra-articular injections.
• Results showed that suprascapular nerve block produced a faster and more complete resolution of pain
and restoration of range of movement than a series of
intra-articular injections.
Shanahan et al4 evaluated suprascapular nerve block using
bupivacaine and methylprednisolone acetate in chronic
shoulder pain.
• Eighty-three people with chronic shoulder pain from
degenerative disease or rheumatoid arthritis were evaluated with randomization of 180 shoulders. The patients
were followedup for 12 weeks.
• Clinically and statistically significant improvements in
all pain scores, all disability scores, and some range of
movement scores in the shoulders receiving suprascapular nerve block compared with those receiving placebo
were seen at weeks 1, 4, and 12.
Di Lorenzo et al5 evaluated the role of suprascapular
nerve block in pain relief in early rehabilitation of rotator cuff tendonitis in a randomized controlled trial with
40 patients, randomly assigned to standard rehabilitation
treatment plus suprascapular nerve block or standard rehabilitation treatment alone.
• Those receiving nerve block from the beginning of the
treatment in addition to standard rehabilitation therapy
reported significantly less pain during physiotherapy and
better final outcomes.
• During treatment with suprascapular nerve blocks,
patients reported a more significant reduction in the
intensity of pain and a better reduction of pain during
sleep and rehabilitation exercises in comparison with the
standard therapy alone.
Karatas and Meray,8 comparing the effectiveness of 2

♦

♦

♦
♦
♦

suprascapular nerve block techniques in adhesive capsulitis in a single blinded, randomized, comparative clinical
trial, reported significantly better results with near-nerve
electromyography technique with targeted delivery of
medication.
Dahan et al,9 in a double-blind randomized clinical trial
examining the efficacy of bupivacaine suprascapular nerve
blocks in frozen shoulders, evaluated 38 patients with
patients and controls undergoing a series of 3 indirect
suprascapular nerve blocks at 7-day intervals using either
10 mL bupivacaine 0.5% in the treatment group or 10 mL
of physiological saline in controls. Both groups of patients
underwent rehabilitation.
• Drop-out rate was 11% in the treatment group, and
30% in the placebo group.
• A 64% reduction in pain in the treatment group versus
13% in the placebo group was observed at one-month
as measured by the McGill-Melzack Pain Questionnaire (MPQ) multidimensional pain descriptor’s score.
• A nonsignificant 15.8% improvement in shoulder function in the treatment group versus 4% in the placebo
group was also noted.
• However, no improvement in shoulder range of motion
movement was noted.
• The authors concluded that the use of bupivacaine
suprascapular nerve blocks was effective in reducing the
pain of frozen shoulder at 1 month.
Lin et al12 compared the pain relief between electroacupuncture, regional nerve block, and electroacupuncture
plus regional nerve block in frozen shoulder.
• The evaluated 150 patients with frozen shoulder were
randomly divided into 3 groups with Group I treated
with stellate ganglion block, and suprascapular nerve
block by 1% Xylocaine 10 mL, Group II treated with
electroacupuncture, and Group III treated with electroacupuncture followed by regional nerve block.
• The results showed that combined electroacupuncture
and suprascapular nerve block had significant high pain
control quality, longer duration, and better range of
movement of the shoulder joint than that of electroacupuncture or regional nerve block performed alone.
Gado and Emery,13 in a double-blind trial, showed that
suprascapular nerve block was highly effective, with results
lasting up to 3 months.
Vecchio et al14 evaluated suprascapular nerve block for persistent rotator cuff lesions, showing significant improvement with no side effects.
Taskaynatan et al19 compared the effects of suprascapular nerve block with those of steroid injections in patients
with nonspecific shoulder pain.
• In this randomized evaluation of 60 patients, with 30
patients in each group, both techniques were shown to
be effective.
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• However, the authors suggested that suprascapular

♦

♦
♦

♦

♦

♦

nerve block was the preferred treatment for nonspecific
shoulder pain because it is as effective as steroid injection, with rare side effects.
Observational studies reported positive results:
• Lewis10 showed a 69% decrease of pain intensity in
chronic arthritis of the shoulder joint with suprascapular nerve block, combined with circumflex (articular
branches) nerve blocks.
• Schneider-Kolsky et al16 reported the results of CTguided suprascapular nerve blocks with bupivacaine
and Celestone with sustained pain relief and reduced
disability in 29% of patients at 3 weeks and longer.
Multiple case reports showed positive results.6,15,21,25
Suprascapular nerve block has been described in multiple
evaluations in alleviating preoperative, intraoperative, and
postoperative pain.20,22-24,26,29
• Suprascapular nerve block also has been described in
managing cancer pain.25
The suprascapular nerve block can also be used as a prognostic indicator of the degree of pain relief and motor
impairment a patient may expect if neurolysis of the suprascapular nerve is planned.27,28
Effectiveness of radiofrequency lesioning of the suprascapular nerve in chronic shoulder pain has been
evaluated.17,22
• Shah and Racz17 showed effectiveness of pulsed mode
radiofrequency lesioning of the suprascapular nerve for
the treatment of chronic shoulder pain.
• They reported that each treatment provided4,5 months
of pain relief and improvement in shoulder function,
without deterioration in muscle strength.
• Gurbet et al18 demonstrated the effectiveness of radiofreqency lesioning of the suprascapular nerve by pulsed mode.
The role of suprascapular nerve block in sports medicine
and orthopedic shoulder manipulation has been reported.
• With suprascapular nerve block, it is estimated that
afferent nociceptive input from 70% of the shoulder
joint will be blocked.2
• Pain relief typically lasts hours to days, but can be prolonged if steroids are used.
• Longer-lasting procedures such as neurolysis and neurectomy are contraindicated: suprascapular neurolysis
can lead to a permanent paralysis of the supraspinatus
and infraspinatus muscles.
• However, pulsed mode radiofrequency lesioning ais a
nondestructive procedures but can relieve pain for several months.
• The mechanism of pulsed mode radiofrequency is
not known.
• Neuromodulatory effect via changing a gene expression in pain processing neurons has been suggested.17
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Anatomy
♦ The brachial plexus is a network of nerves supplying the

♦
♦

♦

♦

upper extremity and formed by the union of the ventral
primary rami of cervical nerves C5-C8, including a greater
part of the first thoracic nerve (T1). Variable contributions
may also come from the fourth cervical, and second thoracic nerves (Fig. 1).
Key anatomic features of brachial plexus with roots, trunks,
divisions, cords, and nerves are illustrated in Fig. 1.
Located in the posterior triangle of the neck, the suprascapular nerve is formed from fibers originating from the
anterior rami of the fifth and sixth cervical nerve roots of
the brachial plexus, and in some patients, the fourth cervical nerve root as well (Fig. 1).
• The nerve passes posteriorly from the brachial plexus to
disappear beneath the border of the trapezius and inferiorly to pass underneath the coracoclavicular ligament
through the suprascapular notch.29-31
• In those for whom the transverse scapular ligament
is not well developed, the suprascapular foramen is
referred to as the suprascapular notch (fossa).
The suprascapular nerve traverses the suprascapular foramen beneath the transverse scapular ligament to innervate
the supraspinatus muscle before descending lateral to the
scapular spine along with its corresponding vessels to supply the infraspinatus muscle (Fig. 2).
The suprascapular nerve is accompanied through the
notch by the suprascapular artery and vein.
• The suprascapular nerve provides innervation to 70% of
the shoulder girdle, with motor supply to supraspinatus
and infraspinatus, and sensory innervation to posterior
joint capsule, acromioclavicular joint, subacromial bursa
and coracoclavicular ligament.8,32

Fig. 1. Brachial plexus anatomy.

From www.nysora.com; used with permission.
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♦ The following steps are then taken:

• Aseptic preparation.
• Identify the fusion of the thicker acromion with the

thinner spine of the scapula.

• After anesthetizing the skin at this junction, insert a

•
•
•

Fig. 2. Illustration of the anatomy of the suprascapular
nerve. The suprascapular nerve, artery, and vein traverse
the suprascapular foramen beneath the transverse scapular ligament to innervate the supraspinatus muscle before
descending lateral to the scapular spine along with its corresponding vessels to supply the infraspinatus muscle.

Technique
♦ Suprascapular nerve block may be performed with a blind

technique with fluoroscopy and utilizing CT scanning.
• The present data does not differentiate the effectiveness of this
block whether it is performed with or without fluoroscopy.
• In a randomized study by radiologists they claimed that
the CT guided control and landmark approaches to
performing suprascapular nerve blocks result in similar
significant and prolonged pain and disability reductions.
They noted no significant difference between patients
undergoing suprascapular nerve blocks without CT
or fluoroscopy and patients undergoing suprascapular
nerve blocks under CT scanning.

Suprascapular Nerve Block Without Fluoroscopy

♦ This block has been traditionally performed without the

aid of fluoroscopy, especially for the management of acute
pain.
♦ The patient is placed in the sitting position with arms
hanging loosely at his or her sides.
• To minimize the risk of a pneumothorax, the patient may
be instructed to adduct and internally rotate the shoulder
to place the ipsilateral hand on the opposite shoulder.
• Holding this position causes rotation of the superior
scapula posteriorly and away from the chest wall, thereby increasing the distance from the scapular notch to
the chest wall.29

•

3.5-inch, 25-gauge spinal needle above the spine of the
scapula directed down to the bone of the supraspinatus
fossa (1.5 inches deep).
Walk the needle medially and superiorly until it moves
off the fossa and into the notch.
If no notch is encountered, withdraw the needle and
advance laterally and superiorly.
A paresthesia into the shoulder is often felt, and after
aspiration, 10 mL of local anesthetic is administered
incrementally. Electrical nerve stimulation and monitoring contraction of the supraspinatus and infraspinatus muscles allow refinement of the needle position
when the current pulse is 0.5 milliampere.
For more prolonged pain relief, 80 mg of depo-steroid
can be added to the local anesthetic; for subsequent
blocks, 40 mg of depo-steroid may be used.

Fluoroscopically-Guided Nerve Block Procedures

♦ The patient can be in the prone or sitting position.

• Visualization of the suprascapular notch is easier with

the patient in a prone position.
• The sitting position is illustrated in Figs. 3 and 4.
• A 15° to 25° angulation is necessary to separate the suprascapular notch from the coracoid process.
• A small cephalocaudad angulation is also needed to visualize over the spine of the scapula.
• For the prone position, the suprascapular notch is visualized by rotating the C-arm 16° away from the affected
site, and adding a cephalocaudal angulation of approximately 18°.17
Chemical Neurolysis

♦ Chemical neurolysis is undertaken using fluoroscopy and

complete risk/benefit analysis of pain relief and motor
impairment.
♦ Nerve stimulation can offer objective evidence that the
needle is in close proximity to the suprascapular nerve.
♦ The needle is placed into position as described above.
• Three to 4 mL of iohexol (Omnipaque) dye is injected
under live fluoroscopy to visualize the filling of the
suprascapular notch and part of the supraspinatus
fossa.31
• After this confirmatory step, 3 to 5 mL of local anesthetic is injected while monitoring side effects.
• If no side effects are apparent, 3 to 5 mL of 6% phenol
is injected.
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Fig. 3. Left: Illustration of sitting position under fluoroscopy. Note the proper positioning of the C-arm 16° away from the
affected site, and adding a cephalocaudal angulation of approximately 18°; Right: The patient is in sitting position and the
suprascapular notch has been identified. Once proper positioning has been confirmed using dye, injection is performed using
either local anesthetic alone or a mixture of local anesthetic and depo-steroids.

A. Path of suprascapular
nerve in relation to scapula
and humerus.

B. Positioning of patient and Carm for suprascapular nerve block.

C. Identification of suprascapular nerve.

Fig. 4. Illustration of positioning and imaging for suprascapular nerve block in prone position.

Reproduced from Shah and Racz.17 Pulsed mode radiofrequency lesioning of the suprascapular nerve for the treatment of chronic shoulder
pain. Pain Physician 2003; 6:503-506, with permission from the authors and the American Society of Interventional Pain Physicians.
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Cryoneurolysis

Radiofrequency

♦ Cryoneurolysis may be used when treating severe nonma-

♦ For pulsed and continuous radiofrequency ablation of the

lignant shoulder pain.
♦ After optimal view of the suprascapular notch is obtained
using fluoroscopy, a 12-gauge intravenous catheter is
advanced into the notch.
• A 2 mm cryoprobe is passed through the catheter to
expose the active tip in the notch.
• Prior to lesioning, sensory stimulation at 100 Hz should produce reliable shoulder paresthesias at voltages of 0.5 or less.
• Motor stimulation at 2 Hz can also be used to confirm placement of the probe (Fig. 5).
• Once appropriate stimulation is obtained, 3 courses of
3-minute freeze cycles are done using a cryosurgical
console system.32
• There is a 30-second defrost between each 3-minute
cycle.

suprascapular nerve, the needle position is identical to that
used in suprascapular nerve block under fluoroscopy.
• The use of continuous radiofrequency requires the same
precautions as neurolysis.
♦ Pulsed radiofrequency is the preferred modality for lesioning of the suprascapular nerve (Fig. 6).
♦ The electrode is placed in proximity to the SSN in the
suprascapular notch.
• The proximity of a 22-gauge SMK C5 (51 mm length,
4 mm active tip) to the nerve is determined by sensory
stimulation at 50 Hz, 0.2 millisecond pulse width.
• Reproducible paresthesias are reported in the shoulder
at a voltage range of 0.2 to 0.5.
• Motor stimulation at 2 Hz, 0.2 millisecond pulse width produces contractions of the supraspinatus and infraspinatus

A. Illustration of anatomic landmarks.

B. Illustration of needle placement.

Fig. 5. Illustration of cryoneurolysis.

Fig. 6. Pulsed radiofrequency of suprascapular nerve.
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muscles at ranges of 0.1 to 0.85 volts.

♦ Pulsed radiofrequency is performed at 42°C for 120 seconds, for up to 3 cycles. Continuous radiofrequency thermocoagulation is done at 80°C for 60 seconds using a
RFG-3B generator.

Precautions
♦ The suprascapular nerve is in close proximity to the supra-

scapular artery, which increases the risk of hemorrhage or
intravascular injection.22 The following precautions must
be taken:
• Assess the risk/benefit ratio before stopping anticoagulant therapy.
• Consult the physician in charge of anticoagulant
therapy and formulate a suitable treatment plan.
• Meticulous aspiration before injection of local anesthetic is also key to a safe procedure.
• Should the needle traverse the suprascapular notch and
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be advanced too deep, it is conceivable that a pneumothorax (the most serious side effect, though rare) may occur.
• Fluoroscopy, electrical nerve stimulation, and a contrast agent help to reduce many of the complications.

Side Effects and Complications
♦ Depo-steroids injected directly into muscle may lead to

muscle atrophy.
• Fortunately, muscle atrophy is reversible with time and
a proper exercise regimen.
♦ Proximity of the suprascapular artery and vein to the
suprascapular nerve must always be kept in mind when
injecting anesthetic solutions.
• Inadvertent intravascular injection or local anesthetic
toxicity from intravascular absorption may occur and
could lead to associated cardiovascular and neurologic
complications, including hypotension and seizure activity, respectively.29,31

Key Points
1. The suprascapular nerve block is a safe, effective, and simple regional anesthesia technique.
2. The suprascapular nerve block has multiple indications for acute and chronically painful shoulder girdles.
3. It can be used as an adjunct to rehabilitation following shoulder reconstruction and for chronic conditions such as
the shoulder-hand variant of complex regional pain syndrome.
4. It can be used as an alternative treatment for patients deemed nonsurgical candidates.
5. Radiofrequency lesioning of the suprascapular nerve using pulsed mode and continuous mode ablation can be
employed for more long-term pain control, improvement of range of motion, and upgraded function.
6. Appropriate precautions must be observed to avoid potential side effects and complications.
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Occipital Nerve Blocks
Andrea M. Trescot, MD

Headache is a very common pain problem, with a lifetime
occurrence approaching 100%. Occipital neuralgia has been
identified as a cause of headaches since it was first described
in 1821 by Beruto et al1 and Perelson.2 In the beginning of the
1900s, Luff3 as well as Osler and McRae4 emphasized occipital
neuralgia as a cause of occipital pain and headaches. Bonica, in
his seminal textbook on pain management, included the technique of occipital nerve blocks.5
Anatomic recognition of multiple occipital nerves (the greater occipital, the lesser occipital, and the third occipital nerve), each
with different patterns of pain, neurologic origin, and treatment
modalities, has been facilitated by the use of precision diagnostic
injections and the search for more aggressive treatment of intractable headaches and upper cervical neck pain (Fig. 1).
Greater occipital nerve, lesser occipital nerve, and third
occipital nerve blocks, as well as radiofrequency, cryoneurolysis,
and occipital nerve stimulation have been reported to be useful
in the diagnosis and treatment of cervicogenic headaches.6-18

nature of the procedure, the needle placement, or sedation

• Allergies or adverse reactions to contrast, local anes-

thetic, steroids, or other drugs

• Systemic infection or local infection at needle entry site
• Anticoagulant therapy or nonaspirin combination anti-

platelet therapy and bleeding diathesis

• Arnold Chiari malformation
• Psychogenic pain or uncontrolled medical illness, major

depression, or psychiatric disorders

• Pregnancy and lactation (relative)

Indications
♦ Occipital nerve blocks are indicated for pain felt to be due

to (or as part of the differential diagnosis of ):
• Occipital nerve entrapment
• Cervicogenic headaches
• Trapezius myofascial pain
• Tension-type headaches
• Cluster headaches
• Migraines with occipital allodynia.
♦ Common contraindications for occipital nerve blocks
include the following:
• Needle phobia
• Inability of the patient to understand the consent, the
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Fig. 1. Illustration of cutaneous nerves of head and neck.

Netter medical illustration used with permission of Elsevier. All
rights reserved.
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Clinical Applications

• However, other possible sources for cervicogenic head-

Diagnostic Occipital Nerve Blocks

♦ Cervicogenic headache has been defined as a primarily

unilateral headache that is occasionally bilateral and originates in the neck.
• Diagnostic criteria for cervicogenic headache have been
well reviewed.7,19,20
• Essential features of cervicogenic headache have
been reported to be a combination of unilateral pain,
reduced range of motion of the neck, the presence
of mechanical precipitating mechanisms, and discontinuation of pain on anesthetic blockade.19
♦ Bogduk21 suggested that the singular defining criterion for
cervicogenic headache is a pain perceived in the head, but
with its source in the cervical spine.
♦ The diagnosis of cervicogenic headaches relies on identification of the source of pain originating from various structures
innervated predominately by the upper 3 cervical nerves
through the use of controlled diagnostic neural blockade.
• Bogduk21 has reported that nerve blocks are not specific,
in that they do not identify the actual source of pain, but
only show that pain is caused or mediated by the nerve
that is anesthetized.
• Controlled blocks can minimize the placebo effect, but
the use of diagnostic and prognostic blocks are still
hampered by false-positive results, patient expectations,
the use of concurrent therapy with numerous drugs,
the subjective nature of pain, and the complexity of the
patient with chronic headache who has associated psychosocial, financial, and legal factors confounding the
reported effectiveness of the injection in the head and
neck region.17
• Due to the confusion and controversy regarding the
exact location and correct term for headaches that affect
the occipital or suboccipital regions of the head with
or without radiation to the frontal, temporal or ocular areas, occipital pain may be considered the result of
referred pain from the posterior cervical muscles, the
cervical ligaments, the C1 or C2 spinal nerve root, the
C2/3 zygapophysial joint, or the third occipital nerve.12
• As a further confounding factor, the relationship of
the trigeminal cell bodies compared to the cell bodies
of C1 and C2 means that trigeminal or face pain may
also refer to the occipital region.
Rationale

♦ Anatomically, any structure innervated by the C1-C3 spinal nerves could be the source of cervicogenic headache.
• The greater, lesser, and third occipital nerves have been
postulated to be responsible for cervicogenic headache.

♦
♦
♦
♦

ache could be the dorsal nerve roots from C1 through
C7, the intervertebral discs, the interspinous ligament,
the zygapophysial joints, and the greater auricular
nerve.
The dorsal ramus of C2 terminate as the greater occipital
nerve, which provides cutaneous innervation to the major
portion of the posterior scalp.
Greater occipital nerve also receives fibers from the third
cervical nerve, but to a lesser extent.
The lesser occipital nerves arise from the ventral primary
rami of the second and third cervical nerves.
The third occipital nerve is the superficial medial branch
of the C3 dorsal ramus which crosses the lateral and posterior aspect of the C2/3 zygapophysial joint.23
Validity of Diagnostic Blocks

♦ Third occipital nerve block has been studied for diagnostic

and therapeutic purposes in controlled evaluations.
• The third occipital nerve furnishes articular branches to
the underlying zygapophysial joint C2/3.11 Thus, blocks
of the third occipital nerve are used as a test for pain
stemming from the C2/3 zygapophysial joint.
• To block the third occipital nerve appropriately,11,23 the
injections are performed under fluoroscopic control and
the needle has to be placed in each of 3 locations to
accommodate possible variations in the course of the
nerve.
• The third occipital nerve most often crosses the C2/3
joint opposite the center of C3 superior articular process, but it may run lower or higher than this plane,11
thus requiring the blocks to be placed opposite the
middle of the joint and above and below the joint.
• Initial studies used uncontrolled blocks; however, they
reported complete pain relief after blocking the third
occipital nerves.7,8
• A study using controlled blocks collaborated the findings of the uncontrolled blocks,23 and also provided
estimates of the prevalence of headache stemming from
the C2/3 zygapophysial joint (27-53%).
• However, there are no clinical features by which pain
from C2/3 zygapophysial joint can be diagnosed.
• Third occipital nerve blocks have diagnostic use in that
they can pinpoint the source of pain in patients with
headache for whom no other source or cause has been
found.
• Among all 3 of the occipital nerve blocks, third occipital
nerve blocks are the only validated diagnostic block for
headache.
♦ The greater occipital nerve block has been studied and
published in many uncontrolled studies, and it is the most
common modality of treatment for cervicogenic headache
among physicians specializing in headache management.
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• The greater occipital nerve supplies the back of the scalp,

providing rationale for anesthetic blockade of this nerve.
• Relief of pain after greater occipital nerve blocks gives
rise to the concept of occipital neuralgia.11,22,24-28
• Greater occipital nerve blocks also have been used to
diagnose cervicogenic headache.28
• However, injection of local anesthetic into the suboccipital region in volumes greater than those required to
anesthetize the greater occipital nerve is not a greater
occipital nerve block, but is best described as an occipital block or suboccipital injection, etc., as it would not
be selective for the greater occipital nerve.11
• Greater occipital nerve blocks have never been performed under controlled conditions, and the relief
of pain by greater occipital nerve blocks remains an
interesting, but enigmatic phenomenon.11
• Using uncontrolled blocks, some studies have reported
partial relief of headache following blocks of the greater
occipital nerve or the C2/3 zygapophysial joint pain.28
• Lack of controls and the incomplete responses preclude
the conclusion of evidence of cervicogenic headache.11
• Bovim and Sand10 reported, after greater occipital nerve
blocks, a 54% decrease in pain for patients with cervicogenic headaches, and a 14% decrease in tension-type
headaches, but only a 6% decrease in patients felt to
have migraines.
• Terzi et al29 evaluated occipital nerve blocks as a diagnostic
tool in the evaluation of headaches in 60 patients, with 20
patients in each group diagnosed with migraine without
aura, tension-type headaches, or cervicogenic headaches.
• The groups were split into placebo (saline injections)
or active treatment (1 mL of 2% prilocaine) injections of the greater occipital nerve
• GON injections reduced pain in the orbitofrontal and
orbitonuchal areas in patients with cervicogenic headaches but not tension type or migraine headaches.
♦ The results of diagnostic blocks of the lesser occipital
nerves have not been described.

♦

♦

♦

♦

Therapeutic Occipital Interventions

♦ Therapeutic occipital interventions vary greatly, and

include infiltration of the affected nerves with local anesthetic and steroids;27,30-32 occipital neurectomy;33 occipital
neurolysis;34-36 radiofrequency denervation of the greater,
lesser, and third occipital nerves;11,17,37 microsurgical C2
ganglionectomy;38 partial posterior rhizotomy of C1 to C3
nerves;39 and peripheral nerve stimulation.40-42
Therapeutic Nerve Blocks

♦ Caputi and Firetto32 looked at the therapeutic value of

greater occipital nerve and supraorbital nerve blocks in the
treatment of patients with migraines, unresponsive to sev-

♦

♦
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eral combinations of pharmacologic management.
• They performed perineural injections of 0.5 to 1.0 mL
of 0.5% bupivacaine of the nerves (if they were tender)
in 27 patients with up to 10 blocks on alternate days.
• Eighty-five percent (23/27 patients) maintained a favorable response for the 6-month observational period.
Hecht43 described 10 patients with postconcussive headaches treated with occipital nerve blocks.
• Eighty percent had a “good” response, while 20% had a
“poor” response.
Forty-one patients with cervicogenic headaches diagnosed
using Sjaastad’s criteria44 underwent occipital nerve blocks
by Vincent et al45 and were followed for a week before and
a week after the injections.
• Each patient was injected with 1 to 2 mL 0.5% bupivacaine, and the blocks were considered acceptable if there
was anesthesia by pinprick.
• All noted immediate relief, and (especially in the
patients with marked pain) up to a week of relief.
• They felt the sustained relief (as well as the greater
improvement in patients with greater pain) was due to a
decrease in “wind-up.”
Naja et al6 performed a double-blind placebo controlled
study of greater occipital, lesser occipital, and facial nerve
blocks for chronic cervicogenic headaches.
• Fifty patients received nerve stimulator localized nerve
blocks using 3 mL of either saline or a mixture of local
anesthetic, clonidine, and fentanyl.
• Two weeks after the injection, the local anesthetic injection patients noted a 50% reduction in headache frequency, as well as headache-related symptoms such as
nausea, photophobia, and activity limitations.
In a follow-up study, Naja and colleagues15 prospectively
treated 47 cervicogenic headache patients with repetitive,
stimulator-guided occipital nerve blocks.
• All of the patients had unilateral headaches, with precipitation of the headache by neck movement or pressure on the occipital nerve, and sensory changes along
the path of the occipital nerve.
• Each patient underwent greater and lesser occipital
nerve blocks with local anesthetic and clonidine, using a
peripheral nerve stimulator to identify the nerve.
• If the patient described pain extending to the orbital
area (29 patients), the patient also underwent a facial
nerve block at the angle of the mandible.
• Forty-one patients (87%) required more than 1 injection, but 45 patients (95.7%) were able to stop their
medicines entirely for a 6-month, pain-free period.
Ashkenazi and Young46 evaluated 19 patients with migraines
and brush allodynia. Twenty minutes after occipital nerve
blocks, 89% of the patients noted relief of the headache, and
all 19 noted a significant decrease in allodynia.
Kapoor et al47 described a diagnostic CT guided percutaneous C2-C3 nerve block for the confirmation of occipital

268

♦

♦

♦

♦

Interventional Techniques in Chronic Non-Spinal Pain

neuralgia prior to an intradural cervical dorsal rhizotomy.
• They described 17 patients with presumed occipital
neuralgia who underwent 32 CT fluoroscopy-guided
C2 or C2 and C3 nerve root blocks. Nine had prior
cervical or occipital skull surgery.
• All patients had temporary relief of their symptoms
from the injections, and all underwent surgical dorsal
rhizotomies.
• At follow-up a mean of 20 months later, 11 patients
(64.7%) still had complete relief; this represented 8 of
the 9 patients (87.5%) who had not undergone prior
surgery.
Leinisch-Dahlke et al48 noted that greater occipital nerve
blocks were not effective in the treatment of tension-type
headaches, reporting that only 1 of 15 patients received
any relief from these injections.
Afridi et al16 reported prolonged relief of headaches from
a single greater occipital nerve blocks.
• They evaluated 57 injections in 54 migraine patients
yielding a complete or partial response of a median of
30 days in 26 patients.
• For cluster headaches, 13 of 22 injections yielded a
complete or partial response lasting for a median of 21
days for the partial response. They predicted tenderness
over the greater occipital nerve as strongly predictive of
outcome, even though local anesthesia after the injection was not.
Ashkenazi and Levin,18 in a review, concluded that greater
occipital nerve block is a safe and easy-to-perform procedure. They concluded that, despite favorable clinical
experience, there is currently little convincing evidence for
the efficacy of greater occipital nerve block in the acute or
preventative treatment of headache.
There are no studies showing evidence of effectiveness of
local anesthetic injections with or without corticosteroids
of lesser and third occipital nerves.
Neurolytic Interventions

♦ Blume et al37 reported effectiveness of radiofrequency
lesioning of greater occipital nerves.

♦ Radiofrequency neurotomy14 has been reported for third

occipital nerve.
• If meticulous operative techniques are used,approximately 88% of patients obtain relief of their headache.11,14
• The median duration of relief was at least 297 days with
pain recurring as the nerve recovers.
• Approximately 86% of patients can have complete relief
reinstated by repeat neurotomy.
• Third occipital neurotomy is the only validated technique as the third occipital nerve blocks are the only
blocks validated by controlled diagnostic techniques.

Pathophysiology
♦ The pathophysiology of cervicogenic headache is unknown.

• It is generally accepted that the source of pain originates

from the various structures innervated by the upper 3
cervical nerves.
• Therefore, the diagnosis of cervicogenic headache relies
on the identification of these structures through the use
of controlled diagnostic neural blockade.17
• Bogduk21 reported that nerve blocks are not specific; they
do not identify the actual source of pain, but only show that
the pain is mediated by the nerve that is anesthetized.
♦ Anatomic basis of cervicogenic headache lies in the relationship between afferents of the upper 3 cervical nerves
(C1-C3) and the afferents of the trigeminal nerve.21,49-51
• Fig. 2 illustrates the cervicotrigeminal interneuronal relay.17
• A potential overlap of central neuronal connections
occurs between the spinal nucleus of the trigeminal
nerve and the upper cervical cord neurons.
• The trigeminal nucleus develops from the pyramidal
decussations and descends to the level of C2, and perhaps as caudad as C4, as the nucleus caudalis, which
primarily subserves pain and temperature function to
the head and neck. This trigeminal nucleus is morphologically and functionally associated with the
upper cervical segments, and its cells form a column
continuous with the column of cells that form the
posterior horn in the cervical cord.
• Thus, any structure innervated by the C1-C3 spinal
nerves could be the source of cervicogenic headache.
• The greater occipital nerve supplies only the skin, muscles,
and vessels of the scalp similar to other pericranial nerves.
• However, there is no proven evidence that these tissues
are sources of pain, nor is there any evidence that the
greater occipital nerve itself is affected by any intrinsic
disease, at the site at which it is blocked or distal to the
site, which would render the nerve the source of pain.11
♦ Numerous causes for occipital neuralgia have been
described in the literature.
• Trauma (usually concussive), including whiplash
• Physical stress on the nerve
• Repetitious neck contraction
• Trapezius or sternocleidomastoid entrapment secondary to myofascial spasms
• Secondary to medical complications such as osteochondroma (a benign tumor of the bone) or neuralgia from
conditions such as diabetes
• Temporal arteritis
• Neurosyphilis
• Herpes zoster
• Upper cervical facet joint pathology
• Arterial compression of the C2 nerve root by a tortuous
vertebral artery.
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Fig. 2. The cervicotrigeminal interneuronal relay.

Clinical Evaluation
Prevalence

♦ The true prevalence of occipital neuralgia is difficult to

assess, since it is rarely included in the differential diagnosis of migraines and therefore likely under-diagnosed.
• Occipital neuralgia would be considered one of the
causes of cervicogenic headache (CGH), and, though
there is still disagreement regarding the diagnostic criteria of CGH, the prevalence of CGH has been estimated
as 15 to 20% of patients with chronic headaches.52
• Neck pain is also a common symptom of a migraine
attack.
• In a study of 50 migraine patients,53 64% reported
neck pain or stiffness associated with their migraine
attack, with 31% experiencing neck symptoms during the prodrome, 93% during the headache, and
31% during the recovery phase.
• Bovim and Sand10 reported that greater occipital nerve
blocks relieved pain in 19 of 22 patients felt to have
cervicogenic headaches, where the same injections with
saline offered no relief.
♦ In 1986, Bogduk and Marsland12 reported complete relief
of headaches after blocks of the third occipital nerve.
• A study using controlled blocks collaborated the findings of uncontrolled blocks.
• This study also provided estimates of the prevalence
of headaches stemming from the C2/3 zygapophysial
joint (the origin of the third occipital nerve) of 27% and
neck pain after whiplash injuries.23
• Those patients in whom headache was the dominant
feature, the prevalence increased to 53%.

Diagnosis

♦ Headache, like low back pain or abdominal pain, is a symp-

tom with a vast differential diagnosis.54,55
• As a subset of cervicogenic headaches (CGH), occipital
neuralgia can cause pain and paresthesias to the posterior scalp, the periorbital, temporal, and mandibular
regions, the external ear and mastoid regions, as well as
the neck and shoulders.
• Unilateral occipital neuralgia, because of the proximity
of the occipital artery, can present with throbbing, unilateral headaches associated with photophobia, phonophobia, and nausea, which will meet the International
Headache Society (IHS) criteria54 for migraines.
• Furthermore, unilateral occipital neuralgia may even
respond, at least temporarily, to triptans (because
shrinking the artery will give more room for the
entrapped nerve).
♦ A presumptive diagnosis is made with:
• A history of occipital pain, often radiating to the face
(especially behind the eye “like an ice pick”)
• Tenderness to palpation at the base of the skull.
♦ Bogduk11 described that there are no clinical features by
which pain from the C2/3 zygapophysial joint can be
diagnosed.
• It can be suspected if the patient has headaches and
maximal tenderness over the joint, but collectively those
clinical features have a positive likelihood ratio of only
2:1.23
• In the same way, diagnostic injections are the only
reliable technique by which occipital neuralgia can be
diagnosed.
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Fig. 3. Cutaneous innervation of head and neck.

Netter medical illustration used with permission of Elsevier. Adapted from Radiograhic Imaging for Regional Anesthesia and Pain Management.
All rights reserved.

• Fig. 4 illustrates common sites of occipital entrapment.
• The lesser occipital nerve is also a branch of C2, but

Fig. 4. Occipital entrapment sites. Courtesy of Gabor B.
Racz, MD.

Anatomy
♦ An intimate knowledge of the anatomy in the region of

the cervical spine, particularly of the upper segments, is
mandatory to avoid adverse outcomes.
• The greater occipital nerve arises from the medial
branch of the posterior ramus of C2, and travels cephalad, medial to the lateral atlantoaxial joint and vertebral
artery, and deep to the inferior oblique muscle (Fig. 4).
• A branch from C3 may join at this point, as the nerve
ascends over the dorsal surface of the rectus capitis
muscle and then through the semispinalis capitis, to
pierce the muscular sling formed by the aponeurosis of the sternocleidomastoid (SCM) and trapezius
muscles at their attachment on the occipital bone,
where it is joined by the occipital artery laterally.56
• The greater occipital nerve is stretched by the inferior
oblique muscle during flexion of the cervical spine.

travels more laterally, and exits the neck just lateral to
the occipital prominence.
• The third occipital nerve also comes from C2 and C3,
running medially to the occiput, innervating the suboccipital region.
• The greater occipital nerve, along with the lesser occipital and third occipital nerves, supplies sensory innervation to the posterior and posterolateral scalp to the
vertex.
♦ Fibers of the C2 nerve root will relay at the level of the
medulla with the caudate portion of the trigeminal
nucleus.
• Pain from the occipital nerve will refer to any of the
branches of the trigeminal nerve.
• Trigeminal stimulation causes referred pain to the
occiput.
• Thus, any structure innervated by neurons whose central processes reach the upper 3 cervical segments may
be a source of headache.54,55
♦ Natsis,57 based on the cadaveric dissections of 40 cadavers (29 female and 11 males), noted that the course of the
GON did not differ between male and females.
• There was a left-right difference noted in the site of
the GON in the trapezius region but not the SCM.
• The nerve was noted to get wider as it moved toward
the periphery, and, in 3 cases, the nerve split into 2
branches before piercing the trapezius.
• The GON and lesser occipital nerves were reunited at
the level of the occiput in 80% of the specimens.
♦ In order to evaluate the most appropriate site for injections
for headaches, Mosser et al58 dissected 14 cadaver heads, and
determined the location of the emergence of the occipital nerve
from the semispinalis approximately 3 cm below the occip-
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ital protuberance and 1.5 cm lateral to the midline.
• Loukas et al59 dissected 100 formalin-fixed adult cadavers and found the greater occipital nerve to be at a mean
distance of 3.8 cm lateral to a vertical line through the
external occipital protuberance and the spinous processes of C2 through C7.
♦ During a routine anatomic dissection, Madhavi and Holla60
identified bilateral triplication of the lesser occipital nerve.
• The origin of 1 lesser occipital nerve was from a common origin with the supraclavicular nerve (C3-4) from
the cervical plexus.
• Another lesser occipital nerve ran through the trapezius and
was closely related to the exit of the greater occipital nerve.
• The third ran in a standard path.
♦ A convergence of cervical and trigeminal input at the level
of the caudal part of the trigeminal nucleus in the brainstem
explains the pattern of occipital pain referring to the face.61
• Busch et al61 studied 15 healthy subjects, blocking the occipital nerve on 1 side, and testing the blink reflex of both eyes.
• Blink latencies increased significantly only on the side
of the injection, without change in thresholds for sen-
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sory or pain perceptions on both sides.

♦ Third occipital nerve has a variable course.11

• The third occipital nerve is the superficial medial branch

of the C3 dorsal ramus crossing the lateral and posterior
aspect of the C2/3 zygapophysial joint.23
• As it crosses the C2/3 zygapophysial joint, it furnishes articular branches to the underlying joint, which is
the sole source of innervation of this joint.11
• The third occipital nerve most often crosses the C2/3
facet joint opposite the center of the C3 superior articular
process, but it may run lower or higher than this plane.
♦ Skeletal anatomy of the occipital aspect of the cranium is
composed of the occiput which involves the back of the
head, also known as the convex posterior protuberance of
the occipital bone, parts of the parietal bones, and mastoid
parts of the temporal bones.
• The external occipital protuberance or prominence is usually easy palpable in the median plane, however, occasionally (especially in females) it may be inconspicuous.62
♦ Scalp and face are richly supplied with superficial arteries
and external veins (Table 1, Fig. 5).

Table 1. Superficial arteries of face and scalp.
Artery
Facial
Inferior labial
Superior labial
Lateral nasal
Angular

Origin
External carotid artery
Facial artery near angle of mouth
Facial artery as it ascends
alongside nose

Terminal branch of facial artery

Course

Distribution

Ascends deep to submandibular gland; winds
Muscles of facial expression and face
around inferior border of mandible and enters face
Runs medially in lower lip

Lower lip

Runs medially in upper lip

Upper lip and ala (side) and septum of nose

Passes to ala of nose

Skin on ala and dorsum of nose

Passes to medial angle (canthus) of eye

Superior part of cheek and inferior eyelid

External carotid artery

Passes medial to posterior belly of digastric and
mastoid process; accompanies occipital nerve in
occipital region

Superficial
temporal

Smaller terminal branch of
external carotid artery

Ascends anterior to ear to temporal region and
ends in scalp

Facial muscles and skin of frontal and
temporal regions

Transverse
facial

Superficial temporal artery
within parotid gland

Crosses face superficial to masseter and
inferior to zygomatic arch

Parotid gland and duct, muscles and skin
of face

Mental

Terminal branch of inferior
alveolar artery

Emerges from mental foramen and passes to
chin

Facial muscles and skin of chin

Terminal branch of ophthalmic
artery, a branch of internal
carotid artery

Passes superiorly from supraorbital foramen

Muscles and skin of forehead and scalp

Passes superiorly from supratrochlear notch

Muscles and skin of scalp

Occipital
Posterior
auricular

Supraorbitala

Supratrochleara

Scalp of back of head, as far as vertex

Passes posteriorly, deep to parotid gland, along
Scalp posterior to auricle and auricle
styloid process between mastoid process and ear

Source is internal carotid artery. Reprinted with permission from Moore and Dalley.62 Clinically Oriented Anatomy, Fifth Ed. Lippincott,
Williams, and Wilkins, Baltimore, MD, 2006, p 948.
a
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Supratrochlear* artery

Superficial temporal artery

Supraorbital* artery
Superficial temporal
artery
Posterior auricular
artery
Occipital artery

Supraorbital* artery
Supratrochlear* artery
Angular artery
Transverse facial artery

Occipital artery
Posterior auricular artery

Lateral nasal artery

Internal carotid artery

Superior and inferior labial arteries

External carotid artery

A. Superior view.

Maxillary artery

Mental artery
Facial artery

B. Lateral view.
*Source = internal carotid artery; all other labeled arteries are from external carotid.

Fig 5. Superficial arteries of the face and scalp.

Reprinted with permission from Moore and Dalley.62 Clinically Oriented Anatomy, Fifth Ed. Lippincott, Williams, and Wilkins, Baltimore, MD, 2006, p 948.

♦ The relationship of vascular structures and occipital nerves

is crucial.
• As the occipital nerve emerges via the aponeurotic sling,
it is close to the occipital artery.
• At this point, the greater occipital nerve is immediately medial to the occipital artery and the artery is
lateral to the inion.
• The vertebral artery ascends through the cervical transverse foramina of C1 to C6, which is located anterolaterally (Fig. 6).
• The vertebral artery at C2 to C7 is located anterior to
the facet joints from both posterior and lateral injection approaches.
• The vertebral artery passes directly superior in the neck
until the transverse process of the axis where it courses
upward and laterally to the transverse foramina of the
atlas (Fig. 6).
• The vertebral artery courses medially and superiorly from
its lateral position at C1 to the medial foramen magnum.
• The course of the vertebral artery from the transverse
foramen of the atlas to the foramen magnum may be
tortuous and variable (Figs. 6 and 7).
♦ The anterior spinal canal branches arise from single fine
branches of the vertebral arteries just outside the cervical
intervertebral foramina (Fig. 6).
• They are closely related to the pedicle of the cervical
vertebrae from C2 downward.
• The posterior spinal canal arteries derived from the
vertebral arteries supply the posterior spinal elements,
the outer surfaces of which are also covered by plexuses
derived from the ascending and deep cervical arteries
and the descending branches of the occipital arteries.

Technique
Greater and Lesser Occipital Nerve Blocks

♦ The classic description of the occipital nerve block was for

surgical anesthesia of the posterior scalp.
• Three to 5 mL of local anesthetic is injected subcutaneously across the superior nuchal ridge to develop a
“wall” of local anesthetic around the nerve.63
• This usually would effectively anesthetize all 3 nerves,
but not at the site of the entrapment. In addition,
because the galeal tissue is so adherent to the scalp
at this level, large volumes could potentially create an
entrapment of the nerves.
♦ The most effective patient position for the greater or lesser
occipital block is sitting with the neck in a flexed position.
• The occipital artery is the most useful landmark for
locating the greater occipital nerve, which lies immediately medial to the artery.
• A short, 1 to 1.5 inch, 25-gauge needle is inserted through
the skin at the level of superior nuchal line with the artery
commonly being found at a point approximately one-third
of the distance from the external occipital protuberance to
the mastoid process on the superior nuchal line.
• The lesser occipital nerve is commonly found at a point
two-thirds of the distance from the external occipital
protuberance on the superior nuchal line.64
♦ An alternate technique has been described by Trescot.65
• The patient is positioned sitting with the neck slightly
flexed (Fig. 8).
• The injection site (in this case describing the right side)
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A. Course of vertebral artery in the cervical spine.

B. Illustration of vertebral artery relationship; fluoroscopic view of
atlanto-axial joint with diagram of vertebral artery.

Fig. 6. Relationship of structures in the cervical spine.

2. Posterior view.
1. Anterior view.
C. Anterior blood supply of the spinal cord showing spinal and
radiculomedullary arteries.

A. Netter medical illustration used with permission of Elsevier. All rights reserved. C. Reproduced from Cramer and Darby. Basic and
Clinical Anatomy of the Spine, Spinal Cord and ANS, 2nd ed. ©2005, with permission from Elsevier.

Fig. 7. Tortuous vertebral artery MRI.
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is identified by placing the middle finger of the left
hand at the foramen magnum (which identifies midline
and avoids the cisternal injection).
• The index finger is then placed at the conjoined tendon
attachment.
• The thumb will then identify the injection site for the
greater occipital nerve at the base of the skull by creating a paresthesia.
• The needle (27g, 1½ inch) is directed cephalad and
slightly medially until contact is made with bone. Small
volumes (less than 2 mL) of local and steroid are then
injected underneath the tendon where the nerve pierces
the tendon attachment.
• The lesser occipital nerve is found just lateral to this
site, along a palpable groove in the bone at the posterior edge of the mastoid,
♦ Anthony66 has proposed the use of a nerve stimulator for
diagnostic nerve blocks, while Okuda et al67 recommend
using an ultrasonic localization.
• Eichenberger et al68 performed 573 ultrasound-guided

A. Positioning.

C. Conjoined tendon identification.

Fig. 8. Illustration of Trescot’s 65 technique.
Courtesy of Michael Baskin, MD.

occipital nerve blocks confirmed by anatomic dissection.

• Eichenberger et al69 also performed a double-blind

study to evaluate ultrasound guided third occipital nerve
blocks on 14 healthy paid volunteers.
• The nerve could be identified in all the patients, and
only one patient did not get numb from the local
anesthetic injection.
• Saline injected in 11 of the patients did not result in
hypoesthesia
• Galiano et al70 described magnetic resonance imageguided visualization of the third occipital nerve.
♦ Racz (personal communication) recommends a cephalad
to caudad approach to reach the potential space anterior to
the splenius muscles, using large volumes to “decompress”
the nerve proximal to the fascia piercing (Fig. 9).
• A specialized curved blunt-tipped “stealth” needle has
been developed to facilitate this approach.
♦ Ashkenazi et al71 described greater occipital nerve blocks
in patients with chronic daily headaches, performed with
local anesthetic with or without steroids, and noted lit-

B. Midline identification.

D. Occipital nerve site.
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A. Stealth needle (courtesy of Epimed).
B. Stealth needle insertion.

C. Fluoroscopic image, Stealth needle placement.

D. Fluoroscopic image, Stealth needle decompression.

E. Stealth injection dissection.

Fig. 9. Racz technique of occipital nerve blocks (Stealth technique). Courtesy of Gabor B. Racz, MD.
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superior articular process, striking the articular process.

• Once it has struck the articular process, it can be read-

justed to slip past the lateral surface of the process by
only a few millimeters.
• The final position of the electrode is adjusted on lateral
views and the lesioning is performed.
♦ For the sagittal pass, a pillar view is not required, because
the target nerve runs transversely across the lateral aspect
of the C2/3 facet joint.
• A direct posterior-anterior approach is used to coagulate the entire lateral surface of the joint.
• Several lesions may be necessary in order to coagulate
this entire area adequately.
C2 Nerve Root/Dorsal Root Ganglion Block

♦ The C2 rootlets leave the spinal cord and travel through
Fig. 10. Needle position for dual third occipital nerve
lesions.
tle difference other than decreased photophobia in the
patients who received the steroids.
• A retrospective study by Gawel and Rothbart72 looked
at 97 refractory migraine and 87 refractory post-traumatic headache patients who were treated with greater
occipital nerve blocks consisting of lidocaine and methylprednisolone. Sixty-three (72%) of the post-traumatic
and 52 (54%) of the migraine patients reported “significant relief ” up to 6 months after treatment.
Third Occipital Nerve Blocks

♦ Two separate radiofrequency lesions are typically per-

formed to adequately ablate the third occipital nerve. The
neurotomies are performed with both an oblique pass and
a sagittal pass, as for neurotomy at other cervical levels
(Fig. 10).73
♦ For the oblique pass, the target area is the entire anterolateral
surface of the superior articular process of C3, from its apex to its
base opposite the bottom of the C2/3 intervertebral foramen.
• On lateral views, in each placement, the uninsulated
portion of the electrode should lie over the anterior
third of the superior articular process of C3, and its tip
should coincide with the anterior margin of the process,
but should not project beyond this margin.
• On AP views, the tip of the electrode should project just
medial to the lateral silhouette of the C2/3 facet joint.
• A 30° oblique view is resumed and the puncture site is
anesthetized.
• The electrode is passed through the posterior neck muscles towards the target point aimed at the back of the C3

the atlanto-axial interlaminar space, passing posterolaterally beneath or just anterior to the C1 arch, and then pass
between the atlanto-axial ligament and the facet joint.
• The dorsal root ganglion (DRG) usually lies 2 to 4 mm
lateral to the end of the dural sleeve, underneath the inferior oblique muscle and medial to the C1-2 joint capsule.
• Also of note is a rich venous plexus at this level. The dorsal ramus of C2 gives rise to the greater occipital nerve.
♦ The C2 DRG and nerve are unique because they are not protected by bone. Hunter and Mayfield22 suggested that these
structures are susceptible to mechanical trauma at 4 sites:
• The exit zone between the cervical laminae
• The perforation of the atlanto-axial membrane
• The tendon of the trapezius muscle
• C1 and C2 facet mechanical irritation.
♦ Surgical excision of the C2 DRG has been described for
the treatment of refractory occipital neuralgia.74
Cryoneuroablation

♦ Although not well published, occipital cryoneuroablation is one
of the most common uses of the cryo technique (Fig. 11).75

♦ Kappes76 described cryoablation of the occipital nerve in

72 patients with intractable headaches: 62% of the total
patients had 75% or greater improvement in symptoms,
90% enjoyed a reduction of 50% or more, 47% were symptom free for 6 weeks to one year.

Radiofrequency Lesioning

♦ Continuous (or heat) radiofrequency lesioning (RFL) has

been described, but carries a significant (at least theoretic)
risk of neuroma formation or deafferentation. Pulsed RF
should have less of those risks.
• Navani et al77 described a case of pulsed RF of the
occipital nerve, noting 5 months of 70% relief.
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Botulinum Toxin

♦ Botulinum toxin (type A and type B) has been used for

headaches since the fortuitous observation by plastic surgeons that the toxin use for forehead wrinkles decreased
the occurrence of “migraines.”78
• Its use for cervical dystonia is FDA approved, but offlabel use for the muscle spasms associated with cervicogenic headaches has been reported.79
• However, the toxin has also been reported useful for
severe occipital neuralgia as well.80

Occipital Nerve Stimulation

♦ Vallejo et al81 described the technique of subcutaneous placement

of electrodes over the occipital ridge for chronic migraines.
• Johnstone and Sundaraj82 described 8 cases using occipital
nerve stimulation for occipital neuralgia, while Magis et
al83 and Burns et al84 used occipital stimulators as part of a
treatment program for drug-resistant cluster headaches.

Precautions
♦ Relative contraindications to interventional techniques

♦

♦

♦
♦

have been described in patients receiving treatment with
nonsteroidal anti-inflammatory medications (especially
aspirin), because of concerns that these agents may compromise coagulation.85,86
• Raj et al85 have provided a detailed description of the role
of anticoagulants in interventional pain management.
Prior to occipital nerve blocks, patients on warfarin therapy should have prothrombin time (PT) checked and documented to be at acceptable levels.
• In stopping anticoagulant therapy, one should take into
consideration the risk/benefit ratio of the procedure and
also consult with the physician in charge of anticoagulant therapy prior to a decision to proceed.
• It is prudent to advise the patient to contact the physician in charge of anticoagulant therapy and let him/her
help make the decision as to when to stop anticoagulants and for how long.
Aspirin and NSAIDS alone are considered safe.86
• However, combination of these drugs or other antiplatelet therapies with clopidogrel (Plavix) or ticlopidine (Ticlid) may increase the risk of spinal hematoma.
• The thromboembolic risk of discontinuing anticoagulation therapy must be considered by the physician in
charge of antiplatelet therapy.
This block should not be attempted in patients who have
undergone posterior cranial surgery because of the loss of
protective skull coverage.
The most dreaded complication is an intravascular injection into the adjacent venous plexus, vertebral artery, or
carotid artery.

Fig. 11. Cryoneurolysis of occipital nerves.
• It could be surmised that, in this highly vascular region,

drug uptake could be either active or passive, particularly with high volumes of injectate.
• It is therefore recommended that only a small amount
of local anesthetic be injected to decrease potential
cardiovascular or central nervous system toxicity.
♦ Other considerations are related to the patient’s physical
habitus, ability to lay in the prone position, and hematologic factors.

Side Effects and Complications
♦ Complications from occipital nerve blocks with local anes-

thetic and steroids or neurolytic procedures are exceedingly
rare.
• However, serious complications with occipital interventions may occur and have been reported.
• Complications include those related to placement of
the needle and those related to the administration of
various drugs.
• Proximity of the needle to the vertebral artery, spinal
cord, and nerve root creates risk for injury and makes
precise and accurate needle placement extremely
important.
♦ Complications may include dural puncture, spinal cord
trauma, subdural injection, neural trauma, injection into
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the intervertebral foramen and intravertebral arteries;
intravascular injection into veins, vertebral arteries or
occipital artery; infectious complications including epidural abscess and bacterial meningitis; and side effects related to the administration of steroids, local anesthetics, and
other drugs.
♦ Vertebral artery and ventral ramus damage, along with a
risk of embolus resulting in serious neurological sequelae
with spinal cord damage and cerebral infarction are exceedingly rare, but are potential complications with occipital
nerve blocks and other interventions.87-94
♦ Other minor complications include lightheadedness,
flushing, sweating, nausea, hypotension, syncope, pain at
the injection site, and headaches.
♦ Side effects related to the administration of steroids are
generally attributed to the chemistry or to the pharmacology of the steroids.87
• These include suppression of pituitary-adrenal access,
hypocorticism, Cushing’s syndrome, osteoporosis, avascular necrosis of the bone, steroid myopathy, epidural lipomatosis, weight gain, fluid retention, and hyperglycemia.
• Occipital nerve blocks have been associated with
alopecia, cutaneous atrophy,95 Cushing’s syndrome

with repeated injections,96 and prolonged facial
numbness.97
♦ Reported complications of radiofrequency thermoneurolysis include a worsening of the usual pain, burning or
dyesthesias, decreased sensation and allodynia in the skin
in the region of the denervation, alopecia, and inadvertent
lesioning of the spinal nerve or ventral ramus resulting in
motor deficits, sensory loss, and deafferentation pain.
• A spinal cord lesion can lead to quadriplegia, motor
weakness, loss of proprioception and sensory function,
bowel and bladder dysfunction, Brown-Séquard syndrome, and spinal cord infarction.
♦ Okuda et al94 described a patient who developed sudden
unconsciousness during a lesser occipital nerve block.
• Apparently unknown to the injector, the patient had
undergone a prior microvascular decompression for trigeminal neuralgia, with a subsequent craniotomy bony
defect.
• Two hours later, the patient was awake with no
sequelae.
• The authors felt the patient had likely suffered a subarachnoid injection.

Key Points
1. Headache resulting from occipital neuralgia is considered a significant problem.
2. Anatomic recognition of multiple occipital nerves – namely the greater occipital, the lesser occipital, and the third occipital nerve-have been described, each with different patterns of pain, neurologic origin, and treatment modalities.
3. Indications for occipital nerve blocks or other interventions include pain secondary to involvement of the occipital nerves
with failure to respond to conservative management, tension-type headaches, cluster headaches, and cervical facet joint
pain.
4. Controlled diagnostic blocks of the occipital nerves are the only means of diagnosis with certainty; however, studies are
available only for third occipital nerve, even though numerous observation reports are available for greater occipital nerve
blocks.
5. The effectiveness of multiple occipital interventions has been described. However, the evidence for all modalities of treatment at the present time is limited.
6. To perform occipital nerve interventions, a physician must be well trained and well acquainted with the anatomy and
fluoroscopic technology.
7. Appropriate precautions must be exercised due to proximity of occipital artery, vertebral artery, and spinal cord.
8. Side effects and complications include dural puncture, spinal cord trauma, subdural injection, neural trauma, intravascular
injections, infectious complications, and side effects related to the administration of steroids, local anesthetics, or other
drugs.

Ch. 22

Occipital Nerve Blocks

Trescot

279

References
1.
2.
3.
4.
5.
6.

7.
8.
9.

10.

11.
12.
13.
14.

15.

16.

17.

18.

Beruto Y, Lentijo J, Ramus NM. Descodes de
med y irugpract. Madrid 1821; 3:145-169.
Perelson HN. Occipital nerve tenderness:
A sign of headache. South Med J 1947;
40:653-656.
Luff AP. The various forms of fibrositis and
their treatment. Br Med J 1913; 1:756-770.
Osler W, McRae T. The Principles and Practice of Medicine. 10th ed, D Appleton, New
York, 1925, p 1117.
Bonica JJ. The Management of Pain. Lea &
Febiger, Philadelphia, PA, 1953.
Naja ZM, El-Rajab M, Al-Tannir MA,
Ziade FM, Tawfik OM. Occipital nerve
blockade for cervicogenic headache: A double-blind randomized controlled clinical
trial. Pain Pract 2006; 6:89-95.
Biondi DM. Cervicogenic headache: Diagnostic evaluation and treatment strategies.
Curr Pain Headache Rep 2001; 5:361–368.
Biondi DM. Cervicogenic headache: A review of diagnostic and treatment strategies.
J Am Osteopath Assoc 2005; 105:16S–22S.
Leone M, D’Amico D, Grazzi L, Attanasio A, Bussone G. Cervicogenic headache:
A critical review of the current diagnostic
criteria. Pain 1998; 78:1–5.
Bovim G, Sand T. Cervicogenic headache,
migraine without aura and tension-type
headache. Diagnostic blockade of greater
occipital and supra-orbital nerves. Pain
1992; 51:43–48.
Bogduk N. Role of anesthesiologic blockade
in headache management. Curr Pain Headache Rep 2004; 8:399-403.
Bogduk N, Marsland A. On the concept of
third occipital headache. J Neurol Neurosurg
Psychiatry 1986; 49:775–780.
Bogduk N, Marsland A. The cervical zygapophysial joints as a source of neck pain.
Spine 1988; 13:610–617.
Govind J, King W, Bailey B, Bogduk N. Radiofrequency neurotomy for the treatment
of third occipital headache. J Neurol Neurosurg Psychiatry 2003; 74:88–93.
Naja ZM, El-Rajab M, Al-Tannir MA, Ziade FM, Tawfik OM. Repetitive occipital
nerve blockade for cervicogenic headache:
expanded case report of 47 adults. Pain Pract
2006; 4:278-284.
Afridi SK, Shields KG, Bhola R, Goadsey PJ. Greater occipital nerve injection in
primary headache syndromes – prolonged
effect from a single injection. Pain 2006;
122:26-129.
Silverman SB. Cervicogenic headache:
Interventional, anesthetic, and ablative
treatment. Curr Pain Headache Rep 2002;
6:308-314.
Ashkenazi A, Levin M. Greater occipital
nerve block for migraine and other headaches: is it useful? Curr Pain Headache Rep

2007; 11:231-235.
19. Antonaci F, Torbjorn FA, Sjaastad O. Cervicogenic headache: clinical presentation, diagnostic criteria and differential diagnosis. Curr
Pain Headache Rep 2001; 5:387-392.
20. Sjaastad O, Fredriksen TA. Cervicogenic
headache: criteria classification and epidemiology. Clin Exp Rheumatol 2000; 18:S3-S6.
21. Bogduk N. Cervicogenic headache: anatomic basis and pathophysiologic mechanisms.
Curr Pain Headache Rep 2001; 5:382-386.
22. Hunter CR, Mayfield FH. Role of the upper cervical roots in the production of pain
in the head. Am J Surg 1949; 78:743–749.
23. Lord S, Barnsley L, Wallis B, Bogduk N.
Third occipital headache: a prevalence
study. J Neurol Neurosurg Psychiatry 1994;
57:1187–1190.
24. Knight G. Post-traumatic occipital headache. Lancet 1963; 1:6–8.
25. Hammond SR, Danta G. Occipital neuralgia. Clin Exp Neurol 1978; 15:258–270.
26. Bogduk N. Greater occipital neuralgia. In:
Long, MD (ed.) Current Therapy in Neurological Surgery, 2nd ed., Decker, Philadelphia, PA, 1989; pp 263–267.
27. Anthony M. Headache and the greater occipital nerve. Clin Neurol Neurosurg 1992;
94:297–301.
28. Bovim G, Berg R, Dale LG. Cervicogenic
headache: Anesthetic blockades of cervical
nerves (C2-C5) and facet joint (C2-C3).
Pain 1992; 49:315–320.
29. Terzi T, Karakurum B, Uder S, Inan LE,
Tulunay C. Greater occipital nerve blockade
in migraine, tension-type headache and cervicogenic headache. J Headache Pain 2002;
3:137-141.
30. Anthony M. Headache and the greater occipital nerve. Clinical Neurol Neurosurg 1992;
94:297–301.
31. Kuhn WF, Kuhn SC, Gilberstadt H. Occipital neuralgias: clinical recognition of a complicated headache: a case series and literature
review. J Orofacial Pain 1997; 11:158–165.
32. Caputi CA, Firetto V. Therapeutic blockade of
greater occipital and supraorbital nerves in migraine patients. Headache 1997; 37:174–179.
33. Murphy JP. Occipital neurectomy in the
treatment of headache results in 30 cases.
Md State Med J 1969; 18:62–66.
34. Magnusson T, Ragnarsson T, Bjornsson
A. Occipital nerve release in patients with
whiplash trauma and occipital neuralgia.
Headache 1996; 36:32–36.
35. Bovim G, Fredriksen TA, Stolt-Nielsen A,
Sjaastad O. Neurolysis of the greater occipital
nerve in cervicogenic headache: a follow-up
study. Headache 1992; 32:175–179.
36. Austad ED. Discussion. Relevance of the
lesser occipital nerve in facial rejuvenation surgery. Plast Reconstr Surg 2000;

105:2600–2603.
37. Blume H, Kakolewski J, Richardson R,
Rojas C. Radiofrequency denaturation and
occipital pain: results in 450 cases. A Neurophysiol 1982; 45:543–548.
38. Lozano AM, Vanderlinden G, Bachoo R,
Rothbart P. Microsurgical C-2 ganglionectomy for chronic intractable occipital pain. J
Neurosurgery 1998; 89:359–365.
39. Dubuisson D. Treatment of occipital neuralgia by partial posterior rhizotomy at C1C3. J Neurosurgery 1995; 82:581–586.
40. Weiner RL, Reed KL. Peripheral neurostimulation for control of intractable occipital
neuralgia. Neuromodulation 1999; 2:217–221.
41. Stojanovic MP. Stimulation methods for
neuropathic pain control. Curr Pain Headache Rep 2001; 5:130–137.
42. Lou L. Uncommon areas of electrical stimulation for pain relief. Curr Rev Pain 2000;
4:407–412.
43. Hecht JS. Occipital nerve blocks in postconcussive headaches: A retrospective review
and report of ten patients. J Head Trauma
Rehabil 2004; 19:58-71.
44. Sjaastad O, Fredriksen TA, Pfaffenrath V.
Cervicogenic headache: Diagnostic criteria.
Headache 1990; 31:725-726.
45. Vincent MB, Luna RA, Scandiuzzi D, Novis SA. Greater occipital nerve blockade in
cervicogenic headache. Arq Neuropsiquiatr
1998; 56:720-725.
46. Ashkenazi A, Young WB. The effects of
greater occipital nerve block and trigger
point injection on brush allodynia and pain
in migraine. Headache 2005; 45:350-354.
47. Kapoor V, Rothfus WE, Grahovac SZ,
Amin Kassam SZ, Horowitz MB. Refractory occipital neuralgia: preoperative assessment with CT-guided nerve block prior to
dorsal cervical rhizotomy. Am J Neuroradiol
2003; 24:2105-2110.
48. Leinisch-Dahlke E, Jürgens T, Bogdahn U,
Jakob W, May A. Greater occipital nerve
block is ineffective in chronic tension type
headache. Cephalgia 2005; 25:704-708.
49. Bogduk N. The anatomical basis for cervicogenic headache. J Manipulative Physiol
Ther 1992; 15:67–70.
50. Fredriksen TA, Sjaastad O. Cervicogenic
headache: current concepts of pathogenesis
related to anatomical structure. Clin Exp
Rheumatol 2000; 18:S16–S18.
51. Alix NE, Bates DK. A proposed etiology of
cervicogenic headache: the neurophysiologic
basis and anatomic relationship between the
dura matter and the rectus posterior capitis
minor muscle. J Manipulative Physiol Ther
1999; 22:534–539.
52. Haldeman S, Dagenais S. Cervicogenic headaches: a critical review. Spine J 2001; 1:31-46.
53. Blau JN, MacGregor EA. Migraine and the

280

Interventional Techniques in Chronic Non-Spinal Pain

neck. Headache 1994; 34:88-90.
54. Headache Classification Committee of the
International Headache Society. Classification and diagnostic criteria for headache
disorders, cranial neuralgias and facial pain.
Cephalalgia 1988; 8:1-96.
55. Ashkenazi A, Silberstein SD. Headache
management for the pain specialist. Reg
Anesth Pain Med 2004; 29:462-475.
56. Becser N, Bovim G, Sjaastad O. Extramural
nerves in the posterior part of the head. Anatomic variations and their possible clinical
significance. Spine 1998; 23:1435-1441.
57. Natsis K. The course of the greater occipital nerve in the suboccipital region: A
proposal for setting landmarks for local anesthetic in patients with occipital neuralgia.
Clin Anat 2006; 19:332-336.
58. Mosser SW, Guyuron B, Janis JE, Rohrich
RJ. The anatomy of the greater occipital
nerve: Implications for the etiology of migraine headaches. Plast Reconstr Surg 2004;
113:693-697.
59. Loukas M, El-Sedfy A, Tubbs RS, Louis
RG, Wartmann CH, Curry B, Jordan R.
Identification of greater occipital nerve
landmarks for the treatment of occipital
neuralgia. Folia Morphol 2006; 65:337-342.
60. Madhavi C, Holla SJ. Triplication of the
lesser occipital nerve. Clin Anat 2004;
17:657-671.
61. Busch V, Jakob W, Juergens T, SchulteMattler W, Kaube H, May A. Functional
connectivity between trigeminal and occipital nerve blockade and nociceptive
blink reflexes. Cephalgia 2006; 26:50-55.
62. Moore KL, Dalley AF. Head. In: Moore KL,
Dalley AF (eds). Clinically Oriented Anatomy,
fifth edition. Lippincott Williams & Wilkins,
Baltimore, MD, 2006, pp 885-1043.
63. Brown DL. Occipital block. In: Brown DL
(ed.) Atlas of Regional Anesthesia, 3rd ed., Elsevier, Philadelphia, PA, 2006, pp 153-156.
64. Brown DL, Wong GY. Greater and lesser occipital nerve blocks. In: Waldman SD (ed.).
Pain Management, Vol. 2. Saunders Elsevier,
Philadelphia, PA, 2007, pp 1140-1151.
65. Trescot AM. Headache: is it a migraine?
Think again. Tech Reg Anesth Pain Manage
2005; 9:68-73.
66. Anthony M. Arrest of attacks of cluster
headache by local steroid injection in the
occipital myalgia-neuralgia syndrome. In:
Pfaffenrath V, Lundberg PO, Sjaastad O,
(eds). Updating in Headache. Springer-Verlag, Berlin, 1985:17–23.
67. Okuda Y, Ishikawa K, Usui Y, Nagao M,
Ikeda T, Kitajima T. Use of ultrasound
Doppler flowmeter for block. Reg Anesth
Pain Med 2002; 27:444–445.
68. Eichenberger U, Greher M, Curatolo M,
Kirchmir L, Moriggi B. 573 ultrasoundguided block of the greater occipital nerve:
Accuracy of a selective new technique confirmed by anatomic dissection. Eur J Pain

2006; 10:S151.
69. Eichenberger U, Greher M, Kapral S, Marhofer P, Wiest R, Remonda L, Bogduk N,
Curatolo M. Sonographic visualization and
ultrasound-guided block of the third occipital nerve. Anesthesiology 2006; 104:303-308.
70. Galiano K, Obwegeser AA, Bodner G,
Schatzer R, Schocke M, Gruber H. Ultrasound is not the only technique to visualize
third occipital nerve blockade. Anesthesiology 2006; 105:858.
71. Ashkenazi A, Levin R. Greater occipital
nerve block for migraine and other headaches: is it useful? Current Pain and Headache Report 2007; 11:231-235.
72. Gawel MJ, Rothbart PJ. Occipital nerve
block in the management of headache and
cervical pain. Cephalgia 1992; 12:9-13.
73. Bogduk N. Percutaneous radiofrequency
cervical medial branch neurotomy. In: Practice Guidelines for Spinal Diagnostic and Treatment Procedures. ISIS; 2004, pp 249-284.
74. Chudy D, Sporis D, Rotim K. Occipital
neuralgia relieved with C2 ganglionectomy.
Neurologia Croatica 2004; 53:29-33.
75. Trescot AM. Cryoanalgesia in interventional pain management. Pain Physician
2003; 6:345-360.
76. Kappes TJ. Cryoablation of the occipital nerves for prolonged relief of cervicogenic headache. Am J Pain Manage 2003;
13:118-123.
77. Navani A, Mahajan G, Kreis P, Fishman S. A
case of radiofrequency lesioning for occipital neuralgia. Pain Med 2006; 7:453-456.
78. Binder WJ, Brin MF, Blitzer A, Schoenrock LD, Pogoda JM. Botulinum toxin type
A for treatment of migraine headaches: An
open-label study. Otolaryngol Head Neck
Surg 2000; 123:669–676.
79. Tancredi A, Caputi F. Greater occipital
neuralgia and arthrosis of C1-2 lateral
joint. Eur J Neurol 2004; 11:573-574.
80. Volcy M, Tepper SJ, Rapoport AM, Sheftell FD, Bigal ME. Botulinum toxin A for
the treatment of greater occipital neuralgia
and trigeminal neuralgia: A case report
with pathophysiological considerations.
Cephalalgia 2006; 26:336–340.
81. Vallejo R, Benyamin R, Kramer J. Neuromodulation of the occipital nerve in pain
management. Tech Reg Anesth Pain Manage
2006; 10:12-15.
82. Johnstone CSH, Sundaraj R. Occipital
nerve stimulation for the treatment of occipital neuralgia — eight case studies. Neuromodulation 2006; 9:41–47.
83. Magis D, Allena M, Bolla M, De Pasqua V,
Remade JM, Schoenen J. Occipital nerve
stimulation for drug-resistant chronic cluster headache: A prospective pilot study.
Lancet Neurol 2007; 6:314-321.
84. Burns B, Watkins L, Goadsby PJ. Treatment
of medically intractable cluster headache
by occipital nerve stimulation: Long-term

85.

86.

87.

88.

89.

90.
91.
92.

93.

94.

95.

96.

97.

follow-up of eight patients. Lancet 2007;
369:1099-1106.
Raj PP, Shah RV, Kay AD, Denaro S, Hoover
JM. Bleeding risk in interventional pain practice: Assessment, management, and review of
the literature. Pain Physician 2004; 6:3-52.
Horlocker TT, Wedel DJ, Benzon H,
Brown DL, Enneking FK, Heit JA, Mulroy
MF, Rosenquist RW, Rowlingson J, Tryba
M, Yuan CS. Regional anesthesia in the anticoagulated patient: Defining the risks (the
second ASRA Consensus Conference on
Neuraxial Anesthesia and Anticoagulation).
Reg Anesth Pain Med 2003; 28:172-197.
Manchikanti L. Pharmacology of neuraxial
steroids. In: Manchikanti L, Singh V (eds.)
Interventional Techniques in Chronic Spinal
Pain, ASIPP Publishing, Paducah, KY,
2007, pp 167-184.
Manchikanti L, Schultz DM, Falco FJ, Singh
V. Cervical facet joint interventions. In: Manchikanti L, Singh V (eds.) Interventional Techniques in Chronic Spinal Pain, ASIPP Publishing, Paducah, KY, 2007, pp 295-320.
Manchikanti L, Schultz DM, Racz GB.
Cervical transforaminal epidural injections.
In: Manchikanti L, Singh V (eds.) Interventional Techniques in Chronic Spinal Pain,
ASIPP Publishing, Paducah, KY, 2007, pp
455-478.
Rathmell JP, April C, Bogduk N. Cervical
transforaminal injection of steroids. Anesthesiology 2004; 100:1595–1600.
Rathmell JP, Benzon HT. Transforaminal injection of steroid: Should we continue? (editorial). Reg Anesth Pain Med 2004; 29:397–399.
Huntoon MA. Anatomy of the cervical
intervertebral foramina: Vulnerable arteries and ischemic neurologic injuries after
transforaminal epidural injections. Pain
2005; 117:104–111.
Hoeft MA, Rathmell JP, Monsey RD,
Fonda BJ. Cervical transforaminal injection and the radicular artery: Variation in
anatomical location within the cervical intervertebral foramina. Reg Anesth Pain Med
2006; 31:270–274.
Okuda Y, Matsumoto T, Shinohara M,
Kitajima T, Kim P. Sudden unconsciousness during a lesser occipital nerve block
in a patient with the occipital bone defect.
Eur J Anaesth 2001; 18:829-832.
Shields KG, Levy MJ, Goadsby PJ. Alopecia and cutaneous atrophy after occipital
nerve infiltration with corticosteroid. Neurology 2004; 63:2193-2194.
Lavin PJ, Workman R. Cushing syndrome
induced by serial occipital nerve blocks
containing corticosteroids. Headache 2001;
41:902-904.
Kinney MAO, Wilson JL, Carmichael SW,
De Ruyter ML, Fulgham JR. Prolonged facial hypesthesia resulting from greater occipital nerve block. Clin Anat 2003; 16:362-365.

Intercostal Nerve Blocks

23

Howard S. Smith, MD
Allen W. Burton, MD
Jianguo Cheng, MD
Raymond Nguyen, MD
Pradeep Chopra, MD

The intercostal nerve supplies sensation to the thorax and
abdomen. Consequently, intercostal nerve blocks and the neurolytic techniques may be used to provide analgesia, not only in
acute pain but also in chronic pain. The use of intercostal nerve
blocks in chronic pain management has become more frequent
over the years.1
The history of the use of intercostal nerve blocks in acute
and chronic pain parallels the development of regional anesthesia. Intercostal nerve blocks were widely utilized for surgery
of the chest and abdomen initially with cocaine and later on
procaine which was introduced into clinical practice in 1909.
Gradually, the attention was shifted from infiltration anesthesia
to blocking of the specific nerves with concentrated local anesthetics to obtain surgical anesthesia. While intercostal nerve
blocks have been described to evolve through various steps
described by multiple authors2-4 in 1992 Labat,5 provided clinicians with a concise description of intercostal nerve blocks and
presented a technique that continues to be practiced today. Further, paravertebral injections were described as an alternative to
spinal injections by Mandl6 in 1947 thus, lumbar and thoracic
blocks became popular because of the increasing concerns of
potential neurotoxicity of interspinal injections. Consequently,
proximal and distal sites for blocking intercostal nerves were
gradually defined. In 1962 Moore and Bridenbaugh7 described
their experience with intercostal nerve block in 4,333 patients
with indications, technique, and complications.
In the management of chronic chest wall pain, apart
from intercostal nerve blocks, intercostal neurolytic blocks
are also utilized. Neurolytic blocks range from cryoneurolysis, pulsed radiofrequency, and conventional radiofrequency to
cryoneurolysis.8-16
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Indications
♦ Intercostal nerve blocks are indicated in following condi-

tions for diagnosis and therapy:
• Thoracic and abdominal pain
• Intercostal neuralgia
• Intercostal neuromas
• Rib and sternal fractures
• Dislocation of the costochondral joint
• Slipped rib cartilage
• Pleuritic chest pain
• Herpes Zoster
• Post-radical mastectomy pain
• Carcinoma of the lung and breast.
♦ Contraindications are as follows:
• Infection
• Lack of informed consent
• Non-aspirin anti-coagulant therapy
• Emphysema, chronic obstruction pulmonary disease
• Allergy to drugs
• Inability to position the patient
• Inability to use fluoroscopy.
♦ Intercostal nerve blocks are used to determine the difference between segmental somatic pain in the chest and/or
the abdominal wall versus visceral pain depending on the
location of the block.
• Visceral pain may arise from nociceptive fibers that follow the sympathetic chain, therefore a local nerve block
may only relieve thoracic or abdominal wall pain and
not visceral pain.
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Clinical Applications

Anatomy

♦ Intercostal nerve blocks have been shown to be effective in

♦ The intercostal nerves originate from the anterior rami of

management of chronic thoracic pain secondary to tumor
invasion.7
• Intercostal nerve blocks were shown to be effective in
80% of the 25% of patients noting optimal local pain
control and 56% experiencing reduction in analgesic use
after intercostal never blockade in cancer pain.17
• About approximately 32% did not notice recurrence
of the targeted pain until the end of their lives.
• None of the patients developed a pneumothorax.
• A technique has been described using 5% lidocaine for
prolonged analgesia in chronic pain patients.18
• Effective use of 5% Tetracaine was described in postherpetic intercostal neuralgia or post-operative intercostal neuralgia.12
♦ Neurolytic intercostal neural blockade is frequently used
for the management of intractable intercostal pain as
motor blockade is not a major concern.20
• With neurolytic blocks utilizing phenol, the procedures
have been described as “complex and expensive”21 and
also “can play a major role in palliation of intractable
pain conditions.”22
• Authors have described that neurolytic blocks could
provide prolonged pain relief and avoid many of the
usual opioid-related adverse effects.19,23
• The duration of analgesic effect from neurolytic
blockade is long lasting in approximately 70% of the
patients.20
• The mean duration of total pain relief was reported
as 3 weeks by a group of authors.24
• Neurolytic blocks may be associated with not only
recurrent pain but also deafferentation syndrome.20
♦ Cryoneurolysis has been described to be effective in postoperative pain management, such as thoracotomy and herniorrhaphy, as well as chronic pain syndromes.10
• Cryoneurolysis in post-herniorrhaphy involves freezing
the ilioinguinal nerve, which is easily identified during
dissection of the herniorrhaphy.
• Additionally, cryoanalgesia has been utilized as a
treatment for hip adductor spasticity and obturator
neuralgia.25
♦ Pulsed radiofrequency or radiofrequency ablation (RFA)
is also employed to produce a physical nociceptive block.
• Some studies have shown that radiofrequency ablation
can produce a longer-lasting block versus chemical neurolytic techniques.26

thoracic nerve roots 1–12 (Fig. 1).
• The roots exit through the intervertebral foramina into
the paravertebral space which is bounded by the pleura
anteriorly, the vertebral body medially, and the transverse spinous processes and musculature posteriorly.27
• The paravertebral space is bound by the pleura anteromedially, the vertebral body medially, and the transverse spinous processes and paravertebral musculature posteriorly.
• The ribs traverse this space and form two articulations
with the vertebral bodies, namely the costotransverse
articulation, where the rib contacts the transverse process, and the costovertebral articulation, where the head
of the rib meets the vertebral body.8

Fig. 1. Intercostal nerves originating from anterior
rami or thoracic nerve roots. Netter medical illustration used
with permission of Elsevier. All rights reserved.
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♦ The thoracic spinal nerve root exits the intervertebral fora-

men and ramifies into anterior and posterior branches; the
anterior branch forms the intercostal nerve. (Fig. 2)
♦ Along the inferior margin of each rib is a groove that
houses the intercostal nerve, artery, and vein, with the
nerve being most inferior (Fig. 2).
• This accounts for high plasma levels of local anesthetic
produced with intercostal nerve blocks.
• The costal groove becomes shallow and disappears altogether, approximately 5 to 8 cm lateral to the posterior midline.8
• The intercostal nerve may lie immediately below the rib
margin or closer to the mid point between ribs as it traverses laterally.
• As the nerve runs laterally around the thorax, the lateral
branch of the intercostal nerve, which provides sensation to
the lateral chest wall, arises close to the posterior axillary line.
• Thus, any blocks performed anterior to this line will not

Smith et al
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achieve complete intercostal nerve anesthesia due to this lateral branch originating close to the posterior axillary line.
♦ The intercostal nerve gives off four branches as it runs
anteriorly in the intercostal space.
• The first is the gray rami communicantes, which joins
the sympathetic ganglia.
• The second branch is the posterior cutaneous nerve,
which innervates the paravertebral region.
• The third branch is the lateral cutaneous nerve, which
innervates the axillary and lateral chest wall.
• The fourth is the anterior cutaneous nerve, which innervates the anterior thorax.
♦ There is considerable sensory overlap between the multiple
branches as well as between the intercostal nerves themselves.
• Thus, pain from one area may require blockade of multiple adjacent intercostal nerves.10

Fig. 2. Intercostal nerves and arteries. Netter medical illustration used with permission of Elsevier. All rights reserved.
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Technique
♦ Intercostal nerve block can be performed anywhere along
the entire length of the nerve but is limited by the overlying scapula posteriorly.
• Efforts to achieve complete anesthesia of the anterior
and lateral nerves should be performed at the posterior

axillary line.

♦ Fig. 3 illustrates bony framework of thorax with anterior
and posterior views.

♦ Intercostal nerve blocks may be performed with or without fluoroscopy. This block also alternatively may be performed either in the lateral position or sitting position.

Fig. 3. Anterior and posterior view of thoracic spine. Netter medical illustration used with permission of Elsevier. All rights
reserved.
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Non-Fluoroscopic Technique

Fluoroscopic Technique

♦ The simplest approach is the posterior intercostal block.

♦ A safer technique in interventional pain management set-

This is performed with the patient prone and the arms
hanging at their sides in order to get the scapulae to move
laterally.
• Multiple techniques have been described in the
literature.
• The rib is easily palpable in the prone position, the
intercostal groove is broadest and deepest, and therefore
the nerve and vessels are not as closely adjacent to one
another. The ribs can then be palpated several centimeters from midline with the inferior margins marked.
♦ The skin is prepped in sterile fashion and then a skin wheal
of local anesthetic can be placed in the skin and subcutaneous tissues.
• Prior to placing the needle, the overlying skin should
be retracted superiorly, then a 22-gauge, 1.5 inch needle
with local anesthetic is inserted until the inferior rib
margin is felt.
• The needle is then walked off the inferior margin while
maintaining a cephalad angle.
• Once in the intercostal groove, the needle is then
advanced 2–3 mm further with great caution to
avoid further advancing which may result in a
pneumothorax.
• To ensure the needle is not intravascular, aspiration is
mandatory prior to injection of local anesthetic.
• However, caution must be used to avoid of a possible
pneumothorax with deep insertion.
♦ A second approach is the lateral intercostal nerve block,
performed at the posterior axillary line.
• Advantages to this method compared to the posterior
approach is that there is less likelihood of anesthetic
spread to the paravertebral region which may cause
arterial hypotension if enough roots are affected.
♦ Continuous nerve block catheters can also be inserted
similar to other regional techniques.
• Limitations include that anesthesia is localized to the
specific area at which the catheter in inserted.
• It has been shown that continuous infusion of a shorter
acting anesthetic, like lidocaine, can be used through
the catheter than a longer acting anesthetic, like bupivacaine, with the intention of less systemic toxicity with
the same analgesia.28
• Different combinations or formulations of local
anesthetics have been utilized to attempt to prolong
analgesia (e.g. the use of 5% lidocaine).18
• Tschernko and colleagues29 studied the effect of adding
clonidine to bupivacaine for intercostal nerve blocks in
post-thoracotomy.
• Doi et al12 described effective use of 5% tetracaine in
efforts to treat post herpetic intercostal neuralgia or
post-operative intercostal neuralgia.

tings is under fluoroscopy.
• Figs. 4 and 5 illustrate radiographic anatomy.
♦ The patient lies prone, with the head turned to one side.
• The C-arm is centered over the hemithorax on the side
to be treated with 15 to 20° of caudal angulation.
• The intercostal nerves lie in a groove beneath the
rib, and the caudal angulation ensures the needle will
traverse cephalad beneath the rib margin toward the
nerve (Fig. 5).
♦ The intercostal nerves can be blocked anywhere along
their course from the paravertebral region to the anterior
chest wall.
• The intercostal nerve may be blocked close to the paravertebral region.
• The needle is passed approximately 2-3 inches from

Fig. 4. Radiographic anatomy of chest wall and thoracic
spine. Courtesy of Miles Day, MD.
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Fig. 5. Intercostal nerve block under fluoroscopy. Courtesy of Rinoo Shah, MD.
the midline 1 to 2 ribs below the target nerve.

• The needle is directed cephalad and medial. Once the

needle reaches the inferior margin of the rib close to
the transverse process, it should be directed an additional 1–2 mm.
• After the needle positioning is achieved, the contrast
may be injected or local anesthetic with or without
steroid may be injected.
• Paravertebral intercostal nerve blocks not only have
significant vascular absorption, but also epidural
uptake. It has been postulated that the effect of paravertebral nerve block is secondary to epidural blockade.30 This technique is synonymous to paravertebral
thoracic block.
• In comparing plasma lidocaine concentrations after
injection of a fixed small volume in the stellate ganglion,
the lumbar epidural space, or a single intercostal nerve
showed high plasma concentrations of local anesthetic
after stellate ganglion block.
• There were no significant differences in plasma lidocaine concentrations between the single intercostal
nerve group and the lumbar epidural at any time.
• Studies32,33 showed the highest plasma concentrations of local anesthetics after multiple intercostal
nerve blocks using a large dose of local anesthetic
intraoperative settings.
• However, these results may not be applicable to
chronic pain settings where very small doses of local
anesthetics are utilized.

• However, in general absorption of local anesthetics

following intercostal blocks is considered as rapid.34,35
It was also shown that after intercostal nerve blocks
the absorption of bupivacaine is rapid compared with
other techniques for regional anesthesia and results
in relatively high venous and arterial plasma concentrations, especially if a dose of 100 mg or more is
used.34
• However, the study was performed utilizing bupivacaine 5 mL into each of 4 intercostal spaces in
patients undergoing video-assisted thoracic surgery.
• Thus, these results may not be applicable to chronic
pain management even though it provides information about appropriate caution.
♦ Intercostal nerve cryolysis can be achieved under fluoroscopy.36 It is usually performed after a positive diagnostic
test with intercostal nerve block.
• In the closed approach, the skin is anesthetized with
local anesthetic and an introducer is used to create a
track through the tissues, through which the probe in
inserted.
• Using the stimulator, maximum response with minimum current indicates that the tip is lying adjacent
to the target tissue.
• Alternatively, the cryoprobe is placed percutaneously
along the inferior border of the rib and walked underneath the rib until the pain can be reproduced (Fig. 6).
• A cryolesion is then produced, confirmed by the temperature. As the ice-ball cannot be visualized, tempera-
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ture monitoring is the only check on probe function.

♦ Chemical neurolysis is carried out in the same man-

ner described for intercostal nerve blocks using local
anesthetic.
• Once the needle position has been confirmed with the
injection of a small amount of radiographic contrast, the
neurolytic solution is placed.
• A 10% phenol and radiographic contrast allows the
spread of the injectate to be monitored.8
• Injection of 2 to 4 mL of neurolytic solution is usually
sufficient to produce a spread along a 5 to 8 cm segment
of the nerve.
• When intercostal neurolysis is carried out close to
the proximal portion of the rib, the contrast will often
extend to the paravertebral space and extend through
the intervertebral foramen to the lateral epidural
space.
• It is believed that extension of the contrast into the
epidural space is unlikely to cause adverse effects and
may well improve the results of neurolysis.8
♦ Intercostal neurolysis may also be carried out with pulsed
radiofrequency thermoneurolysis as described above.
• The procedure is similar to the intercostal nerve blocks.
A curved tip radiofrequency needle is passed under the
rib close to the vertebra.
• Test stimulation is carried out to avoid motor
stimulation.
• Pulsed radiofrequency lesioning is done around 40°C to
42°C, for 120 seconds.

Smith et al
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Precautions
♦ Relative contraindications to thoracic injections have been

described in patients receiving treatment with nonsteroidal anti-inflammatory medications (especially aspirin)
because of concerns that these agents may compromise
coagulation.37,38
• Raj et al37 provided a detailed description of the role of
anticoagulants in interventional pain management.
• Nonetheless, discontinuing nonsteroidal anti-inflammatory drugs and aspirin is not recommended before
thoracic facet joint interventional techniques.
♦ Prior to thoracic interventions, patients on warfarin therapy should have prothrombin time (PT) checked and documented to be at acceptable levels.
• In stopping anticoagulant therapy, one should take into
consideration the risk/benefit ratio of the procedure
and, prior to a decision to proceed, should also consult
with the physician in charge of anticoagulant therapy.
• It is prudent to advise the patient to contact the physician in charge of anticoagulant therapy and let him/her
make the decision as to when to stop and for how long.
♦ Aspirin and NSAIDS alone are considered safe.38
• However, combination of these drugs or other antiplatelet therapy with clopidogrel (Plavix) or Ticlopidine
(Ticlid) may increase the risk of spinal hematoma.
• Thus, the risk and potential discontinuation should be considered by the physician in charge of antiplatelet therapy.
♦ Caution must be exercised due to proximity to lung and
spinal cord arterial supply.

Side Effects and Complications
♦ Although rare, complications from nerve blocks in the

Fig. 6. Cryoneurolysis of intercostal nerves.

thoracic spine may be serious.34,39,40
• The most common complications of this technique
include those related to the placement of the needle,
and complications related to the administration of various drugs.
• The majority of problems are short lived and self-limited and include local swelling and pain at the site of
the needle insertion, as well as pain in the thoracic spine
and chest wall.
♦ Complications may include pneumothorax, dural puncture,
spinal cord trauma, subdural injection, neural trauma, and
hematoma formation; infectious complications including
abscess and bacterial meningitis; and side effects related to
the administration of steroids, local anesthetics, and other
drugs.
• Potential complications are listed in Table 1.
♦ Minor complications include lightheadedness, flushing,
sweating, nausea, hypotension, syncope, pain at the injection site as described earlier, and nonpostural headaches.
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♦ Side effects related to the administration of steroids are
generally attributed to the chemistry, or to the pharmacology, of the steroids.39
• The major theoretical complications of corticosteroid

administration include suppression of pituitary-adrenal
axis, hypocorticism, Cushing’s syndrome, osteoporosis,
avascular necrosis of bone, steroid myopathy, epidural lipomatosis, weight gain, fluid retention, and hyperglycemia.

Table 1. Potential complications of intercostal nerve blocks.
Pain

♦ Pain at the site of the needle insertion
♦ Exacerbation of existing pain
♦ Pain in the spine

Infection

♦ Soft tissue abscess
♦ Abscess
♦ Meningitis
♦ Encephalitis

Bleeding

♦ Soft tissue hematoma

♦ Spinal hematoma
♦ Nerve root sheath hematoma

♦ Epidural injection
♦ Intravascular injection

Trauma

Radiofrequency

♦ Soft tissue
♦ Medial branch
♦ Nerve root
♦ Spinal cord
♦ Pneumothorax

Inadvertent injection
♦ Dural puncture
♦ Subdural injection

♦ Nerve root ablation
♦ Dysesthesias
♦ Allodynia
♦ Hypoesthesia

Local anesthetic effects
Steroid effects

Key Points
1. The intercostal nerve supplies sensation to the thorax and abdomen and consequently can cause chronic thoracic and
abdominal pain.
2. The intercostal nerves arise from the anterior primary rami of the 1st through 12th thoracic nerve roots.
3. The thoracic nerve root exits the intervertebral foramen and ramifies into anterior and posterior branches; the anterior
branch forms the intercostal nerve.
4. The intercostal nerves traverses laterally to lie in the subcostal groove, in close proximity to the intercostal vein and artery,
just superior to the nerve.
5. Intercostal nerve blocks are performed with local anesthetic, with or without fluoroscopy.
6. Intercostal neurolysis is carried out under fluoroscopy utilizing chemical agents, cryoneurolysis, or pulsed radiofrequency
thermoneurolysis.
7. Pneumothorax is a common complication with intercostal nerve blocks.
8. Inadvertent intravascular injection of local anesthetic or high levels of absorption of local anesthetic are common.
9. The local anesthetic injected in the paravertebral region to block the intercostal nerves or other agents may be found in
the epidural space.
10. Appropriate precautions must be exercised.
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Bonica1 described ilioinguinal and iliohypogastric blocks
in 1949. Magee2 described the neuropathy of ilioinguinal and
iliohypogastric nerves. Stulz and Pfeiffer3 described painful
ilioinguinal and/or iliohypogastric nerve entrapment following common surgical procedures like appendectomy, repair of
inguinal hernia. and gynecological procedures.
Pain originating from iliohypogastric, ilioinguinal, and
genitofemoral nerves is a common problem. It is noted that
approximately 700,000 inguinal hernia repairs are performed
annually in the United States alone.4 While inguinal hernia
repair is a safe and routinely performed procedure, chronic
postoperative inguinal pain can be occasionally devastating.
Pain secondary to ilioinguinal, iliohypogastric, and genitofemoral nerves is managed with interventional techniques,
including ilioinguinal, iliohypogastric, and genitofemoral nerve
blocks and neurolysis. Innervation of the inguinal region is
from T11 to L2 roots that form the peripheral nerve branches and may be damaged or entrapped by staples or mesh
during surgical repair.5,6 It has been reported that chronic
pain following inguinal herniorrhaphy is variable from 0%
to 53% of cases.7 It has also been described that inguinal
neuropathy is an under-recognized etiology of pelvic pain
that is frequently misdiagnosed with alternative etiologies
of pelvic pain.8 Further, ilioinguinal nerve entrapment syndrome has been described by compression of the ilioinguinal
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nerve as it passes through the transverse abdominis muscle
at the level of the anterior superior iliac spine.9 The most
common causes of compression of the ilioinguinal nerve are
at the anterior superior iliac spine involving injury to the
nerve induced by trauma, including direct blunt trauma to
the nerve, as well as damage during inguinal herniorrhaphy
and pelvic surgery.
Similar to ilioinguinal neuralgia, iliohypogastric neuralgia may also cause groin pain. Further, the iliohypogastric
nerve may interconnect with the ilioinguinal nerve along
its course, resulting in variation of the distribution of the
sensory innervation of the iliohypogastric and ilioinguinal
nerves, causing inguinal pain, groin pain, and pelvic pain
which cannot be differentiated from each other. Similarly,
genitofemoral neuralgia is one of the most common causes
of lower abdominal and pelvic pain.10 Genitofemoral neuralgia may be caused by compression of or damage to the
genitofemoral nerve during its course. Waldman10 reported
the most common causes of genitofemoral neuralgia involve
injury to the nerve induced by trauma, including direct
blunt trauma to the nerve, as well as damage during inguinal herniorrhaphy and pelvic surgery. However, spontaneous
neuralgia of ilioinguinal, iliohypogastric, or genitofemoral
nerves is extremely rare.
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Indications
♦ Ilioinguinal, iliohypogastric, and genitofemoral

nerve blocks are indicated in acute and chronic pain
management.
♦ Indications for ilioinguinal, iliohypogastric, and
genitofemoral nerve blocks are similar:
• Ilioinguinal neuralgia
• Iliohypogastric neuralgia
• Genitofemoral neuralgia
• Groin pain
• Inguinal pain
• Pelvic pain
• Postherpetic neuralgia
♦ Contraindications are as follows:
• Anticoagulant therapy
• Antiplatelet therapy
• Needle phobia
• Infection

Clinical Applications
Diagnosis

♦ Ilioinguinal neuralgia (T12 to L1) is characterized by

burning pain through the lower abdomen radiating to
the superior medial thigh and to the scrotum or labia
majora.11
• Occasionally numbness over the lower abdomen eextending to the scrotum or labia and sometimes into the
inner upper thigh may be reported.
• However, the pain does not radiate below the knee.9
• The pain of ilioinguinal nerve entrapment syndrome is
made worse by extension of the lumbar spine, by means
of producing traction on the nerve.9 Consequently,
patients suffering from ilioinguinal nerve entrapment
syndrome often assume a bent-forward novice skier’s
position.
• Untreated, the ilioinguinal nerve entrapment may
result in progressive motor deficit consisting of weakness and bulging in the anterior abdominal wall muscles, which may be confused with inguinal hernia.9
• Physical findings include sensory deficit in the inner
thigh, scrotum, or labia in the distribution of the ilioinguinal nerve.
• Further, weakness of the anterior abdominal wall
musculature may be present. A positive Tinel’s sign

may be present in which the pain may be reproduced
by tapping the affected area or extending the hip and
thigh.
• Ilioinguinal neuralgia may be differentiated from lumbar plexopathy, lumbar radiculitis, and diabetic polyneuropathy by electromyography.
• While the injection technique will serve as a diagnostic test, plain radiographs of the hip and pelvis,
MRI, and other testing may be required.9
♦ Iliohypogastric presentation is similar to ilioinguinal pain.
♦ Genitofemoral neuralgia manifests as paresthesias, burning pain, and occasionally, numbness over the lower abdomen which radiates into the inner thigh and into the labia
majora in women and the bottom of the scrotum and
cremasteric muscles in men.10
• The pain however does not radiate below the knee.
• The pain of genitofemoral neuralgia is made worse by
extension of the lumbar spine, similar to ilioinguinal
neuralgia, by producing traction on the nerve.10
♦ Waldman9 describes that patients with genitofemoral
neuralgia will often assume a bent-forward novice skier’s
position.
• Physical findings include sensory deficit in the inner
thigh, base of the scrotum, or labia majora in the distribution of the genitofemoral nerve.
• Occasionally, weakness of the anterior abdominal
wall musculature may be present.
• A Tinel’s sign may be elicited by tapping over the
genitofemoral nerve at the point it passes beneath
the inguinal ligament.10
• However, others report that a Tinel’s sign cannot be
elicited.11
Effectiveness

♦ Sippo and Gomez12 described nerve entrapment syndrome

due to lower abdominal surgery like inguinal herniorrhaphy, appendectomy, and other procedures.
• Most patients had relief of symptoms following serial
injections of ilioinguinal/iliohypogastric nerves.
♦ Ghia et al13 described placement of indwelling catheter for
repeated injection of local anesthetics for management of
chronic pain syndrome.
♦ Rozen and Parvez11 reported 5 cases with chronic inguinal pain with treatment with pulsed radiofrequency, with
relief lasting over 6 months.
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Anatomy
Ilioinguinal Nerve

♦ The ilioinguinal nerve is the branch of the L1 nerve root

with a contribution from T12 in some patients.8
• The nerve follows a curvilinear course that takes it from
its origin of the L1 and occasionally T12 somatic nerves
to inside the concavity of the ileum (Fig. 1).
♦ The ilioinguinal nerve continues anteriorly to perforate
the transverse abdominis muscle at the level of the anterior
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superior iliac spine (Fig. 1).8
• The nerve may interconnect with the iliohypogastric
nerve as it continues to pass along the course medially
and inferiorly where it accompanies the spermatic cord
through the inguinal ring and into the inguinal canal.
• Consequently, the distribution of the sensory innervation of the ilioinguinal nerve is variable due to the
overlap and interconnections with the iliohypogastric
nerve.
• The sensory innervation of the ilioinguinal nerve
includes the upper portion of the skin of the inner thigh,
root of the penis, and either upper scrotum in men or
the mons pubis and lateral labia in women.8

Fig. 1. Nerves of male external genitalia illustrating ilioinguinal, iliohypogastric, and genitofemoral nerves.
Netter medical illustration used with permission of Elsevier. All rights reserved.
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Iliohypogastric Nerve

Technique

♦ The iliohypogastric nerve is a branch of the L1 nerve root

It is essential to understand anatomic relations as described
in Fig. 1 and also the bony pelvis and radiographic anatomy.
Fig. 2 illustrates the bones and ligaments of the pelvis.
Fig. 3 illustrates a radiograph of the male pelvis.
Fig. 4 illustrates the inguinal region of the abdominal
wall showing the various relationships between bony and soft
tissues.

with a contribution from T2 in some patients.14
• Similar to the ilioinguinal nerve, the iliohypogastric
nerve follows a curvilinear course that takes it from
its origin of L1 and T12 to inside the concavity of the
ilium (Fig. 1).
♦ The iliohypogastric nerve continues anteriorly to perforate
the transverse abdominis muscle to lie between it and the
external oblique muscle.14
• After the perforation of the transverse abdominis muscle, the iliohypogastric nerve divides into an anterior
and lateral branch.
• The lateral branch provides cutaneous sensory innervation to the posterolateral gluteal region, whereas the
anterior branch provides cutaneous sensory innervation to the abdominal skin above the pubis.
♦ As described in the course of the ilioinguinal nerve, the
iliohypogastric nerve may interconnect and provide significant variation in the distribution of the sensory
innervation.
Genitofemoral Nerve

♦ The genitofemoral nerve arises from fibers of the L1 and

L2 nerve roots (Fig. 1).10
• However, it may receive a contribution from T12 in
some patients.15
• The nerve follows a curvilinear course that takes it from
its origin of the L1 and occasionally T12 and L2 somatic nerves to inside the concavity of the ileum.9,15
• The genitofemoral nerve passes through the substance of the psoas muscle and divides into genital
and femoral branches, with the femoral branch passing beneath the inguinal ligament, along with the
femoral artery in providing sensory innervation to
a small area of the skin on the inside of the thigh.
The genital branch passes through the inguinal canal,
providing innervation to the round ligament of the
uterus and labia majora in women and innervating
the cremasteric muscles and providing sensory innervation to the bottom of the scrotum in men.

Ilioinguinal Nerve Block

♦ The procedure is performed with or without fluoroscopy

with the patient in supine position.
• The anterior superior iliac spine is identified.
• Under sterile preparation, a 1½- to 2-inch, 25- or 22gauge needle is advanced with a starting point approximately 2 inches medial and 2 inches inferior to the
anterior superior iliac spine.
• The needle is advanced at an oblique angle toward the
pubic symphysis (Fig. 5).
• Paresthesia may be elicited and pain may be
reproduced.
♦ At this point, with negative aspiration, a small amount of
nonionic contrast may be injected to identify the location
or it may be added to the local anesthetic to observe under
fluoroscopy.
• Five to 10 mL of 1% preservative-free lidocaine is
injected in a fanlike manner as the needle pierces the
fascia of the external oblique muscle.
• For the second diagnostic block and also for therapeutic
blocks, bupivacaine is utilized.
• Steroid may be added, however, there is no evidence of
improvement in the relief with addition of steroid.
• Caution must be exercised not to place the needle too
deep and enter the peritoneal cavity and perforate the
abdominal viscera.
• A steroid may be added to reduce inflammation. However, the benefit has not been proven.
• Due to overlap in innervation of ilioinguinal and iliohypogastric nerves, both nerves may be blocked while
performing either ilioinguinal nerve block or iliohypogastric nerve block.
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Fig. 2. Illustration of the bones and ligaments of the pelvis.

Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 3. Illustration of radiograph of the male pelvis.
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Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 4. Illustration of inguinal region of the abdominal wall.

Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 5. Illustration of ilioinguinal nerve block.

Reproduced from Waldman SD.9 Ilioinguinal nerve entrapment syndrome. In: Atlas of Pain Management Injection Techniques, Second
Edition. Saunders Elsevier, Philadelphia, PA, 2007; pp 404-407.

Iliohypogastric Nerve Block

♦ Iliohypogastric nerve block may be performed with or

without fluoroscopy with the patient in supine position,
similar to ilioinguinal nerve block.
• Appropriate sterile preparation is carried out and with
identification of anterior superior iliac spine, the needle
is inserted at a point one-inch medial and one-inch
inferior to the anterior superior iliac spine (Fig. 6).
• A 22- or 25-gauge, needle 1½ to 2 inches in length,
may be used, which is advanced at an oblique angle
toward the pubic symphysis. At this time, either
nonionic contrast may be injected or it may be mixed
with lidocaine.
• Five to 10 mL of 1% preservative-free lidocaine is
injected in a fanlike manner as the needle pierces the
fascia of the external oblique muscle.
• For the second diagnostic block and also for therapeutic blocks, bupivacaine is utilized.
• Steroid may be added, however, there is no evidence of improvement in relief with addition of
steroid.
• Care must be taken not to place the needle too deep and
enter the peritoneal cavity and perforate the abdominal
viscera.

• Similar to ilioinguinal nerve block, the ilioinguinal
•
•
•
•

nerve may be blocked during iliohypogastric nerve
block.
Following this, pain may be reproduced or paresthesia
may be illustrated.
At this time, nonionic contrast, with or without local
anesthetic, may be injected.
With negative aspiration, 3 to 5 mL of 1% lidocaine is
injected, with or without steroid, in a fanlike manner as
the needle pierces the inguinal ligament.
Care must be taken not to place the needle too deep
and thereby enter the peritoneal cavity and perforate
the abdominal viscera.

Genitofemoral Nerve Block

♦ The genitofemoral nerve block may be performed with

or without fluoroscopy in supine position under sterile
preparation.
• The anterior superior iliac spine, femoral artery and
femoral vein, and the pubic tubercle are identified.9
• A 25- or 22-gauge, 1½- to 2-inch long needle is
advanced just lateral to the pubic tubercle at an oblique
angle toward the pubic symphysis (Fig. 7).
♦ Approximately 3-5 mL of 1% preservative-free lidocaine
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Fig. 6. Illustration of iliohypogastric block. Netter medical illustration used with permission of Elsevier. All rights reserved.

with or without steroid is injected in a fan-like manner as
the needle pierces the inguinal ligament.
• Care must be taken not to place the needle too deep
and thereby enter the peritoneal cavity and perforate
the abdominal viscera.10
♦ The femoral branch of the genitofemoral nerve is blocked
by identifying the middle third of the inguinal ligament.

• With appropriate preparation of the skin, 3-5 mL of

1% lidocaine is infiltrated subcutaneously just below the
ligament with or without steroid (Fig. 7).
• Once again care must be taken not to enter the femoral
artery or vein or inadvertently block the femoral nerve.
• The needle must be kept subcutaneous as too deep
placement may allow the needle to enter the perito-
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Fig. 7. Illustration of genitofemoral nerve block.

Reproduced from Waldman SD.10 Genitofemoral nerve entrapment syndrome. In: Atlas of Pain Management Injection Techniques, Second
Edition. Saunders Elsevier, Philadelphia, PA, 2007; pp 408-411.

neal cavity and perforate the abdominal viscera and
not block the femoral branch of the genitofemoral
nerve.

• Complications of this technique are similar to the above

described technique as it essentially involves the same
procedure.

Iliac Crest Block

Precautions

♦ Iliac crest block is performed to block ilioinguinal, iliohy-

♦ Appropriate precautions must be taken not to pierce

pogastric, and genitofemoral nerves at one time by injecting the solutions in a fan-like fashion utilizing the same
technique as described separately for ilioinguinal, iliohypogastric, and genitofemoral nerves.

the peritoneum, enter blood vessels, or directly enter the
nerve.
♦ Appropriate caution must be exercised in patients on anticoagulant therapy and nonaspirin antiplatelet therapy.16,17
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Side Effects and Complications
♦ Ilioinguinal, iliohypogastric, and genitofemoral nerve
blocks are extremely safe and successful.
• However, complications occasionally are unavoidable.

• Complications include hematoma formation, infection,

entering the peritoneal cavity which may result in intraabdominal abscess or fistula, intravascular injection, and
neural trauma.

Key Points
1. The painful syndromes resulting from the pathology of ilioinguinal, iliohypogastric, and genitofemoral nerves are
common.
2. Ilioinguinal, iliohypogastric, and genitofemoral nerves are branches of T12, L1, and L2 nerves.
3. Ilioinguinal, iliohypogastric, and genitofemoral nerves are useful in alleviating pain of the inguinal region, groin, and
pelvis.
4. Pain of ilioinguinal, iliohypogastric, and genitofemoral neuralgia is diagnosed by clinical symptoms and physical signs.
5. The diagnosis of ilioinguinal, iliohypogastric, and genitofemoral neuralgia may be confirmed by diagnostic blocks.
6. Therapeutic long-lasting relief may be obtained with local anesthetic blocks, pulsed radiofrequency, or cryoneurolysis.
7. Appropriate precautions must be observed in patients on anticoagulant therapy and nonaspirin antiplatelet therapy.
8. Complications include hematoma formation, infection, entry into the peritoneal cavity, and intravascular injection and
neural trauma.
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Interventions in Managing
Male Pelvic Pain

25

Stanley J. Antolak, Jr., MD

Chronic male pelvic pain confounds many physicians.
Attention is typically focused on somatic processes such as
inflammatory prostatitis, inguinal hernia, or varicocele. The
potential of a neuropathic basis for the pain must be considered. The pain clinician should be aware of nociceptive
processes in male pelvic pain — multiple peripheral neuropathies that are often predominant issues. The diagnosis
and treatment of these neuropathies are complicated by
multiple, overlapping sensory fields. Complaints that appear
to be inexplicable, untreatable pain should not be attributed
to somatization by the patient. The frustrating conundrum
of chronic pelvic pain (CPP) can be resolved. Pelvic neuropathies include a variety of pain and organ dysfunction
symptoms. Secondary symptoms produced by neuroplasticity or spinal cord windup may include overstimulation
of the autonomic nervous system, adding to confusion of
both patient and clinician. This chapter concentrates on the
peripheral neuropathies of the male pelvis in the absence
of somatic, organ-based pain associated with chronic pelvic
pain syndrome (CPPS).
The National Institutes of Health (NIH) assembled a
group of urological leaders in a major effort to clarify the
problems of CPP. They defined CPPS as “lower genitourinary symptoms, particularly pain in the perineum or genitalia, voiding symptoms, such as dysuria or frequency, and
sexual dysfunction…” 1
The European Association of Urology calls this symptom complex the “Prostate Pain Syndrome.”2 After focus-

ing significant research on the prostate gland as a major pain
generator, the conclusion was reached that “patients with the
CPPS have dismal quality of life and many have benefited only
minimally from…therapy.”3
Many authors voice opinions similar to Zermann et al 4
who wrote “…by far the majority of… pelvic pain syndromes
remain unexplained by existing theories.”
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Clinical Applications
Diagnosis

♦ Somatic, organ-based, pelvic pain is generally evaluated

and treated by urologists.
• Examination includes palpation of the testis, epididymis, vas deferens, and inguinal ring.
• Organ disease is suggested when squeezing of these
structures reproduces subjective pain.
• Postvasectomy pain may be due to a sperm granuloma
in the spermatic cord or epididymis. 5
• Varicocele is an uncommon cause of chronic scrotal
pain.
• Spermatoceles and hydroceles rarely cause chronic
pain.
• Surgeons should avoid exploration for inguinal hernia in
men with inguinal and scrotal pain and observe for many
months. 6
♦ Perineal pain may be a complaint in men with inflammatory or bacterial prostatitis.
• To diagnose inflammation, prostate secretions, seminal fluid, or postprostate massage urinalysis should be
evaluated for white blood cells.
• In the absence of inflammation, antibiotic therapy is
not warranted and a diagnosis of prostatitis should not
be made. 7
• Only about 5% of men with CPP have inflammatory
or bacterial prostatitis.
• Pudendal neuropathy is common in men given an
unsubstantiated diagnosis of prostatitis.
• The issues called pelvic floor tension myalgia or myofascial pain need clinical clarification.
♦ Testicular pain may be caused by chronic inflammation
and should be evaluated similarly to prostatitis.
• Atrophic testes secondary to trauma, mumps orchitis,
and surgical vascular accident are often painful and may
require orchiectomy.
♦ Men with CPPS may present with a variety of pains: low
abdominal, suprapubic, inguinal, crural, scrotal, penile,
urethral, perineal, anal, coccygeal and “deep” pelvic pains.
• The character varies from knife-like, sharp pains to dull,
aching quality or throbbing, and other types.
• Several neuropathies may be responsible for the
symptoms:
• Abdominal cutaneous
• Iliohypogastric

Ilioinguinal
Genitofemoral
Pudendal
Middle cluneal (the back mouse or episacroiliac
lipoma).
♦ Early analysis of 96 males in author’s practice treated in
2005 indicated that 13% responded to self-care.
• About 60% had pain control following pudendal nerve
perineural injections (PNPI).
• Approximately 30% proceed to decompression
surgery.
• There is pain control in about 70% of these men
postoperatively.
• Treatment for persistent postoperative pain includes
PNPI.
• Sympathetically-maintained pain may be reduced using
an epidural infusion of bupivacaine with a late, concurrent intravenous infusion of ketamine.
• Early results include reduced pain or voiding symptoms for up to 4 weeks following the treatment.
•
•
•
•

Pelvic Neuropathies
Pudendal Neuropathy

♦ Pudendal neuropathy is the major cause of neuropathic

pelvic pain.
• Robert et al8 described it as perineal pain that is aggravated by sitting, reduced by recumbence, and relieved
by sitting on a toilet seat.
• In actuality, the pains are much more widespread and
bladder, bowel, and sexual dysfunction may occur.
Organ dysfunction often precedes pain.
♦ Screening questions should include:
• Is your pain aggravated by sitting and driving?
• Is the pain reduced by standing, recumbence, or sitting
on the toilet?
• Does underclothing aggravate the pain? (Allodynia is a
characteristic sign of neuropathy).
• These symptoms suggest pudendal neuropathy.
• Then patients are asked about symptoms of bladder,
bowel, and sexual dysfunction.
• Hyperstimulation or inhibition may occur; e.g.,
some patients may have urinary hesitancy or retention while others have irritable bladder of interstitial
cystitis, and some patients with pudendal neuropathy
have no voiding complaints.
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Anatomy and Pathophysiology
♦ The pudendal nerve is a mixed nerve with 3 main branch-

es: dorsal nerve of the penis, perineal nerve, and inferior
rectal nerve (Figs. 1-3).
• Pathophysiology correlates with the restricted pathway of
the pudendal nerve between the sacrospinous and sacrotuberous ligaments and the proximity of the ischial spine.
• Compression may occur in the pudendal canal
(Alcock’s canal).

Fig. 1. Nerves of pelvic viscera: male.
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• In bicyclists, the penile branch may be compressed at

the pubic arch.

♦ Because compression sites are not consistent in patients

with pudendal neuropathy, any branch or all branches may
be affected, with daily variations in sensory, motor, and
autonomic symptoms.
• Neuropathy appears to include neuropraxia, axon damage, and demyelinization, and is associated with denervation and reinnervation.9,10
• Pathologic specimens of damaged pudendal nerves

Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 2. Nerves of perineum: male.

Netter medical illustration used with permission of Elsevier.
All rights reserved.

are unavailable.

• Because of variable sites and degree of injury/com-

pression, clinicians should expect pudendal neuropathy to have protean manifestations.
♦ The etiology in males is typically secondary to repetitive
microtrauma to the nerve from common physical activities including high school sports and adult exercise.11
• Flexion of the hip from jogging, ab-crunches, cycling,
leg presses, etc., commonly induce pudendal neuropathic pains.
• Sitting for long hours at work, driving, or on transoceanic air flights are identified causes.
• Straining from chronic constipation is a common
cause.
• Trauma and radiation may lead to pudendal
neuropathy.
♦ Examination of sensory testing with pinprick often identifies hyperalgesia or hypalgesia or analgesia in one or more

Fig. 3. Innervation of male reproductive organs: schema.

Netter medical illustration used with permission of Elsevier.
All rights reserved.

branches of the pudendal distribution (glans, posterior
scrotum, posterior perianal skin).
• Pressure on the pudendal nerve medial to the ischial
spine may reproduce subjective pains (the Valleix phenomenon). 12
Neurophysiological Testing

♦ Neurophysiological tests are available to confirm the clini-

cal diagnosis.
• Two useful tests are the quantitative sensory test called
warm detection threshold (WDT)13 and the pudendal
nerve terminal motor latency test (PNTMLT).10 Each
is simple to perform.
• The WDT is sensitive, being elevated in over 90% of
patients. The test is useful for measuring other neuropathies.14 A prolonged PNTMLT is absolutely specific
but is abnormal in only 40% of patients.
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Treatment

♦ Pudendal neuropathy is a tunnel syndrome. 15

• It is treated in a manner analogous to carpal tunnel

syndrome; namely, splinting, injections, and surgical
decompression.
♦ Sequential treatment of pudendal neuropathy is as
follows:
• Self-care, a nerve protection program.
• Restrict sitting.
• Use a perineal suspension pad to prevent pressure on
the perineum. The body weight is supported by the
ischial tuberosities.
• Avoid bending, squatting, and lifting.
• Cease hip flexion exercise.
• Amitriptyline 10 to 50 mg at hs.
• 	PNPI using bupivacaine and betamethasone.
• Series of 3 at one-month intervals
0 Two at ischial spine
0 One into pudendal canal (Alcock’s canal).
• Surgical decompression via transgluteal approach.
♦ Physical examination is the major method of diagnosis.
• Pinprick sensation is a rapid means of confirming suspected neuropathy.
• Few neurophysiologic tests are available to the practicing physician for objective confirmation (vide supra).
♦ PNPIs have shown good results in personal experiences.
• Fig. 4 illustrates gradual reduction of symptom scores
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following 3 sets of bilateral pudendal nerve blocks.

• Amarenco et al16 reported long-term pain relief with

pudendal nerve blocks in patients failing to respond
to multiple interventional techniques including facet
blocks, sacroiliac joint blocks, trigger point injections,
ganglion impar blocks, and hypogastric plexus blocks.
♦ As with any neuropathy, confounding adjacent neuropathies must be addressed. Ilioinguinal and iliohypogastric
neuropathies and the Maigne syndrome may cause vexatious aggravation of pudendal symptoms (see below).
Technique of Transgluteal Pudendal Nerve Blocks

♦ Several methods are available for PNPIs.

CT-guided blocks17, 18
Ultrasound-guided blocks19
Nerve stimulation-guided blocks20
Fluoroscopically-guided methods.
The author uses a simple, rapid, and effective fluoroscopic approach as demonstrated by Dr. Maurice Bensignor in Nantes, France.21,22
• Two injections are given at the ischial spine at onemonth intervals.
• A third is given into the Alcock’s canal by an interventional radiologist using CT guidance.
• Fig. 5 is an AP radiograph of the male pelvis. Oblique
position is used during fluoroscopy to visualize the
•
•
•
•
•

Fig. 4. Response to 3 PNPIs at weeks 0, 5, and 9 remains durable at one year. This 22-year-old male had seen 11
urologists and had multiple evaluations for organ-based processes. Abnormal warm detection threshold and pudendal
nerve terminal motor latency test confirmed the pudendal neuropathy. The response is durable at 27 months.
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Fig. 5. Radiographic image of male pelvis.

Netter medical illustration used with permission of Elsevier. All rights reserved.

ischial spine (Fig. 6B).

♦ The procedure is performed without sedation.

• With the patient in the prone position, a foam wedge is

used to elevate the ipsilateral hip to about 35 degrees.
• Fluoroscopy is used to identify the tip of the ischial
spine.
• The skin is marked over that site (Fig. 6A).
• The pudendal nerve is usually immediately medial to
the tip of the ischial spine; however its position may
vary as much as 2.5 cm.21
• The skin is prepped with povidone iodine. Lidocaine
1% is infiltrated in the skin and subcutaneous fat.
• A 21-gauge, 4.5-inch needle or a 22-gauge, 3.5- or 5inch needle is “popped” through the skin and slowly
advanced until the bone of the ischial spine is softly
touched (the approximate nerve depth).
• The depth is marked by fixing the ring finger to the
needle at the skin level (Fig. 6D).
♦ The needle is retracted 2-3 cm and guided medially.
• Most often the needle engages the sacrotuberous ligament 8 to 12 mm posterior to the nerve level.
• Traverse of the needle through the sacrotuberous
ligament may be slightly painful.
• Immediately after traversing this ligament, warn the
patient that he may experience rectal, perineal, or
scrotal pain.
• The distance of the ring finger on the needle from
the skin is the best means of gauging when the nerve

will be stimulated.

♦ The needle is retracted at the time that pudendal sensa-

tions are stimulated. (Figs. 6C and 6D).
• The syringe with 6 mL of bupivacaine 0.25% without epinephrine and one mL (6 mg) betamethasone is
attached and aspirated.
• If there is no bleeding, the mixture is slowly infiltrated while the needle is slowly advanced.
• If bleeding occurs, a second site is used about 2 cm
distal to the first.
• Extreme caution is necessary to avoid intravascular
injection of the medications.
♦ The patient is evaluated 2 hours after the pudendal nerve
block and asked to compare pain levels before and after the
block (0 to 10 scale).
• Pinprick examination of the 3 pudendal nerve branches
bilaterally indicates the adequacy of the block.
• Symptom scores are reviewed.
• The National Institutes of Health Chronic Prostatitis
Symptom Index (NIH-CPSI) is a validated score available in many languages. 23
• It is simple, rapidly completed, and can be used
weekly to monitor symptoms.
• Voiding symptoms are monitored using the American Urological Association Symptom Index (AUASI). 24
• These symptom scores will identify both successes
and failures of treatment efforts.
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A. Using fluoroscopy to identify the tip of the right ischial
spine. Ipsiliateral hip elevated about 30 degrees.

C. Needle is moved medially, penetrates S-T ligament,
and is advanced to rectal paresthesias at level of ring
finger. See arrow 6D.

Fig. 6. Technique of transgluteal pudendal nerve block.
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B. Instrument over ischial spine.

D. The ring finger is held at the depth of the ischial
spine while the needle is passed more medially until
rectal paresthesias occurs. After aspiration demonstrates no blood, the anesthetic/corticosteroid mixture
is slowly injected.
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Complications of PNPI

• Duration of pain and severity of pain on symptom

♦ The local anesthetic may spread to the sciatic nerve and

cause weakness of leg muscles for one to 2 hours. Wheelchair support is recommended.
• Penetration of the nerve by the injection needle is suggested by an immediate, sharp pain as the needle nears
the expected pathway of the nerve.
• This is identified in about 0.1% of injections.
• Several weeks may pass before the pain is reduced.
• Pain “flares,” or exacerbation of neuropathic symptoms,
occur in about 5% of patients.
• The onset is typically one or 2 days following the
block.
• Pain flares may last a few days or one to 2 weeks.
• Intravascular injection is to be avoided.
• Rarely are new symptoms reported following PNPI in
males.
• Urinary incontinence may occur in females for a few
hours.
• It is not common in males except after radical prostatectomy where the internal sphincter is typically not
functional.
• Steroid side effects are infrequent.

Results of PNPI

♦ Results of interventional therapy of male pelvic pain are
difficult to predict for several reasons.
• The severity of pudendal neuropathy cannot be gauged
by clinical methods.

scores typically have a direct correlation with treatment
results.
• There is no practical imaging available to guide the
clinician.
• A prolonged PNTMLT suggests more damage.
• Inflammation from exercise trauma may respond well
to a self-care, nerve protection program without the
need for interventional therapy (Fig. 7).
♦ The longest measured response to PNPI is 6 years. An
entrapped nerve, identifiable only at surgery, may have a
diagnostic response to perineural blocks but will not have
a durable therapeutic response.
• Failure of therapeutic response to blocks is the indication to proceed to pudendal nerve decompression
surgery.
• At surgery, patients who failed pain control with
PNPI typically have severe nerve compression, often
proximal to the typical injection site at the ischial
spine.
• Occasionally, at surgery, the nerve may be atretic,
pale, or discolored, suggesting ischemia.
♦ When a long therapeutic response to PNPI occurs (2 to 24
months), a repeat series of PNPIs can provide prolonged
pain relief (Fig. 8).
♦ Successful control of pudendal neuropathy using PNPI:
• Pain relief rarely follows one or 2 PNPI. Fig. 4 illustrates gradual reduction of symptom scores following 3
PNPIs.
• The young man remains pain-free over 36 months after
the third PNPI.

Self Care Results, n=16
Av NIH-CPSI @cons 25.3
@ 1 mo. 15; Durable > 7 years

Fig. 7. Symptom score results after a self-care, nerve
protection program. Return to normal activity is
possible.

Fig. 8. Changes in NIH-CPSI symptom scores after 2 series of 3
bilateral PNPIs in 2001-2002 and 2004-2006. The man
remains asymptomatic over 3 years after the third block in series 2.
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• Our longest case is from a previous clinic association.
• Six years after 3 bilateral pudendal nerve blocks, a

56-year-old man remains pain-free, voids without a
catheter, and has no obstructed defecation.
• He had presented with 7 years of pain, retention of
urine for 3 years, impotence, and progressive obstructed defecation.
♦ Pain control may not occur until weeks after the third
PNPI (Fig. 9).
• This patient had a dramatic reduction in pain 5 weeks
after the third PNPI.
• She remains pain-free at 15 months except for one pain
exacerbation caused by a breast biopsy.
♦ Failure to control pain using PNPI suggests nerve compression or entrapment.
• Surgical exploration is recommended with decompression of the nerve. PNPI may fail to control pain
or pain control may be of short duration, a “diagnostic”
response.
♦ The use of PNPI was successful in providing long-term
pain relief16 when multiple previous interventional techniques had failed, including: facet blocks, sacroiliac joint
blocks, “trigger point” injections, ganglion impars blocks,
and hypogastric plexus blocks.
• Re-evaluation of the use of these blocks should be
undertaken in patients with CPP and correlated with
the patient’s symptoms and the possibility of pudendal
neuropathy.
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Abdominal (Anterior) Cutaneous Nerve Entrapment
(ACNE)

♦ ACNE will obfuscate the clinical evaluation when ingui-

nal or suprapubic pains are a clinical complaint.
• Recognition of this problem and treatment with local
anesthetic blocks may be diagnostic and curative. 25
• ACNE is suspect when abdominal pains are a
complaint.
• Slight pressure at the rectus border from the costal
margin to the pubis will identify painful sites that may
require treatment.
♦ The etiology appears to be compression or stretch.
• Thoracoabdominal nerve entrapment, a diagnosis made
in pregnancy, also occurs in both genders unrelated to
pregnancy.
• The thoracic and lumbar innervations of the lower
abdominal/pelvic wall are common pain generators.
Because the majority of these patients are overachieving exercisers, it is likely that the ab-crunches, sit-ups,
machines, and other exercise activities of modern society are etiologic factors.
♦ Treatment with one or more nerve blocks (lidocaine and
bupivacaine) can often eliminate these pain sources.
• Steroids can be used. One wonders about the use of
cryoablation in cases of persistent pain (Fig. 10).
Ilioinguinal, Iliohypogastric and Genitofemoral Nerves

♦ Ilioinguinal, iliohypogastric, and genitofemoral nerves have

complex anatomical variations and interdigitate with one
another (Fig. 11).26
• Their sensory fields project into the pudendal territory
in the suprapubic, inguinal, and crural areas. At examination, pressure at the external ring identifies tender
nerves that reproduce subjective pains.

Fig. 9. Response to PNPI was delayed until the fifth week
after the third injection. The patient underwent breast
surgery and the pain response to stress is evident during the
fifteenth month. The patient was symptom-free without
further intervention. Scores are measured using a “female
version” of the NIH-CPSI that only substitutes gender appropriate anatomical terms.

Fig. 10. Infiltrating several abdominal cutaneous nerves
at the border of the left rectus muscle.
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Fig. 11. Nerves of male external genitalia illustrating ilioinguinal, iliohypogastric, and genitofemoral nerves.
Netter medical illustration used with permission of Elsevier. All rights reserved.

• Rolling the examining finger superior to the spermatic

cord defines the iliohypogastric nerve. Below the cord is
the ilioinguinal nerve.
♦ The etiology of ilioinguinal and iliohypogastric neuropathies is challenging to identify except in those cases that
occur after a surgical incision in that region.
• We have never found a herniated disc of the thoracolumbar spine in these patients.
• Occasionally one can demonstrate on MRI a
mild thoracolumbar scoliosis but without nerve
impingement.
• Some patients have extension of cutaneous hyperal-

gesia to the paraspinal region, suggesting the Maigne
syndrome.27
• Cellulalgia may be found.
♦ Treatment of ilioinguinal and iliohypogastric neuropathies is accomplished with infiltration above and below
the pubic tubercle.
• Local anesthetic agents with or without corticosteroids
may be used. Such infiltrations rarely provide lasting
pain relief.
• Cryoablation has been successful. Neurectomy may be
necessary (Fig. 12).28
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Fig. 12. A man with relief of perineal pain after a
pudendal block but persistence of left inguinal and lateral
scrotal pain. The extent of the pudendal anesthesia is outlined below his fingers and extended above the penis into
the suprapubic region. Following block of the ilioinguinal
and iliohypogastric nerves, anesthesia extends laterally
and superiorly and was accompanied by complete pain
relief.
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Fig. 13. Extension of the ventral axial line demonstrated
by extensive hypalgesia into the abdomen and inguinal
areas. This man had 2 earlier hospitalizations as acute
prostatitis although he was afebrile and had negative
urinalyses. Six weeks after appendectomy failed to relieve
the lower quadrant pain, a right pudendal nerve block
gave complete relief for several hours.

Extension of the Ventral Axial Line

Posterior Femoral Cutaneous Neuropathy (PFCN)

♦ In the caudal portion of the body, the ventral axial line is

♦ Patients with pudendal neuropathy occasionally have asso-

the junction between the thoracolumbar innervation and
the sacral innervation. 29
• The pudendal nerve territory can extend into the abdomen and inguinal regions, as shown in Fig. 13.
• During fetal development, the pudendal sensory innervation invades the usual thoracolumbar territories. The
ventral axial line is shifted proximally and laterally as
outlined by skin markings at limits of anesthesia following PNPI.
• Clinical problems occur when inguinal and abdominal
pains are considered to be secondary to hernias, varicoceles or bladder, or testicular origin, but are truly neuropathic from an extended pudendal nerve territory.
• As noted earlier, pain due to overlapping sensory
information filed from the ilioinguinal or iliohypogastric nerves will respond to anesthetic injections of
those nerves.

ciated PFCN.
• This is suspected when “hamstring pain” accompanies
pudendal neuropathic symptoms.
• Response to pudendal block includes anesthesia extending down the posterior thigh.
• At surgery such patients have an anomalous pathway of the posterior femoral cutaneous nerve. It may
lie immediately lateral to the trunk of the pudendal
nerve.
• In this path the PFCN may suffer significant compression in the interligamentous space.
♦ The perineal branch of the PFCN may be a cause of a pain
that is restricted to a 2-3 cm patch of skin medial to the
ischial tuberosity. The author has seen this as a separate
entity in only 3 or 4 patients.
• Sitting aggravates the pain.
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• It is suspected when an adequate pudendal block leaves

this area still painful.
• It will respond to local infiltration of anesthetic agent.
The author has requested a pain clinician to attempt
cryoablation in one patient.
• In some patients during surgery, small branches exit the
main trunk of the pudendal nerve and extend laterally.
These may represent inferior cluneal nerves or possibly
anomalous perineal branches.
Middle Cluneal Neuropathy

♦ Middle cluneal neuropathy is a clinical entity that is com-

monly identified in our practice, but essentially unknown
to most physicians. Often, it is caused by a “back mouse” or
episacroiliac lipoma. 30
• This is a fatty mass arising in the sacrospinalis muscle
that penetrates through a tear in the sacrospinalis fascia.
It compresses the middle cluneal nerve against the skin
or fascia.31, 32
•
The problem was identified in the late 1930s at about
the time herniated intervertebral discs became commonly known.
♦ Low back pain due to middle cluneal neuropathy occurs

Fig. 14. A male suffered 14 years of pain unrelieved by
3 disc operations and a spinal fusion. Large subcutaneous lipomas were palpable (large circles). Five sites (small
circles) indicate tender sites to compression. Mixed lidocaine and bupivacaine blocks completely relieved his pains.

during slight forward bend, such as brushing teeth or
washing dishes.
• Examination with the patient forward flexed about 20
degrees will maximize the palpation of a small back
mouse. Pressure medial to the sacral foramena will
reproduce subjective pains.
• Often patients may undergo multiple injections (facet,
nerve root) and surgical procedures at L5-S1 culminating with a fusion. None of those procedures controls
middle cluneal back pain (Fig. 14).
• The middle cluneal nerves are the posterior rami of S2,
S3, and S4. Symptoms typically include low back pain,
but may be remarkably similar to pudendal neuropathy
with genital and perineal pain. Leg and foot pain occur
(Fig. 15).
♦ The symptoms suggest spinal cord windup where small,
neuritic cutaneous nerves affect cord levels S2-3-4 and
cause debilitating complaints.
• Treatment is to inject local anesthetics, passing the needle
to the depth at which pain is reproduced, then injecting a
mixture of lidocaine 1% without and bupivacaine 0.25%
without. Volume used depends on patient size and varies
from 3 to 6 mL. Immediate relief occurs in most cases.
• Duration of relief is variable. The author has limited

Fig. 15. Persistent scrotal pain after pudendal nerve
decompression caused by middle cluneal neuropathy associated with 3 back mice.The right S3 nerve pressure affects
a broad area of the gluteal or hip region and also causes
right testicular pain, actually scrotal pain. On the left side
S3 affects only a small area of gluteal skin and is painful
with pressure; left testicular pain occurs.
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experience with excision of the back mouse, repair of
hernia defects in the sacrospinalis fascia, and partial
neurectomy.
• Cryoablation may be an effective intervention for these
patients. Injection of these nerves with local anesthetics
may completely relieve persistent postoperative pudendal neuropathic pains.
♦ We have failed to identify the back mouse or the fascial
tear using CT scans at 2 mm intervals with skin markers
on the lipoma.
The Maigne Syndrome

♦ Lower abdominal/pubic pain, “hip” or thigh pain, and

lumbodorsal back pain define the Maigne syndrome.27
• Patients with widespread discomfort in these areas
should be examined while supine.
• They have tenderness along the border of the paraspinal muscles above the iliac crest.
• There is a consistent point of tenderness at the iliac
crest 7-8 cm from the posterior midline.
• Anteriorly, pressure over the pubic tubercle is
painful.
• Gentle skin rolling causes pain (cellulalgia).
• The etiology appears to be inflammation of the thoracic nerves at the foramina. Infiltration of the anterior
subcutaneous fat with lidocaine should relieve the pain
as a diagnostic aid. Infiltration at the foramina may be
curative. Manipulation may be helpful.

Spinal Cord Windup; Neuroplasticity

♦ Spinal cord windup; neuroplasticity is a disorganization of

interneuronal signaling.33
• This appears to be related to the almost incessant barrage of antidromic stimuli from the damaged pudendal
nerves. Autonomic dysfunction may occur associated
with CPPS, the chronic regional pain syndrome.
♦ Consistent patient comments and complaints and patient
responses during physical examination and neurophysiological testing identify many abnormal symptoms that
appear to be secondary to spinal cord windup. Examples
include:
• Medical history:
• Allodynia in approximately 30% of patients.
• Sensual arousal, e.g., reading a “steamy novel” causes
or aggravates pelvic pain in approximately 50% of
patients.
• Formed stool in rectum or filling of the bladder
aggravates CPPS.
• Relief of pain may follow tugging on scrotal hair.
• Penile pain may be caused by tugging on perianal
hair (first noticed when removing a lidocaine patch).
• Pelvic foreign body sensation (ball, pine cone, etc.).
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• Physical examination:
• Eruption of massive gluteal cutis anserina (goose-

bumps) during rectal examination or with needle
stimulus during nerve block.
• Contralateral pain during pressure over the pudendal
nerve.
• Responses during neurophysiological testing:
• Pain, cold, or paresthesias at the test site during warm
detection testing (WDT).
• Pain at distant sites during WDT, e.g., labium to
contralateral toe; scrotum to rectum.
• Exaggeration of pain by stimulus for PNTMLT.
♦ Patients report that long-term use of amitriptyline controls windup symptoms while the nervous system heals
after decompression surgery. This is quite evident when
the patients discontinue medications prematurely.
• Healing to a pain-free status with return to full physical activity may require 4 to 5 years as reported by
the author’s personal patients operated on in Nantes,
France, in 2001 and 2002.
• Clonazepam, gabapentin, pregabalin, and other medications may be useful for controlling symptoms that
persist after surgery even when their preoperative use
did not control pain.
• Such responses emphasize the importance of decompressing the pudendal nerves.
♦ The pain clinic at the Hotel Dieux in Nantes, France uses
an epidural infusion of ketamine and clonidine to control
sympathetically maintained pain.
• This is continued, in the hospital, for 5 days.
• Multiple infusions may be necessary to control pain.
♦ At the Center for Urologic and Pelvic Pain, a nascent program using epidural infusion of 0.125% bupivacaine associated with concurrent intravenous infusion of ketamine
is providing distinct relief of sympathetically maintained
pain for one to 4 weeks.
• This service, provided at the United Pain Center in St.
Paul, may eventually be offered to the estimated 30% of
patients that does not respond to the sequential treatment we use.
• Botulinum toxin injected at various sites in the pelvis
has been reported to provide some pain control.34
Autonomic Dysfunction in CPP

♦ Men with CPP exhibit autonomic changes of the skin

that establish the chronic regional pain syndrome in these
men.
• Most commonly observed over the coccyx and natal
cleft, the sympathetic changes include cutis anserina,
cutis reticularis, and peau d’orange.
• The
peau d’orange represents neurogenic
inflammation.35
• Some men complain of excessive sweating (occasionally
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foul and oily), burning pain, and erythema of the skin
at the inguinal region, crural skin, or inner thigh.
• Symptoms vary in direct proportion to the levels of subjective pain and return to normal as treatment progresses. Dramatic penile and scrotal contraction can occur.
• Clinical observations of autonomic dysfunction in men
with pelvic pain include variations in blood pressure
and heart rate as pain waxes and wanes.
• Allostatic overload is a consistent process in CPP. 36
♦ Treatment with clonidine may control the effects of sympathetic hyperstimulation. We have referred patients for
hypogastric plexus blocks but with marginal symptom
control of pain.
♦ The author has often observed abnormalities of parasympathetic stimulation associated with chronic neuropathic stimulus of the sacral cord by pudendal nerve
compression.
• Overstimulation results in irritable bladder symptoms, excessive numbers of bowel movements, and
rarely excessive numbers of unwanted and bothersome
erections.
• We suspect that one component of erectile dysfunction
that occurs in men with CPP is reduced parasympathetic stimulation. This also would explain poor bowel
function and reflex gastroparesis that the author has
observed.

Hypogonadism in Men with CPP

♦ Chronic opioid use is associated with hypogonadism.37

• Testosterone replacement may provide improvement in

libido, sexual function, and mood.38
• Long-term use of testosterone replacement in males
with CPP has not been reported.
• Pain clinicians must be aware of this problem and
continue appropriate research.

Conclusion
CPP may be caused by multiple peripheral neuropathies,
the most common being pudendal neuropathy or pudendal
neuralgia. Pain is typically bilateral in the genitals, perineum,
or anal regions. It is aggravated by sitting and driving and
reduced by sitting on a toilet seat. Bladder, bowel, and sexual dysfunctions are frequently observed. Office examination
will indicate neuropathy through simple pinprick testing in
the pudendal distribution. Because pudendal neuropathy is a
tunnel syndrome, most patients respond to nerve protection
and perineural blockade with bupivacaine and corticosteroids.
Therapeutic responses as long as 8 years are observed. About
30% of patients require decompression of the pudendal nerves.
Awareness of other pelvic neuropathies will maximize patient
care.

Key Points
1. CPP in males becomes the domain of the pain clinician when organ based, nociceptive sources cannot be
identified.
2. Multiple neuropathic sources of pelvic pain should be considered.
3. Overlapping sensory fields of several peripheral nerves will complicate treatment.
4. Extension of pudendal nerve distribution may confuse the clinical presentation when variations in the ventral axial
line are present.
5. Awareness of the neuropathic sources of male pelvic pain will provide better overall response rates to interventional
treatments.
6. Spinal cord windup and sympathetically maintained pain should be considered as reasons for failure of peripheral
nerve treatments.
7. Parasympathetic dysfunction is also a component of CPPS.
8. Peripheral neuropathies must be considered prior to diagnosis central sensitization or somatization.
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Andrea M. Trescot, MD

Chronic pelvic pain (CPP) confounds many physicians,
especially interventional pain physicians, who have been
primarily trained to treat neck and back pain. In women,
attention is typically focused on nociceptive processes such
as endometriosis, interstitial cystitis, and uterine pathology,
and the pain is assumed to be visceral. It is not uncommon
for patients with low lateral pelvic pain to present with complaints that “my ovary hurts” or “my endometriosis is back.”
Many pelvic pain patients have undergone multiple pelvic
surgeries, only to continue to experience the same pain.
The potential of a neuropathic basis for the pain must
be considered, but the diagnosis and treatment of these neuropathies are complicated by the presence of multiple, overlapping sensory fields, and the lack of compelling diagnostic features. To make matters more difficult, many patients
describe lower posterior spinal pain as “low back pain,” rather than “coccyx” or “crotch” pain. Secondary symptoms produced by neuroplasticity or spinal cord windup may include
overstimulation of the autonomic nervous system, adding
to confusion of both patient and clinician. However, complaints that appear to be inexplicable should not be attributed to somatization by the patient. It is important to realize
that physical abnormalities that can be evaluated by exam
and diagnostic injections are available to the interventional
pain physician, so that the frustrating conundrum of CPP
can be resolved.
“Chronic pelvic pain” is a “catch-all phrase,” used to represent a variety of regional pains such as lower abdominal,
suprapubic, groin, “crotch,” vulvar, urethral, peroneal, rectal,

coccygeal, or “deep” pelvic pain. These pains can be debilitating, and affect the health and happiness of the entire family,
and patients are often uncomfortable and embarrassed about
discussing this region of the body. Because the male patient
often visits only urologists, and the female patient may only see
gynecologists, the treatments have often differed. The anatomic structures, however, are the same, and the treatments follow
the anatomic pathologies. This chapter looks at some of the
often-unrecognized causes of pelvic pain in females and the
interventional pain treatments that may offer relief.
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Pathophysiology
The proposed definition of CPP is nonmenstrual pain of 3
months duration or longer that localizes to the anatomic pelvis
and is severe enough to cause functional disability and require
medical or surgical treatment.1

in pregnant women and 25% in women postpartum11
• Similarly, the incidence of pelvic pain during pregnancy
is also high (48-56%).13
• Pelvic pain has often been described as starting in the
first trimester of the first pregnancy and worsening with
subsequent pregnancies.14

Incidence

Pelvic Pain and Hysterectomy

♦ Incidence is defined as the measure of the risk of develop-

♦ Hysterectomy is a common treatment for pelvic pain;

ing the condition.
• CPP is the single most common indication for referral to women’s health services, accounting for 20% of
all outpatient appointments in secondary treatment
centers.2
• CPP affects approximately one in 7 women.3
• Of all referrals to gynecologists, 10% are for pelvic
pain.4

Prevalence

♦ Prevalence is defined as the number of cases in a popula-

tion at a given time.
• In a US community-based study among women of
reproductive age, CPP was found at a prevalence rate of
14.7%.3
• In primary care, the annual prevalence rate of CPP
was 3.7%, comparable to asthma (3.8%) and back pain
(4.1%).5 Of these women, only 40% were referred to
secondary or tertiary care.6
• In another primary care study, the reported prevalence rate of pelvic pain was 39%.7
• In a study of nearly 4000 randomly selected women,
24% described CPP lasting at least 3 months.8
• One-third described an onset of pain more than 5
years ago.
• In an Australian study, 1,983 women age 16 to 49
who were menstruating and sexually active were interviewed.9 Of these:
• 71.7% described dysmenorrhea.
• 14.1% complained of dyspareunia.
• 21.5% noted other types of CPP.
• Only 23.3% described no pelvic pain of any kind.

Pelvic Pain and Pregnancy

♦ The relationship between low back pelvic pain and pregnancy has been established.10-12
• The prevalence of low back pain is reported to be 45%

many women undergo hysterectomy for pelvic pain of
greater than 6 months.16
• However, 22% had persistent pelvic pain postoperatively, despite abnormal uterine findings at surgery.

Pelvic Pain and Sexual Abuse

♦ Prevalence of pelvic pain has been shown to increase with

co-morbid depression and sexual abuse.16-19
• Harrop-Griffiths et al19 found that CPP patients undergoing laparoscopy had a greater prevalence of lifetime
and current major depression, substance abuse, sexual
dysfunction and somatization, as a result of increased
incidence of childhood and adult sexual abuse.
• Sexual abuse occurring before 15 years of age is associated with later development of CPP.17
• Women with a history of rape and abuse were 8
times more likely to experience pelvic pain compared
to a group of women without a history of rape or
abuse.18

Economic Impact

♦ Pelvic pain has enormous economic impact.

• In 1996, the total annual direct costs for CPP (physi-

cian visits and out-of-pocket expenses) were estimated
to be $2.8 billion,3 not including diagnostic procedures
or hospitalization, whereas indirect costs due to time
lost from work was estimated to be $55 million.

Prognosis

♦ Prognosis of CPP is poor.15,20

• In a study following 72 women with CPP for a mean

of 3.4 years, only 25% had recovered substantially,20
whereas only 11% had no pain at follow-up.
♦ According to the Cochrane review,21 “the range of proven
effective interventions for CPP remains limited.”
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Clinical Features

Coccydynia

♦ Many patients with CPP have no abnormal anatomy.

♦ Coccydynia (coccygodynia) and rectal pain mainly affect

• Cunanan and coworkers22 reviewed 1,194 diagnostic

laparoscopies of consecutive pelvic pain patients.
• A normal pelvis was found in 355 laparoscopy
cases.
• 749 patients had a normal pelvic examination
before the diagnostic laparoscopy, and 479 of those
patients (63%) had abnormal findings on diagnostic laparoscopy.
• In a study of 122 women with CPP referred to a multidisciplinary pain clinic after laparoscopy was negative, 47% were subsequently diagnosed with an occult
somatic pathology.23
Endometriosis

♦ Laparoscopy has revealed that up to 80% of women with

CPP have endometriosis. However, laparoscopy had not
been performed on asymptomatic women.
• Laparoscopy for unrelated conditions (sterilization)
in asymptomatic women have shown endometriosis
and pelvic adhesions in 15-20%.8

Dysmenorrhea

women, perhaps because of the more posterior location
of the sacrum and coccyx in women; which leaves the
coccyx more exposed.27 Consequently, the coccyx is susceptible to trauma from falls landing in a sitting position
or childbirth.28
• Proctalgia fugax (paroxysms of anorectal pain in the
absence of identifiable local lesions) has been reported in 13-19% of apparently healthy patients.29

Vulvadynia

♦ Vulvadynia is pain of the vulva and vaginal introitus

(vulvar vestibulitis). It is a descriptive syndrome, but not
a diagnosis.
• Although originally described as a psychological
pathology, research in this area has demonstrated
clearly that this population shows no significant medical, psychological, or sexual history differences from
normal matched controls.30
• Vulvadynia may be associated with pelvic floor
dysfunction.31

Pelvic Varicosities

♦ Dysmenorrhea or painful menstruation is perhaps the
most common example of recurrent pelvic pain and
affects approximately 75% of all women, with approximately 15% having severe symptoms.
24

Interstitial Cystitis (IC)

♦ IC is manifested by urinary urgency, frequency and blad-

der or pelvic pain in the absence of bacterial infection or
other pathology.25
• Studies suggest that 38% to 85% of women coming to
gynecologists for CPP evaluation may have IC.

Dysparunia

♦ Dysparunia or sexual pain is derived from the Greek
“bed partners not fitting together,” with a reported prevalence of 45% in US patients with pelvic pain.26

♦ Pelvic varicosities were originally described in 1949 by

Taylor32 as throbbing, burning pain. Pain is worse at
night and when standing. It is diagnosed by ultrasound
and/or laparoscopy (low insufflation volumes).
• Pelvic varicose veins were demonstrated by transvaginal ultrasound in 30 of 100 patients being evaluated
for CPP.37

Irritable Bowel Syndrome (IBS)

♦ Patients with IBS as seen in gastroenterology are dif-

ficult to distinguish from CPP as seen in gynecological
practice.34
• Almost half of the patients who had undergone laparoscopy because of having CPP and 40% of patients
who had an elective hysterectomy had symptoms
compatible with the diagnosis of IBS.35
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Abdominal Pain Syndromes
Anatomy and Features

♦ The pelvic bony structures include the lower lumbar verte-

brae, the innominate bones (joined anteriorly at the symphysis pubis and posteriorly on the sacrum at the sacroiliac
joint), the fused sacrum, and one to 4 coccygeal bones connected to the sacrum by the fibrous sacrococcygeal joint,
8 sacral foramina (4 anterior, 4 posterior), and as sacral
hiatus (Figs. 1 and 2).
♦ The somatic and visceral nerves of the pelvis involve the
dermatomes at the T12-L3 and S2-4 levels. This includes
the iliohypogastric, the ilioinguinal, genitofemoral, lateral
femoral cutaneous, and the pudendal nerves (Fig. 2).

Quadratus lumborum
Ramus communicans
Ilia: crest
Sympathetic trunk
Sciatic nerve
Pudendal nerve
(S2, S3, S4)
Genital branch of
genitofemorial nerve (L1, L2)
Anterior and
posterior branches
of the obturator
nerve (L2, L3, L4)

• Except for the iliohypogastric and pudendal nerves,

these nerves are afferent (sensory) with no significant
efferent (motor) component in females.
♦ Pain originating from the abdominal wall is usually
unchanged or made worse by lifting the head and shoulders (tensing the abdominal muscles) when supine (positive Carnett’s sign).36,37
Anterior (Abdominal) Cutaneous Nerve Entrapment
(ACNE)

♦ Anatomy

• The anterior (abdominal) cutaneous branches of the

intercostal nerves pass through the rectus sheath at the
lateral margin of the rectus muscle (Fig. 3).
♦ Clinical presentation

Iliohypogastric nerve (L1)
Ilioinguinal nerve (L1)
Obturater nerve
(L2, L3, L4)

Lumbosacral trunk
(L4,L5)
Lateral femoral cutaneous nerve (L2,L3)

Femoral branch
of genitofemoral
nerve (L1, L2)

Femoral nerve
(L2,L3, L4)

Sciatic nerve
(L4, L5, S1,
S2, S3)

Fig. 1. Illustration of anatomy of pelvic nerves. Netter medical illustration used with permission from Elsevier. All rights
reserved.
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Fig. 2. Illustration of anatomy of pelvic bony structure. Netter medical illustration used with permission from Elsevier. All rights
reserved.
• Persistent anterior abdominal wall pain,38 which is ini-

tially well localized, but eventually may become diffuse.

• It is usually unilateral but may be bilateral.
• Symptoms include:
• Nausea, vomiting, anorexia
• Intestinal colic, diarrhea
• Urinary bladder sphincter spasms
• Dysmenorrhea
• The symptoms may present after shingles (postherpetic

neuralgia), or during pregnancy.39
• It may clinically manifest as sudden, acute abdominal pain resulting from mononeuritis multiplex of the
abdominal nerves in patients with diabetes or vasculitis,40 which also may mimic endometriosis, interstitial
cystitis, and abdominal adhesions.
♦ Physical examination
• Pain is reproduced by palpation with one finger at the
lateral border of the rectus abdominis muscle.
• Careful, gentle palpation will often reveal a knot-like
aponeurotic opening.
♦ Diagnosis and treatment
• The injection of the anterior cutaneous nerve is performed by holding the rectus border by the noninjecting
hand, with the tips of the fingers at the rectus border
(Figs. 4 and 5).
• A 25- or 27-gauge needle is advanced from lateral
to medial, feeling the “pop” as the needle pierces the
abdominal fascia.

Fig. 3. Anterior cutaneous abdominal nerves.
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• A peripheral nerve stimulator may increase the accuracy

of needle placement.

• Injection consists of local anesthetic and deposteroid

(total volume less than 2 mL).
• Treatment modalities are as follows:
• Local anesthetic injections
• Cryoneuroablation
• Neurolyic injections

Fig. 4. Infiltrating several abdominal cutaneous nerves
at the border of the left rectus muscle.

Ilioinguinal Nerve Entrapment or Injury

♦ Anatomy

• The ilioinguinal nerve exits from the L1-2 foramen

(Fig. 1) emerging from the lateral border of the psoas.

• The ilioinguinal nerve perforates the tranversus abdo-

minus muscle near the Anterior Superior Iliac Spine
(ASIS), enters the inguinal canal about 2 cm medial to
the ASIS, and then courses just beneath the inguinal
canal (Fig. 5).
• The ilioinguinal nerve exits the superficial inguinal ring
to become a sensory nerve to the overlying skin (Fig.
6).
• It supplies sensory innervation to the groin, labia, and
inner thigh.
• It shares dermatomes with the proximal fallopian tubes
and uterine fundus.
♦ Clinical presentation
• Symptoms of ilioinguinal nerve entrapment include:
• Chronic lower abdominal/suprapubic/groin pain,
which is midline or unilateral and mimics endometriosis, interstitial cystitis, and abdominal adhesions.
• The ilioinguinal nerve is traumatized during hernia
repair, bladder retraction, Pfannenstiel, and midline
incisions.41
• Symptoms may present months or years after
surgery42

Fig. 5. Anterior cutaneous abdominal nerve injection. Netter medical illustration used with permission from Elsevier. All
rights reserved.
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• The ilioinguinal nerve may also be injured by abdom-

inal distension (pregnancy, ascites).
• Tearing of lower external oblique aponeurosis reported in hockey players may also cause symptoms.
• Other causes include:
• Anterior iliac crest graft injury
• Entrapment by edema (perimenstrual)
• Mechanical trauma of seatbelt injuries, large belts/
holsters, or tight clothes.
• Symptoms increase with hip extension.
• Patients walk with trunk forward-flexed to avoid
tension.
♦ Physical examination
• Patient is examined in supine position with positive
findings of point tenderness at rectus border, approximately 10 cm inferior to umbilicus (similar to anterior
cutaneous nerve).
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♦ Diagnosis and treatment

• A 25-gauge, 2-inch needle with local/deposteroid (2

mL maximum volume) is inserted at lateral rectus border. A peripheral nerve stimulator will help identify the
nerve.
• Treatment modalities include:
• Cryoneuroablation
• Local anesthetic injection
• Nerve release, neurectomy, or neuroma excision.43

♦ Anatomy

Iliohypogastric Nerve

• The iliohypogastric nerve exits the T12/L1 fora-

men (Fig. 6), and travels through the psoas diagonally
along the quadratus lumborum through the transversus
abdominis.
• It continues medially deep to the internal oblique at

Fig. 6. Superficial abdominal nerves. Netter medical illustration used with permission from Elsevier. All rights reserved.
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der. A peripheral nerve stimulator will help identify the
nerve.
• Treatment modalities include:
• Cryoneuroablation
• Local anesthetic injection
• Nerve release, neurectomy, or neuroma.
Genitofemoral Nerve

♦ Anatomy

• The genitofemoral nerve exits the L1-2 foramen (Fig.

Fig. 7. Illustration of genitofemoral nerve block under
fluoroscopy.
the level of the ASIS, between the transversus and
the internal oblique.
• It divides into anterior and lateral cutaneous branches, and shares dermatomes with the ovary and distal
tube.
• The anterior branch pierces the internal oblique 2-3 cm
medial to the ASIS, then the external oblique about 3
cm above the superficial inguinal ring.
• It provides innervation to the transversus abdominis
and the internal oblique muscles.
• It provides sensory innervation to the groin and the
symphysis pubis region.
• It overlaps the ilioinguinal and genitofemoral nerves’
pattern.
♦ Clinical presentation
• Symptoms are identical to ilioinguinal, only somewhat
higher in the abdomen.
• Iliohypogastric neuritis may exist concurrently with
ilioinguinal neuropathy.
• May develop injury following the transverse abdominal incisions (hysterectomy) or by open inguinal hernia
repair or appendectomy.
• Like ilioinguinal neuropathy, injured by rapidly
expanding abdomen in pregnancy or ascities with
pain into inguinal and suprapubic region.
• May mimic endometriosis, interstitial cystitis, and
abdominal adhesions.
• May present as a “pseudotrochenteric bursitis.”
♦ Diagnosis and treatment.44
• A 25-gauge, 2-inch needle and local/deposteroid (2 mL
maximum volume) is inserted at the lateral rectus bor-

♦

♦

♦

♦

6) and runs through the psoas muscle and emerges near
its medial border opposite the third and fourth lumbar
vertebrae.
• It descends retroperitoneally, crosses behind the ureter,
and divides into genital and femoral branches, at a variable distance above the inguinal ligament.
• The genital branch crosses the lower end of the external iliac artery and enters the inguinal canal through
the deep inguinal ring together with the round ligament and supplies the skin of the mons pubis and
labium majus.
• The femoral branch descends lateral to the external iliac artery, behind the inguinal ligament, and
through the fascia lata into the femoral sheath and
supplies the skin of the femoral triangle.
Clinical presentation
• Chronic suprapubic/groin pain which mimics endometriosis, interstitial cystitis, or abdominal adhesions.
• Location of pain: midline, unilateral, or bilateral.
• Entrapment may occur
• When appendectomy causes perineural fibrosis where
the nerve exits the psoas muscle.
• After hernia repair, especially with mesh, which can
produce entrapment by suture or staple at Poupart’s
ligament.
• Patients will complain of burning paresthesias and pain
in the groin, labia, and medial thigh.
• Pain is worse with internal or external rotation of the
hip, and prolonged walking (psoas movements).
Physical examination
• Since the most common entrapment is at the pubic
tubercle, examination is performed by placing thumbs
at the pubic tubercle, and rolling thumbs superior to
inferior, lateral to medial.
Diagnosis and treatment
• Patient is positioned supine, and the symphysis pubis
identified by fluoroscopy (Fig. 7).
• After prep and local anesthetic infiltration, a 22-gauge
needle is advanced to the periosteum, followed by injection of one mL of local anesthetic and deposteroid.
Treatment includes
• Local anesthetic injection
• Cryoneuroablation
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Iiliopsoas Muscle Syndrome

♦ Anatomy

• The iliopsoas muscle attaches proximally to the trans-

♦

♦
♦

♦

verse process of T12 and all the lumbar vertebrae. It lies
anterior to the quadratus lumborum, crosses over the
pelvic rim anterior to the sacroiliac joint, and joins the
iliacus to become the iliopsoas.
• It passes deep to the inguinal ligament forming the
floor of the femoral triangle.
• It distally attaches to the lesser trochanter.
• The lumbar plexus also passes through this muscle.
Clinical presentation
• Chronic abdominal, suprapubic, groin and anterior
thigh pain
• Vertical (as opposed to horizontal) low back pain
• Complaints of difficulty getting out of a chair or getting
out of bed in the morning
• Anterior thigh/groin pain with the first few steps
• Anterior thigh/groin pain when lying flat
• Pain relief lying in lateral fetal position or supine with
knees and hips flexed
• Causes entrapment of the iliohypogastric, ilioinguinal, lateral femoral cutaneous, and femoral nerves
• Symptoms of entrapment of these multiple nerves
should warrant a search for psoas pathology triggered
by:
• Prolonged sitting (long car or airplane rides), especially sitting with knees higher than hips
• Sit-ups or force hip flexion.
Etiology
• Hematoma, abscess, tumor
• Pregnancy
Physical examination
• Pain with dropping affected leg off the end of the
exam table45
• Tenderness to palpation of lesser trochanter.
Diagnosis and treatment
• Diagnostic injection into psoas muscle body
• Fluoroscopic injection is as follows:
• Patient is positioned prone on the fluoroscopy table,
with a pillow underneath the pelvis to flatten the lordotic curve.
• The psoas shadow is visualized fluoroscopically, and
a site approximately 5 cm lateral to the transverse
process of L3 is identified.
• After skin infiltration with local anesthetics, a 22gauge spinal needle is inserted in a “gun barrel”
technique.
• The needle advancement is stopped when the needle
tip is at the level of the anterior third of the vertebral
body on lateral view with approximately 3 mL longacting local anesthetic.
• A small amount of contrast may be injected to con-
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firm placement.

• Distal psoas tendon injection
• Under fluoroscopic visualization, the patient is posi-

tioned supine on the fluoroscopy table and the lesser
trochanter and femoral artery are identified.
• After local anesthetic infiltration, a 22-gauge spinal needle is advanced in a “gun barrel” technique to
periosteum and a combination of one mL of local
anesthetic/deposteroid may be injected.
• Patient should be cautioned regarding possible femoral nerve paresthesia or post-procedure weakness.

Pelvic Pain Syndromes
Pudendal Neuropathy

♦ Anatomy46

• Arises from the ventral primary rami of S2, S3, and S4

and travels with the internal pudendal artery
• Passes between the sacrospinatus and sacrotuberous
ligaments medial to the ischial spine and medial to
the pudendal artery
• Exits the pelvis under the piriformis muscle through
the greater sciatic foramen, posterior to the sacrospinatus ligament (Fig. 8).
• The pundendal nerve re-enters the pelvis through the
lesser sciatic foramen.
• It also passes through the pudendal or Alcock’s canal
(a thickening of the obturator internus fascia) dividing into 3 main branches (Fig. 9): perineal, inferior
rectal, and dorsal nerve of clitoris.

Fig. 8. Illustration of pudendal nerve anatomy.
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• Robert et al46 described pudendal neuralgia as perineal

♦

Fig. 9. Illustration of pudendal branches. Netter medical
illustration used with permission from Elsevier. All rights
reserved.

• The perineal nerve exits the distal pudendal canal and

splits into 2 branches with superficial perineal and
release superficial sensation to perineum and posterior labia (or scrotum); whereas the deep perineal
provides perineal motor to bulbocavernosus, ischiocavernosus, superficial and deep transverse, perineus,
and sphincter urethrae muscles.
• The inferior rectal nerve passes medially through the
ischioanal fossa and provides motor innervation to
the external anal sphincter and sensory innervation
to the perianal skin.
• The dorsal nerve of the clitoris or penis consists of
the terminal branch of the pudendal traveling under
the symphysis pubis, providing sensory innervation
to clitoral or penile skin.
• It supplies the clitoris except the dorsal surface at the
base which is ilioinguinal.
• Anatomic sites of entrapment include:46
• Sacrospinatus ligament, 58%
• Sacrotuberous ligament, 69%
• Falciform process, 42%
• Alcock’s canal, 48%
• Ischial spine, 11%.
• Two primary sites of entrapment include:46 between
the sacrospinatus and sacrotuberous ligaments, and
in the pudendal canal (Alcock’s canal).
♦ Clinical presentation
• Patients complain of peroneal, vaginal, or perirectal
pain.

♦

♦

♦

pain that is aggravated by sitting, reduced by recumbence, and relieved sitting on a toilet seat.
• Pain is exaggerated by flexion of the hip from jogging, abdominal crunches, cycling, leg presses, etc.47
• Pain is also exaggerated by sitting for long hours
at work, driving, bicycling, or on transoceanic air
flights.
• Radiation therapy,48 direct trauma (bicycling),49 hard
chairs, surgery,50 straining from chronic constipation,
difficult vaginal delivery,51 sacroiliac joint instability, neurofibroma entrapment,52 and postherpetic
neuralgia.53
Physical examination
• Examination is carried out with the patient standing,
flexed at the hips over the examination table by palpating through the perineum to the medial ischium, pushing laterally and cephalad.
• Rectal examination may allow more cephalad palpation
but is usually not necessary for vaginal/urethral pain.
• Patient may also be positioned supine on the examination table, in a modified lithotomy position with heels
brought toward the buttocks, knees apart.
• Palpate through the perineum to the medial ischium,
however vaginal examination may allow more cephalad palpation but usually is not necessary.
Diagnosis and treatment
• While multiple techniques are available including CTguided blocks, ultrasound-guided blocks, nerve stimulation guided blocks, and other fluoroscopically/guided
methods, a simple, rapid, and effective fluoroscopic
approach, also known as transgluteal pudendal nerve
block, is utilized.
The procedure is performed without sedation.
• With the patient in the prone position, a foam wedge is
used to elevate the ipsilateral hip to about 35 degrees.
• Fluoroscopy is used to identify the tip of the ischial
spine.
• The skin is marked over that site (Fig. 10A).
• The pudendal nerve is usually immediately medial to
the tip of the ischial spine; however, its position may
vary as much as 2.5 cm.54
• The skin is prepped with povidone iodine. Lidocaine
1% is infiltrated in the skin and subcutaneous fat.
• A 21-gauge, 4.5-inch needle or a 22-gauge, 3.5- or 5inch needle is “popped” through the skin and slowly
advanced until the bone of the ischial spine is softly
touched.
• The depth is marked by fixing the ring finger to the
needle at the skin level (Fig. 10C).
The needle is retracted 2-3 cm and guided medially.
• Most often the needle engages the sacrotuberous ligament 8 to 12 mm posterior to the nerve level.
• Traverse of the needle through the sacrotuberous
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A. Using fluoroscopy to identify the tip of the right ischial
spine. Ipsiliateral hip elevated about 30 degrees.

C. Needle is moved medially, penetrates S-T ligament,
and is advanced to rectal paresthesias at level of ring
finger. See arrow 10D.

Fig. 10. Technique of transgluteal pudendal nerve block.

Trescot

B. Instrument over ischial spine.

D. The ring finger is held at the depth of the ischial
spine while the needle is passed more medially until
rectal paresthesias occurs. After aspiration demonstrates no blood, the anesthetic/corticosteroid mixture
is slowly injected.
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ligament may be slightly painful.

• Immediately after traversing this ligament, warn the

patient that he may experience rectal, perineal, or
scrotal pain.
• The distance of the ring finger on the needle from
the skin is the best means of gauging when the nerve
will be stimulated.
♦ The needle is retracted at the time that pudendal sensations are stimulated (Figs. 10C and 10D).

• The syringe with 6 mL of bupivacaine 0.25% with-

out epinephrine and one mL (6 mg) betamethasone is
attached and aspirated.
• If there is no bleeding, the mixture is slowly infiltrated while the needle is slowly advanced.
• If bleeding occurs, a second site is used about 2 cm
distal to the first.
• Extreme caution is necessary to avoid intravascular
injection of the medications.

Key Points
1. Pelvic pain may be treated by various treatments by the interventional pain physician.
2. History and especially physical examination, along with diagnostic injections, are paramount for accurate diagnosis
and treatment.
3. Abdominal wall pathologies may mimic visceral pain.
4. Pelvic ligaments, muscles, and nerves are causes of pain in patients diagnosed with a variety of conditions including
endometriosis, coccydynia, interstitial cystitis, and proctalgia fugax.
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The first uses of peripheral nerve blocks can be traced to
the earliest history of regional anesthesia. In the thirteenth
century, Dr. Theodoric of Lucca, Italian physician and bishop,
used sponges soaked with opium and mandragora for surgical
pain relief. In the nineteenth century, Dr. William Halstead, a
prominent American surgeon, described injection of cocaine
for surgical anesthesia of various peripheral sites, including
the ulnar, musculocutaneous, supratrochlear, and infraorbital
nerves.1,2 With major developments in the pharmacology of
local anesthetics, peripheral nerve blocks are frequently used
for acute and chronic pain management by anesthesiologists,
surgeons, and interventional pain physicians.3-5

correspond to the painful areas.

♦ Specific indications for peripheral nerve blocks in the

Indications

♦

General indications and goals for upper extremity nerve
blocks in acute and chronic pain conditions are as follows:
• Acute pain
• Contraindications to brachial plexus blockade (i.e.,
difficult access, infection)
•	Refractory postoperative or post-traumatic pain
• Postamputation pain
• Traumatic nerve injury-related pain
• Supplementation of partial brachial plexus blockade
• Patient or clinician preference as mode for analgesia
• Availability of experienced clinician and support
staff
• Chronic pain
• Management of refractory chronic pain
• Diagnosis of entrapment syndromes
• Facilitation of physiotherapy
♦ Peripheral nerve blocks may be selected when brachial
plexus blockade is contraindicated or when specific nerves
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♦

upper extremity include the following:
• Ulnar nerve
• Diagnosis and treatment of entrapment neuropathy (cubital tunnel syndrome and ulnar tunnel syndrome); carpal tunnel surgery (CTS); partial brachial
plexus block (PBPB); traumatic or compressive neuropathic pain
• Median nerve
• Diagnosis and treatment of entrapment neuropathy
(carpal tunnel syndrome); CTS, PBPB, traumatic, or
compressive neuropathic pain
• Radial nerve
• Diagnosis and treatment of entrapment neuropathy,
PBPB, traumatic or compressive neuropathic pain
• Suprascapular nerve
• Posterior or lateral shoulder pain, quadrilateral pain
syndrome, chronic shoulder pain, traumatic or compressive cancer pain, frozen shoulder syndrome
• Musculocutaneous nerve
• Tourniquet pain
In the treatment of chronic pain, a mixture of local anesthetics and steroids is often used to “break the cycle” of
aberrant, inflammatory neurotransmission and central
sensitization.6-9
• Although the diagnostic and therapeutic effects of
peripheral nerve blocks for chronic pain are not as well
defined as for acute pain, the following potential advantages may be incurred:
• Neural blockade can be used as a diagnostic tool in
differential blockade.10
• Electrophysiological assessment of response to steroid injection seems to suggest short-term improve-
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♦
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ment in nerve conduction.11
• Improvement in nerve conduction often correlates
with palliation of symptoms.
Peripheral nerve injection of steroids for chronic neuropathies have been shown to provide short-term pain relief
from 8 to 18 weeks.3 However, only 8% of patients may
still have relief at 18 weeks.12
Current use of steroids for relief of chronic neuropathic
pain is supported by good evidence from randomized trials
of injections for carpal tunnel syndrome.11,13
• These results may be extrapolated to treatment of neuropathic pain in different nerve locations of the upper
extremity.
• Further studies are needed to evaluate the long-term
efficacy of steroids in upper extremity neuropathic
pain.
Suprascapular nerve steroid injection has been shown in
a recent randomized study to provide long-term relief of
chronic arthritic shoulder pain.9,14,15
• Newer applications of known techniques to peripheral upper extremity nerves may increase duration of
analgesia.
• Shah and Racz16 reported 4 – 5 months of pain relief
with the use of pulsed mode radiofrequency lesioning of
suprascapular nerve for the treatment of chronic shoulder pain.
• Peripheral neural blockade for chronic analgesia holds
promise in reducing long-term disability.9,14,15
• Furthermore, it may decrease unnecessary invasive
interventions, which lack evidence in improving
long-term outcomes such as pain and disability.17
• Low success rates are associated with the use of electrode-implant systems to treat neuropathic pain in
the upper extremity.

Diagnosis

♦

♦

♦

♦

♦

The patient’s sensory and motor symptoms enable proper
selection of the nerve(s) to be blocked.
• Table 1 reviews the clinical signs and symptoms of common upper extremity peripheral neuropathies.
• Table 2 lists the key physical examination findings of
upper extremity peripheral neuropathies.
In the acute postoperative setting, caution must be exercised if pain persists beyond 72 hours.
• Careful patient re-examination by the surgeon may be
necessary.
• Nerve compression by cast, pin, or external fixation
apparatus may exist and require the immediate removal
of the offending apparatus and initiation of alternative
treatments for the underlying injury.
For patients with chronic upper extremity pain, peripheral neural blockade has been reported for the diagnosis
or treatment of entrapment neuropathies secondary to
trauma or surgery.
• In diagnosing chronic neuropathic pain, the response
to a block, or lack of response, may help the clinician
differentiate between many etiologies of neuropathic
pain.10,18
Diagnostic blockade may be used to distinguish peripheral neuropathy from complex regional pain syndrome
(CRPS).10
• Differentiation between somatic and sympathetic pain
may be helpful in assessing indication of neural blockade
versus other treatment options as shown in Table 3.19
• When an EMG indicates that a focal peripheral neuropathy is present, the clinical response to a block may
guide future surgical release or medical management.
Before embarking on symptomatic treatment by neural

Table 1. Clinical signs and symptoms of common upper extremity neuropathies.
Nerve

Signs

Symptoms

Ulnar nerve

Clawed hand, weakness, clumsy hand

Pain, numbness, weakness of medial arm, forearm, and 1
½ digits

Radial nerve

Wrist drop, weakness of triceps

Pain, numbness, weakness of thumb, lateral arm, forearm,
and 1 ½ digits

Median nerve

Weak thumb abduction, atrophy of thenar
muscles, clumsy hand, Tinel’s sign

Pain, numbness, weakness of palmar aspect of hand, wrist,
and center of forearm, and middle 3 distal digits

Suprascapular nerve

Weakness and wasting of infraspinatus
and supraspinatus resulting in reduced arm
abduction and external rotation

Tenderness over the suprascapular notch and
infraspinatus fossa

Musculocutaneous nerve

Weak elbow flexion and supination; normal
strength of spinate, deltoids, and brachioradialis

Numbness, dyseesthesias: lateral forearm
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Table 2. Examination of the major upper extremity nerves.
Nerve

Motor Test

Sensory Test

Radial nerve

Wrist extension

Dorsal web space between thumb and index finger

Ulnar nerve

Abduction of fifth digit

Distal ulnar aspect of fifth digit

Median nerve

Thumb opposition and adduction

Distal radial aspect of second digit

Axillary nerve

Deltoid

Lateral arm at deltoid insertion

Arm abduction and external rotation

Posterior and lateral aspect of the shoulder

Biceps

Lateral forearm

Suprascapular nerve
Musculocutaneous nerve

Adapted from Lockerman LZ, “Regional Pain Syndrome.” In: Samuels MA, Feske S (eds). Office Practice of Neurology. Churchill Livingstone,
New York, 1996, pp 1192-1218.

Table 3. Clinical features and treatment options for somatic and
sympathetic pain.
Clinical Features
Somatic pain Nociceptive or neuropathic
pain

Sympathetic
pain

Nonspecific distribution
Allodynia
Skin and temperature
changes

Treatment Options
Isolated nerve block
Continuous nerve block
Surgical decompression
Nerve transfers
Revascularization of peripheral nerve
beds
Release of contractures
Early limb mobilization
Stellate ganglion block
Bier block
Guanethidine/Reserpine
Calcitonin

Table 4. Differential diagnosis of common
upper extremity neuropathies.
Nerve(s)

Ulnar, median, and
radial nerves

Adapted from Cooney WP.19 Somatic versus sympathetic mediated chronic limb
pain. Experience and treatment options. Hand Clin 1997; 13:355-361.

blockade, a comprehensive evaluation for medical causes
of neuropathy must be performed to rule out reversible or
treatable conditions leading to the neuropathy (Table 4).
• Medical or pharmacological management may be indicated prior to consideration of neural blockade.20
• Always document a thorough neurologic examination
to identify pre-existing neurologic deficits that may be
wrongfully attributed to a nerve block.
• New deficits found later in the course of treatment
may require further evaluation and follow up.

Differential Diagnosis
Brachial plexopathy
Cervical disc disease
Cervical root lesion
Chemotherapy
Thoracic outlet syndrome
Pancoast tumor
Lesion at the Guyonis canal
Polyneuropathy
Malnutrition
(Vitamins B6, B12, thiamine)
Motor neuron disease
Metabolic derangement
Diabetes
Double-crush syndrome

Suprascapular
nerve

Rotator cuff tear
Quadrilateral space
syndrome
Frozen shoulder
Brachial plexopathy
C5 root lesion

Musculocutaneous
nerve

Ruptured biceps tendon
C6 radiculopathy

Adapted from Mackin GA.20 Medical and
pharmacologic management of upper extremity
neuropathic pain syndromes. J Hand Therapy 1997;
10:96-109.
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Fig. 1. Brachial plexus anatomy. From www.nysora.com; used with permission.

Anatomy

♦
♦
♦
♦

Detailed knowledge of brachial plexus anatomy
and segmental upper extremity innervation is
essential in guiding peripheral neural blockade.
Fig. 1 shows brachial plexus anatomy.
Figs. 2 and 3 depict segmental sensory innervation and vertebral level root innervation of the
upper extremity, respectively.
Figs. 4 and 5 depict in more detail the anatomy
and dermatomal innervation of the hand.
• Attention to adjacent soft tissue and vascular structures is important in guiding neural
blockade and preventing complications.

Fig. 2. Upper extremity cervical and thoracic dermatomal root
innervation. Based on Keegan JJ, Garrett FD. The segmental distribution
of the cutaneous nerves in the limbs of man. Anat Rec 1948; 102:409-437.
Reprinted with permission of John Wiley & Sons. Inc.
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Fig. 3. Upper extremity sensory innervation.

Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks, with permission from McGraw-Hill
Companies and the New York School of Regional Anesthesia.

Fig. 4. Nerves of the wrist and hand.

Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks, with permission from
McGraw-Hill Companies and the New York School of Regional Anesthesia.
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Fig. 5. Dermatomal innervation of the hand. From www.nysora.com; used with permission.
Ulnar Nerve

♦

♦

Formed by C8 and T1 ± C7 roots
• Axons pass through
• Lower trunk and medial cord of the brachial plexus
• Ulnar groove at the elbow
• Cubital tunnel under flexor carpi ulnaris
• Guyon’s canal between the pisiform and hamate
bones in the hand
Branches: All distal to elbow
• Forearm
• Flexor carpi ulnaris
• Flexor digitorum profundus (fourth and fifth fingers)
• Palmar cutaneous sensory to proximal ulnar palm
• Dorsal ulnar cutaneous to fifth and ulnar side of the
fourth finger
• Hand: All motor
• Palmaris brevis
• Interossei
• Lumbricals (third and fourth fingers)

♦

• Flexor pollicis brevis
Anomalies
• Martin-Gruber anastomosis (10% to 44% of normal)
• Branches from median to ulnar nerve in forearm
• Innervate: first dorsal interosseus, Adductor pollicis,
Abductor digiti minimi
• Riche-Cannieu anastomosis
• Connections between deep ulnar and median nerves
in hand

Radial Nerve

♦

♦

Formed by axons from C5 — T1 roots
• Axons pass through
• Spiral groove of humerus
• Fibrous arch attachment of triceps to humerus
• Lateral intermuscular septum below deltoid insertion
• Arcade of Frohse: above supinator and below elbow
Branches
• Above elbow
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• Above spiral groove (humerus)
• Triceps: 3 – 5 branches
• Anconeus
• Below spiral groove
• Brachioradialis: distal to lateral intermuscular septum
• Extensor carpi radialis longus and brevis
• Posterior cutaneous nerves of arm and forearm sup-

in hand

Suprascapular Nerve

♦

ply lateral and dorsolateral arm and forearm

and first 3 digits

brevis and supinator

• Passes through arcade of Frohse
• Posterior interosseus nerve: terminal motor branch
		
		
		
		

Passes through the supinator muscle
Innervates
• Finger and thumb extensors
• Extensor carpi ulnaris
• Abductor pollicis longus
• Articular branches to wrist joint

♦

♦

Branches
• Forearm: muscular branches
• Pronator teres
• Flexor carpi radialis
• Flexor carpi sublimes
• Anterior interosseus (motor)
• Flexor pollicis longus
• Flexor digitorum profundus to second and third
fingers
• Pronator quadratus
• Palmar cutaneous
• Sensory to skin over thenar eminence
• Terminal motor
• Abductor pollicis brevis
• Opponens pollicis
• ± Flexor pollicis brevis
• First and second lumbricals
• Terminal sensory
• Sensory to palmar surface of thumb, second, third,
and lateral half of the fourth finger
Anomalies
• Martin-Gruber anastomosis (10% to 44% of normals)
• Branches from median to ulnar nerve in forearm
• Innervate: first dorsal interosseus, adductor pollicis,
abductor digiti minimi
• Riche-Cannieu anastomosis

Formed by axons from C5 and C6 roots from upper trunk
of brachial plexus21
• Contains both motor and sensory components
• Sends sensory branches to both the glenohumeral and
AC joints
• Passes inferiorly and laterally (deep to the omohyoid
and trapezius)

Technique

♦

Median Nerve
• Formed by
• C5 to C7 roots from lateral cord of brachial plexus
• C8 and T1 roots from medial cord
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• Connections between deep ulnar and median nerves

• At or below elbow
• Above arcade of Frohse (supinator)
• Superficial radial nerve: sensory dorsolateral hand
• Posterior interosseus nerve: Extensor carpi radialis

Nguyen, Simopoulos

♦
♦

Regional techniques of neural blockade are described for
each specific nerve at distal and proximal locations.
• Standard monitoring of blood pressure, oxygen saturation, and electrocardiogram monitoring is prudent, especially when an appreciable quantity of local anesthetic is
injected.
• Blunt, short-beveled needles are preferred over sharp
ones to avoid nerve damage.22-25
• Ultrasound guidance may be a valuable tool in assisting
with needle placement.26
Nerve stimulation may allow clinicians to approximate
neural structures.
• Mechanical trauma may still occur despite guiding needle placement with very low stimulation voltage.
Nerve stimulation is a popular technique for the location
and identification of nerve fibers.
• Nerve stimulation was introduced into contemporary
practice in 1973 by Montgomery and Raj against considerable opposition, particularly in the USA, where

Table 5. Altered perceptions after extremity sensory block.
Perception

Incidence

Heaviness

60%

Numbness

50%

Warmth

40%

Pain

30%

Full or fat

20%

Floating

5%

Shorter

0%

Thinner

10%

Adapted from Klein SM, Dimitrov D, Steele SM, Nielsen KC,
Warner DS, Martin A, Pietrobon R. Altered perceptions after upper
and lower extremity blocks: An initial investigation. Reg Anesth Pain
Med 2003; 28:433-438.
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many practitioners advocated the “dictum no paraesthesia, no anesthesia.”27-29
• Nerve stimulation, through the intentional avoidance of
direct contact with the nerve fibers, aims to reduce the
risk of neurologic complications.
• However, the relations between stimulating current,
motor and sensory response, success rates, and needlenerve distances are far from clear in the clinical setting.30-32 The needles used in nerve stimulation have
been traditionally classified, depending on whether or
not they possess an insulating coat.
• Uninsulated needles are cheaper and may be less painful
on insertion.
• However, the current emanates from the whole of the
needle shaft, with the maximum current density just
proximal to the tip.
• Thus, the needle is still capable of eliciting a response
when the tip has bypassed the nerve.
• In addition, the current is widely disposed through
the length of the needle. A greater current intensity is
required to generate the same electrical charge of the
nerve for any given duration of impulse.
Insulated needles have high precision in locating nerves.
• The stimulating current is concentrated in, directed
from, and forms a sphere around the needle tip, resulting in accurate delivery of local anesthetic solution or
injectate.
• Swelling sensation may be a useful indicator of sensory
blockade.33
• Table 5 lists the common altered perceptions after upper

A. Locate the ulnar nerve between the ulnar artery and the
pisiform bone, beneath the flexor carpi ulnaris tendon.

♦

extremity block.
Aspiration of syringe plunger should be performed with
any blocks to evaluate for intravascular needle position
prior to injection of solution.
• If blood is noted, the needle should be repositioned until
there is a certainty that blood is absent with aspiration.

Ulnar Nerve Block

♦

Blocks sensation to the ulnar side of the hand and the
medial 1½ digits.
• At the elbow
• Abduct the arm to 90 degrees while the patient lies
supine.
• Identify the olecranon process and the median epicondyle of the humerus.
• Locate the ulnar sulcus between these 2 bony
landmarks.
• After sterile preparation of the skin, an insulated
22-gauge, ⅝-inch blunt needle is inserted 3 – 5 cm
proximal to the sulcus. The motor response elicited is
abduction of the thumb and fifth digit.
• Slow injection of 5 – 10 mL of local anesthetic is
performed while checking incrementally for negative
aspiration of blood.
• Paresthesias are not recommended at this site due
to a high risk of neuritis. Injection intraneurally can
result because of the lack of distensible soft tissues.28
• At the wrist (Fig. 6)
• Locate the ulnar nerve beneath the flexor carpi ulna-

B. Inject 3- 5 mL of local anesthetic in a fan-like pattern
medially from the radial side of the tendon.

Fig. 6. Ulnar nerve block at the wrist: A) anatomical landmarks; B) technique.
From www.nysora.com; used with permission.
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ris tendon, between the ulnar artery and the pisiform
bone.
• Inject 3 – 5 mL of local anesthetic in a fan-like configuration medially from the radial side of the tendon.
Radial Nerve Block

♦

Blocks sensation to the lateral aspect of the dorsum of the
hand including the first digit and the proximal portion of
the first, second, third, and lateral half of the fourth digits.
• At the humerus
• Abduct arm 35 to 45 degrees and place hand on the
abdomen.
• Identify the lateral epicondyle of the humerus and
locate the musculospiral groove by deep palpation
between the heads of the triceps muscle approximately 3 inches above the epicondyle.
• After sterile preparation, insert a 25-gauge, 1-inch
needle perpendicular to the lateral aspect of the
humerus.
• Elicitation of paresthesia or nerve stimulation may
be used to approach the nerve. Motor stimulation
results in extension of the fingers and wrist.
• Slowly and incrementally inject 7 – 10 mL of solution frequently, aspirating for blood.
• At the elbow
• Arm is abducted at the patient’s side.

A. The radial nerve branches at the level of the distal radial
prominence or styloid.

Nguyen, Simopoulos

• Flex the elbow slightly with the dorsum of the hand

elevated on a folded towel.

• Identify and mark lateral margin of biceps tendon at

the intercondylar line.

• After sterile preparation, insert a 25-gauge, 1½-inch

needle at a point 2 cm lateral to the mark.

• Nerve stimulation and paresthesia may be elicited

to locate the nerve while exercising caution to avoid
mechanical trauma.
• Slowly and incrementally inject 3 – 5 mL of solution,
frequently aspirating for blood.
• At the wrist (Fig. 7)
• Abduct and externally rotate the arm at the patient’s
side.
• Flex the elbow slightly with the dorsum of the hand
on a folded towel.
• Identify the flexor carpi radialis tendon by instructing patient to flex the wrist.
• Identify the distal radial prominence or the styloid.
• After sterile preparation, insert a 25-gauge, 1½-inch
needle at a perpendicular angle lateral to the flexor
carpi radialis tendon and just medial to the radial
artery at the level of distal radial prominence.
• Nerve stimulation and paresthesia may be elicited
to locate the nerve while exercising caution to avoid
mechanical trauma.
• Slowly inject 5 mL of solution.

B. The styloid is depicted by a circle in this picture. Inject at the
level of this landmark or slightly proximally, lateral to the flexor
carpi radialis tendon, and medial to the radial artery.

Fig. 7. Radial nerve block at the wrist: A) anatomy of the radial nerve and its distal branches; B) technique.
From www.nysora.com; used with permission.
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Fig. 8. Median nerve block at the elbow: anatomical landmarks.

Reproduced from Hadzic A, Vloka JD, Peripheral Nerve Blocks, with permission from McGraw-Hill Companies and the New York
School of Regional Anesthesia.

• Slowly inject 2 – 4 mL of solution after negative

Median Nerve Block

♦

Blocks sensation to the palmar aspects of the first 3 digits,
the radial half of the fourth digit, and the nail beds of all
digits except for the fifth.
• Elbow technique (Fig. 8)
• Abduct arm at patient’s side.
• Draw a line between the medial and lateral epicondyles of the humerus.
• Locate and mark the brachial artery medial to the
biceps tendon along interepicondylar line.
• After sterile preparation, insert a 25-gauge, 1½-inch
needle at a point medial to the brachial artery and
biceps tendon.
• Nerve stimulation and paresthesia may be elicited
to locate the nerve while exercising caution to avoid
mechanical trauma. Stimulation of the median nerve
results in flexion of the fingers and wrist.
• Slowly and incrementally inject 3 – 5 mL of solution while
frequently aspirating for blood, or 5 – 10 mL of solution
in a fan-like configuration medial to the artery.28
• Wrist technique (Fig. 9)
• With arm supinated, identify flexor carpi radialis and
palmaris longus tendons.
• At a point 2 – 3 cm proximal to the wrist crease,
insert a 25-gauge, 1-inch needle through the flexor
retinaculum until a loss of resistance is felt.

aspiration.

• As the needle is withdrawn, inject an additional 1 mL

superficial to the retinaculum to anesthetize the superficial palmar branch of the medial nerve.
• Elicitation of paresthesias is contraindicated in this area
because of the risk of nerve injury in a confined anatomical area.
Musculocutaneous Nerve Block

♦

Blocks sensation to the skin of the lateral forearm up to
the radiocarpal joint.
• Elbow technique
• With arm supinated, identify the interepicondylar
line.
• At 1 cm proximal to the interepicondylar line, lateral
to the biceps tendon, slowly inject 3 – 5 mL of solution subcutaneously in a fan-like configuration.34

Suprascapular Nerve Block

♦

♦

Blocks the posterior and lateral aspect of the shoulder joint.
• Identify acromioclavicular joint and junction of clavicle
with the insertion of the trapezius muscle.
• Insert a 25-gauge, 2-inch needle inferiorly and anteriorly until located by paresthesia or nerve stimulation.
Slowly inject 5 – 7 mL of solution.
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A. Locate the palmaris longus and flexor carpi radialis tendons, as marked by the purple lines above.
The median nerve lies between these 2 tendons.

B. Approximately 2 - 3 cm proximal to the wrist crease, insert a 25-gauge needle through
the flexor retinaculum until a loss of resistance is felt.

Fig. 9. Median nerve block at the wrist: A) anatomical landmarks; B) technique.
From www.nysora.com; used with permission.

Metacarpal and Digital Nerves (Fig. 10)

♦

Each digit can be anesthetized with needle placement
on the dorsum of each side of the digit just distal to the
metaphalangeal joint.

• A superficial injection of a small volume of local anes-

thetic that does not contain Epinephrine will block the
dorsal digital nerve, and a deeper injection will block
the volar digital nerve.
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A. Anatomical landmarks.

B. Just distal to the metacarpophalangeal joint, inject local
anesthetic in a superficial plane to block the dorsal digital
nerve and then deeper until the needle almost pierces the
palmar skin to block the volar digital nerve.

Fig. 10. Digital nerve block technique: A) anatomical landmarks; B) technique.
From www.nysora.com; used with permission.

Precautions

♦

♦
♦
♦
♦

Detailed knowledge of anatomy, medication dosing, and
the experience of the clinician allow the safe administration of a neural blockade.
• Nerve blocks are contraindicated under the following
conditions:
• Infection at the injection site
• Blood clotting abnormalities
• Allergic reactions to injectate
• Lack of informed consent.
Careful aspiration before injection and avoidance of
trauma when eliciting paresthesia may prevent most
complications.
Wait for paresthesia to resolve before injecting anesthetic
solution.
Reposition needle if significant pain occurs on injection.
Supplementary blocks may significantly increase the risk
of neural injury because of the absence of warning signs,

♦
♦
♦
♦

such as paresthesias, when probing into partially anesthetized nerves.
Appropriate precautions must be taken in patients on
anticoagulants and antiplatelet therapy.
In stopping anticoagulant therapy, one should take into
consideration the risk/benefit ratio of the procedure, and
prior to a decision to proceed, also consult with the physician in charge of anticoagulant therapy.
It is prudent to advise the patient to contact the physician
in charge of anticoagulant therapy and let him/her make
the decision as to the date to stop and for how long.
Aspirin and NSAIDS alone are considered safe.35
• However, combination of these drugs or other antiplatelet therapy with clopidogrel (Plavix) or Ticlopidine
(Ticlid) may be considered to increase risk of spinal
hematoma.
• Thus, the risk and potential discontinuation may be
considered by the physician in charge of antiplatelet
therapy.
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Side Effects and Complications

♦

♦

♦

The clinician must evaluate and inform patients about
potential complications.
• Table 6 lists common complications associated with
peripheral nerve blocks.
• Table 7 lists the predisposing factors to perioperative
nerve injury that must be evaluated prior to instituting
neural blockade.35
• Needle trauma and local anesthetic neurotoxicity are
the etiologies of most neurologic complications.23
• Use of blunt, small gauge needles is recommended.
• Selection of local anesthetic and/or steroids requires
exact knowledge of toxicities, therapeutic indexes, and
the experience of the clinician.
• Pain on injection and paresthesia are danger signals of
potential injury and must not be ignored.22
Local anesthetic toxicity may result in dizziness, confusion, serious convulsions, and/or cardiovascular collapse.
• Aspiration and fractionated dosing with continuous
observation for signs and symptoms of local anesthetic
toxicity are musts during an injection.
Caution should be exercised when using large doses of
bupivacaine in confined areas.
• Transient neuropathies of up to 4 months’ duration have
been reported after injection in metacarpal and wrist
areas for surgery or pain relief.22

Nguyen, Simopoulos
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Table 6. Complications of peripheral nerve blockade.
Complications of
Peripheral Neural Blockade

Incidence

Permanent neurological injury

1.9 per 10,000

Systemic local anesthetic toxicity

7.5 per 10,000

Hematoma

Extremely rare

Adapted from Faccenda and Finucane.22 Complications of regional
anaesthesia: Incidence and prevention. Drug Saf 2001; 24:413-442.

Table 7. Risk factors contributing to nerve injury.

♦

♦
♦

Patient risk factors
• Pre-existing neurological disorders
•	Male gender
• Increasing age
• Extremes of body habitus
• Pre-exising diabetes mellitus
Anesthetic risk factors
• Needle or catheter-induced mechanical trauma
• Ischemic injury (vasoconstrictors)
• Perineural edema
Surgical risk factors
• Surgical trauma or stretch
•	Tourniquet ischemia
• Vascular compromise
• Perioperative inflammation
• Postoperative infection
• Patient positioning
• Hematoma
• Cast compression or irritation

Adapted from Horlocker et al.35 Regional anesthesia in the
anticoagulated patient: Defining the risks (the second ASRA
Consensus Conference on Neuraxial Anesthesia and Anticoagulation).
Reg Anesth Pain Med 2003; 28:172-197.

Key Points
1. Upper extremity nerve blocks remain accepted modalities in the management of acute pain related to surgery or trauma.
2. Blockade of peripheral nerves in the upper extremity may further substantiate the diagnosis of a painful focal neuropathy
and lead to the palliation of symptoms.
3. A working diagnosis and baseline neurological examination is necessary before a therapeutic neural blockade is instituted.
4. Anatomic knowledge of upper extremity peripheral nerves is necessary in order to avoid complications. When possible the
application of nerve stimulation and ultrasound may enhance success.
5. When performing a neural blockade, meticulous technique is a must to avoid placement of the needle or the injectate into
a nerve or blood vessel.
6. Known risk factors contributing to perioperative nerve injury must be taken into account before proceeding with a nerve
block.
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Anatomical Review
Lumbar Plexus

♦ The lumbar plexus is formed by the anterior divisions of
the first 4 lumbar nerves.

♦ L1 receives a branch from T12 and splits into an upper
and a lower branch.

♦ The upper branch divides into the iliohypogastric and ilioinguinal nerves.

♦ L2 receives the lower branch from L1 and gives origin to 2

nerves: the genitofemoral nerve and the femoral cutaneous
nerve.
♦ Remainder of L2 and L3-4 split into a ventral and dorsal
division. The ventral division of the L2-4 nerves unites to
form the obturator nerve. The dorsal divisions of the L2-4
nerves unite to form the femoral nerve.
♦ Form and location: The plexus forms a triangle with its
vertex located along the vertebral bodies and its base
made of a line joining the anterior superior iliac spine, the
inguinal ligament, and the pubic spine. The plexus runs in
between the 2 fasciculi of the psoas major muscle.
♦ Anastamosis: Aside from the ones among the lumbar nerves described, lumbar nerves are connected with
the sympathetic trunk by means of gray and white rami
communicantes.
Iliohypogastric Nerve (T12-L1)

♦ The iliohypogastric nerve emerges from the upper part of

the lateral border of the psoas major and crosses obliquely to the iliac crest on the anterior aspect of the quadratus lumborum. It then perforates the posterior part of
the transversus abdomini and divides into a lateral and
an anterior cutaneous branch. The lateral (iliac) branch
347

pierces the obliqui internus and externus and is distributed
to the skin of the gluteal region. The anterior cutaneous
branch (hypogastric branch) continues onward between
the internal oblique and becomes cutaneous by perforating the fascia of the external oblique. It is distributed to
the skin of the hypogastric region.
Ilioinguinal Nerve (T1/2-L1)

♦ The ilioinguinal nerve has the same origin, course and
relationships as the iliohypogastric nerve and is located
below it.1
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Femoral Cutaneous Nerve (L2)

♦ The femoral cutaneous nerve emerges from the lateral

aspect of the psoas major and crosses the inferior part of
quadratus lumborum and iliacus muscle wrapped in its fascia toward the anterior superior iliac spine. It then passes
under the inguinal ligament into the thigh on the anterior
aspect of the Sartorius muscle, where it divides into an
anterior and posterior branch. The anterior branch divides
into branches to supply the skin of the anterior and lateral
parts of the thigh. The posterior (gluteal) nerve supplies
the skin over the gluteal region and posterior aspect of the
thigh. 2

Genitofemoral Nerve (L2)

♦ The genitofemoral nerve runs along the anterior aspect of

the psoas major wrapped in its fascia; it continues along
the external border of the primitive iliac artery and external iliac vessels (sending a vasomotor filament to them). It

Fig. 1. Lumbosacral plexus.

then divides into 2 branches at a variable height above the
inguinal ligament: a genital branch that passes through the
inguinal ring and supplies innervation to the scrotum or
the labia majora, and a femoral branch that sends filaments
to the epigastric and external iliac arteries, to the internal
oblique and transversus abdominis muscles. It then passes
beneath the inguinal ligament lying lateral to the femoral
artery and pierces the fascia cribrosa to supply the skin of
the Scarpa’s triangle. 3
Posterior Lumbar Plexus Block

♦ The posterior lumbar plexus block is attractive in that it

anesthetizes the plexus at its origin (i.e., the roots of the
lumbar plexus). Successfully placing local anesthetic at the
level of the roots of the lumbar plexus will ensure blockade of all its branches using a single injection. As with the
upper extremity, the more distal from the origin of a plexus
a block is performed, the more chance of an incomplete
block owing to arborization of the plexus.

Reprinted from Greengrass.2 Posterior lumbar plexus block. Tech Reg Anesth Pain Mgmt 2003; 7:3-7,
with permission from Elsevier.
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Psoas Sheath Block

The psoas sheath block4 places anesthesia in the psoas
muscle 3 to 4 cm lateral to L3. Although this approach is successful in producing lumbar plexus anesthesia, it has a significant incidence of epidural anesthesia4 and has been associated
with renal hemorrhage (Fig. 2).5
Psoas Compartment Block

♦ The lumbar plexus is blocked at the level of L4-L5 by the

psoas compartment block.6 At the level of L5, the lumbar plexus is within the substance of the psoas muscle.
CT imaging showed that the femoral nerve is at a depth
of 9.01±2.43 cm; the psoas major medial border is at
2.73±0.64 cm from the medial sagittal plane; and its lateral border is 6.41±1.61 from the same plane.7
• Technique: The patient is positioned lateral with the
hips maximally flexed, and the knees flexed. A line
joining the upper borders of the iliac crests is drawn
(intercristal line). A mark is made where the intercristal line crosses the spine or spinous interspace. From
this a mark is made 3 cm caudad and 4 cm lateral (Fig.
2). A 100mm insulated needle is inserted perpendicular to the skin a distance of 4 to 9+ cm (depending
on body habitus) looking for a quadriceps contraction.
If the transverse process of L5 is contacted, the needle
depth is noted, and the needle is returned to the skin,

Fig. 2 . Psoas compartment block. From the intercristal
line (line joining the iliac crests), a line 4 cm lateral
and 3 cm caudad is drawn. This is the point of needle
insertion.

Adapted from Greengrass.2 Posterior lumbar plexus block.
Tech Reg Anesth Pain Mgmt 2003; 7:3-7, with permission
from Elsevier.
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redirected cranially, and inserted a further one to 2 cm.
After quadriceps stimulation is elicited, local anesthetic
is injected incrementally (30 mL in adult).
♦ The psoas compartment method requires identification
of the transverse process. Technical difficulties with this
relate to location of the transverse process sufficiently
lateral to avoid the central neuraxis and difficulty in
manipulating the needle between the transverse process.8 A modification of the psoas compartment block
has been described using an injection point much more
medial. This approach has been associated with an
unacceptable incidence of epidural spread.9
Posterior Lumbar Plexus Block

♦ This block is the most common approach based on the

technique described by Winnie et al.10 The patient is positioned as for the psoas compartment block. The intercristal line is drawn. The posterior superior iliac spine is identified and a circle is drawn around it. From the midpoint
of the circle, a line is drawn parallel to the lumbar spines.
Intersection of the 2 lines is the point of needle insertion
(Fig. 3).
♦ An insulated 100-mm needle is inserted perpendicular to
the skin to a distance of 4-9 cm, searching for quadriceps
stimulation. If, after insertion of the needle at an appropriate depth to patient habitus, no stimulation is observed, the
needle is returned to the skin and redirected slightly medi-

Fig. 3 . Posterior lumbar plexus block. Needle is inserted
at the point of intersection of the (2) intercristal line (line
joining the iliac crests) and the line through the posterior
superior iliac spine (PSIS).
Adapted from Greengrass.2 Posterior lumbar plexus block.
Tech Reg Anesth Pain Mgmt 2003; 7:3-7, with permission
from Elsevier.
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ally to approach a point at insertion depth one cm more
medial. The process is repeated one further time if necessary. If the transverse process of L4 is contacted, the needle
depth is noted, withdrawn to the skin, and redirected from
the same point caudally and one to 2 cm deeper. After quadriceps stimulation is elicited, local anesthetic is injected.
Successful block provides anesthesia over the anterior,
medial, and lateral aspects of the thigh and medial aspect
of the leg with inability to flex the hip or knee.
If sacral stimulation (e.g., hamstring contraction) is elicited, the needle has been directed too medially. Injecting local anesthetic after such stimulation significantly risks the possibility of epidural spread. The needle
should be redirected laterally, searching for quadriceps
stimulation.
Complications of posterior lumbar plexus blocks include
central neuraxial spread, both spinal and epidural.11 Medial approaches have a significant incidence of central neuraxial spread.9 Transient lumbar plexopathy secondary to
psoas hematoma has been reported in an anticoagulated
patient who received a lumbar plexus block.12 Introduction of the needle cranially (at L3) has been associated
with renal hematoma. The lower poles of the kidney reach
the level of L3 during quiet respiration but may reach the
level of L3-4 during deep insipiration. Thus, a more caudal
approach to the lumbar plexus is recommended.
There are 3 major nerves of the thigh, each associated with
one of the three components (Table 1).
• Anterior compartment: femoral nerve
• Medial compartment: obturator nerve
• Posterior compartment: sciatic nerve

Femoral Nerve

The femoral nerve originates from the lumbar plexus on
the posterior abdominal wall and enters the femoral triangle
by passing under the inguinal ligament. The femoral nerve is
formed by lumbar nerve roots 2 to 4 (L2-L4), passing through
the fibers of the psoas muscle at its lower lateral border (Fig. 4).
It then descends in the groove between the psoas and the iliacus muscles. At the level of the inguinal ligament, the femoral
nerve lies anterior to the iliopsoas muscle and slightly lateral
to the femoral artery. After passing under the inguinal ligament, the femoral nerve divides into anterior (superficial) and
posterior (deep) branches that supply the muscles and skin of
the anterior and medial thigh, knee and hip joints and medial
aspect of the leg and foot (Figs. 4 and 5).
♦ This is an important point if needle entry during a block
is too distal; an incomplete block will result as the femoral
nerve has already divided.
♦ The femoral nerve is predominantly a motor nerve. It supplies motor innervation to the quadriceps femoris (rectus
femoris, vastus intermedius, vastus lateralis, vastus medialis), Sartorius, and pectinius muscles.
♦ Sensory innervation: to anteromedial aspect of thigh and
knee, terminating as saphenous nerve at the level of the
knee.
♦ Sheath: The femoral nerve and fascial sheath are in close
continuity with the femoral artery and vein. The femoral
vessels lie within the femoral sheath between the fascia
lata and the fascia iliaca. In contrast, the femoral nerve lies
within its own sheath deep to the fascia iliaca, which separates it from the femoral artery and vein.

Table 1. Lumbar plexus innervation.
Lumbar plexus branches

Roots

Sensory distribution

Motor distribution

Femoral nerve

L2-L4

Lateral femoral cutaneous
nerve

Skin on anteromedial aspect of thigh,
leg and foot, and hip and knee joints

Quadriceps femoris, Sartorius,
pectinius and iliacus muscle

L2-L3

Skin on anterolateral aspect of thigh

None

Obturator nerve

L2-L4

Skin on anterior, medial, and posterior
aspects of proximal parts of thigh, hip
and knee joints

Adductor longus, adductor brevis,
adductor magnus, gracilis and
obturator externus

Iliohypogastric nerve

L1

Ilioinguinal nerve

L1

Genitofemoral nerve

L1-L2

Skin on superolateral quadrant of
buttock

Skin over femoral triangle (proximal
and medial aspect of thigh), anterior
part of scrotum, mons pubis and labia
majora

Skin over femoral triangle, scrotum, and
labia majora

Abdominal musculature
Abdominal musculature
Cremaster muscle
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iliac fascia
psoas m.
femoral n.
femoral art.
and ve.
arrow into
femoral sheath

femoral sheath
cut edge of
fascia lata

A. Anterior view.

B. Cross-sectional views.

Fig. 4. Femoral nerve anatomy and lower extremity
dermatomes. Reprinted from Nielsen and Steele.1 Femoral

nerve blocks. Tech Reg Anesth Pain Manag 2003; 7:8-17, with
permission from Elsevier.

Fig. 5. Anterior and cross-sectional views of the femoral
nerve. Reprinted from Nielsen and Steele.1 Femoral nerve
blocks. Tech Reg Anesth Pain Manag 2003; 7:8-17, with permission from Elsevier.
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Techniques

Fascia Iliaca Compartment Block (Modified 3-in-1 Block)

Single Injection Femoral Nerve Block

♦ A variation of the 3-in-1 block in the fascia iliaca compart-

♦ The patient is placed supine, and the anterior superior iliac
♦

♦

♦
♦

spine, pubic tubercle, inguinal ligament, and femoral artery
pulsation are identified.
The femoral artery is palpated below the inguinal ligament. The needle insertion is approximately one cm lateral
to the femoral artery and one cm caudad to the inguinal
ligament. The needle should be directed and advanced in a
sagittal plane at 60° cephalad.
The stimulation of the quadriceps muscle (specifically
patella twitches) is sought with nerve stimulation technique. Medial and lateral muscle twitches are elicited when
the needle is too distal, medial, or lateral to the central part
of the nerve.
20-35 mL of local anesthetic are injected at this level,
although isolated femoral nerve block has been described
with less volume.13
Among published description of the technique, the needle
insertion sites vary widely. Casati et al14 described a slightly more distal insertion site. These investigators studied 4
different needle insertion sites in human cadavers. They
suggested that the femoral nerve is localized most consistently when the needle is inserted at the level of the
inguinal crease (natural skin fold 4-6 cm below the inguinal ligament) and immediately adjacent to the artery. In
addition, the femoral nerve is more superficial and has
greater width at the level of the inguinal crease facilitation
performance of femoral nerve block in patients.14

3-in-1 Block (Inguinal Paravascular Technique)

♦ In 1973 Winnie et al15 suggested that a single paravascular

injection just inferior to the inguinal ligament and lateral
to the femoral artery could block 3 separate nerves: the
femoral, lateral femoral and obturator nerves. The landmarks are similar as described above. However, the needle
is directed cephalad at a 45° angle and distal pressure is
applied to the femoral perineural sheath during injection.
♦ Unfortunately, mainly the femoral nerve is blocked; the
obturator and lateral femoral nerves are spared by this
method, making it unreliable if complete lumbar plexus
block is desired.
♦ Marhofer et al16 studied MRI distribution of local anesthetic after a 3-in-1 block. They found sufficient spread
to block the lateral femoral cutaneous and femoral nerves,
but only slightly medial and cephalad spread, thus consistently sparing the posterior branch of the obturator nerve
and the lumbar plexus.

ment block was described by Dalens et al.17 They determined that the local anesthetic spreads medial and lateral
(rather than cephalad). This results in the blockade of the
femoral nerve and the lateral femoral cutaneous nerve. To
provide improved results they also suggested that the local
anesthetic be injected posterior to the fascia iliaca which
would spread better and hence cover the 3 nerves.
♦ The needle is inserted at the junction of the lateral one
third and medial two thirds of the inguinal ligament (Fig.
6). Rather than stimulation, a loss-of-resistance (double
pop) technique may be used to feel the entry through the
fascia lata and again as the needle penetrates the fascia
iliaca. Local anesthetic is then injected with digital pressure held distally to promote cephalad spread.
♦ Capdevila et al18 showed that the fascia iliaca compartment technique is particularly advantageous over the 3-in1 block in producing simultaneous blockade of the femoral
and lateral femoral cutaneous nerves. This technique has
been used successfully for postoperative pain control after
hip, knee, and femur surgeries.18,19
Continuous Femoral Nerve Blocks

♦ The goal is achieved by placing a catheter within the fascial sheath surrounding the target nerve.

♦ The authors advocate injection of the initial bolus of local

anesthetic solution before catheter placement. The initial
bolus facilitates the placement of the catheter by distending the nerve sheath.
♦ Several investigators consider that the use of a perineural femoral catheter produces a continuous 3-in-1 block,
although no radiographic evidence of the catheter proximity to the lumbar plexus was evaluated. Inconsistently,
Barthelet et al20 showed that local anesthetic administered
continuously via femoral catheters produced a blockade
limited to the femoral nerve distribution.
♦ Capdevila et al21 performed 100 continuous 3-in-1 blocks
inserting the catheter 16 to 20 cm into the femoral fascial
sheath. All the catheters were injected with 30 mL of contrast and frontal radiographs of the pelvic region then were
performed. The investigators reported that the courses of
the catheters were completely unpredictable and only 23%
of the catheters were positioned ideally with their tips near
the lumbar plexus.
♦ Ganapathy et al19 found similar results in a study evaluating 62 continuous fascia iliaca compartment blocks using
CT scan. In this study, only 40% of the catheters were
positioned appropriately close to the lumbar plexus.
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Fig. 6. Fascia iliaca compartment block.

Reprinted from Nielsen and Steele.1 Femoral nerve blocks.
Tech Reg Anesth Pain Manag 2003; 7:8-17, with permission
from Elsevier.
Obturator Nerve (L2-L3-L4 Anterior Divisions)

♦ The obturator nerve descends on the medial border of

the psoas major; it crosses the sacroiliac joint, and runs
along the lateral wall of the lesser pelvis in front of the
obturator vessels. It then enters the obturator canal, where
it divides into terminal and collateral branches. The collateral branches are 2 articular nerves that supply the hip
joint and a muscular branch that supplies the obturator
externus.
♦ The obturator nerve innervates:
• All muscles in the medial compartment of the thigh,
except the part of the adductor magnus muscle that
originates from the ischium and the pectineus muscle,
which are innervated by the sciatic and the femoral
nerves, respectively.
• The obturator externus muscle.
• Skin on the medial side of the upper thigh.

Datta, Pai
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Fig. 7. Illustration of the traditional pubic and inguinal approach for obturator nerve block. In the pubic approach, the
insertion point of the needle is 2 cm lateral and 2 cm inferior
to the pubic tubercle. In the inguinal approach, the insertion point of the needle is at the midpoint of the line drawn
between the femoral arterial pulse and the inner border of
the adductor longus tendon.(1) anterior superior iliac spine;
(2) pubic tubercle; (3) inguinal ligament; (4) inguinal
crease; (5) insertion point of the needle in the pubic approach.
(6) insertion point of the needle in the inguinal approach (7)
femoral pulse (8) inner border of the adductor longus tendon.
Reprinted with permission from Choquet et al.3 A new
inguinal approach from the obturator nerve blocks: Anatomical and randomized clinical studies. Anesthesiology 2005;
103:1238-1245.

♦ Pubic tubercle technique: With the patient supine and the

legs slightly abducted and externally rotated, the needle
is inserted posteriorly and 20° laterally, 2 cm lateral and 2
cm caudal to the pubic tubercle. Intentional contact with
the inferior border of the superior pubic ramus bone and
sliding off the inferior margin of the superior ramus is not
purposefully attempted. Stimulation is begun with a current of 3 mA for 0.1 ms at 1 Hz (Fig. 7).3
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♦ Inguinal obturator nerve technique:3 The patient is placed

supine with the legs slightly abducted, hips flexed, and
marked with a line showing the inguinal crease. The
adductor longus tendon is identified as the most superficial palpable tendon in the medial part of the thigh. A
mark on the skin is made in the inguinal crease at the
midpoint of the line drawn between the inner border of
the adductor longus tendon and the femoral arterial pulse.
The point corresponds to the center of an easily palpable groove between the vascular bundle and the adductor
longus tendon. The needle is then inserted at this insertion point in a 30° cephalad direction until contractions
of the gracilis or adductor longus muscle is elicited. The
adductor longus response of the obturator nerve (anterior
branch) is observed at the anterior part of the inner thigh.
Weak contraction of the gracilis, which frequently accompanies the former, forms a narrow muscular band down to
the medial part of the knee. The needle is then inserted
deeper and in a 5° lateral direction until contractions of
the adductor magnus muscle are elicited. The adductor
magnus response of the obturator nerve (posterior branch)
appears at the posterior part of the inner thigh and produces a noticeable hip adduction.

Sciatic Nerve Anatomy

♦ The sciatic nerve is a motor and sensory nerve originating
♦

♦
♦

♦
♦

from the sacral plexus, which is formed by the ventral rami
of L4 to S4.
From its origins, it is constituted by the tibial nerve medially and posteriorly, and by the common peroneal nerve
laterally and anteriorly. These 2 nerves are enclosed in a
common sheath.
The sciatic nerve, the superior and inferior gluteal nerves
and the pudendal nerve, which comprises the sacral plexus,
converge to form a triangle.
It leaves the pelvis through the greater sciatic foramen inferior to the piriformis muscle, enters and passes through the
gluteal region, and then enters the posterior compartment
of the thigh where it divides into 2 main branches — the
common fibular nerve and the tibial nerve.
Posterior divisions of L4 to S2 are carried in the common
fibular part of the nerve, and the anterior divisions of L4
to S3 are carried in the tibial part.
The sciatic nerve innervates:
• All muscles in the posterior compartment of the thigh.
• The part of the adductor magnus originating from the
ischium.
• All muscles of the leg and foot.
• Skin on the lateral side of the leg and lateral side and
sole of the foot.

Techniques
General Considerations

♦ Single-shot sciatic nerve blocks, irrespective of approach

require a lesser volume than for blocks performed at the
level of the popliteal fossa (15-25 mL vs. 30-40 mL).
♦ Use of a nerve stimulator helps to optimize the success rate
of any sciatic nerve block. Stimulation of the sciatic nerve
produces a dorsiflexion of the foot with an extension of the
toes or an eversion (stimulation of the common peroneal
nerve), or a plantar flexion of the foot and toes or an inversion (stimulation of the tibial nerve).
♦ A contraction of the hamstring muscle usually indicates
that the needle is too medial.
• With patient in the supine position, the sciatic nerve
can be approached either anteriorly or laterally.
Around the lesser trochanter, the sciatic nerve runs
medial and posterior to the femur. A few centimeters
distally until the popliteal fossa, the sciatic nerve runs
posterior to the femur until its division into the tibial
and common peroneal nerves.
• The relationship between the sciatic nerve and the
femur dictates that anteriorly this nerve can only be
approached at the proximity to the lesser trochanter.22 In contrast, the sciatic nerve can be approached
laterally at any level between the greater trochanter
to the popliteal fossa.
Anterior Approach

♦ A line is drawn between the lower border of the anterior

superior iliac spine and the superior angle of the pubic
tubercle. A perpendicular line is drawn in the middle and
extended distally by 8 cm to define the site of introduction
of the needle. A 150-mm insulated needle connected to a
nerve stimulator is introduced through the skin and the
quadriceps muscle. Because of the proximity of the femoral nerve, in most cases movement of the patella is elicited. The depth at which the femur is contacted allows for
an estimation of depth at which the sciatic nerve will be
located (distance of bone contact plus 3-4 cm). The needle
is withdrawn to the skin after the skin is moved medially
1.5 to 2 cm; the needle is introduced by repeating the same
approach (Fig. 8).
♦ If the needle path continues to be obstructed by the
femur, it is most likely that the needle is being introduced
at the level of the lesser trochanter. In this case, an
internal rotation of the foot helps swing the lesser trochanter laterally and allows for needle passage toward
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Fig. 8. High sciatic nerve approaches: ASIS, anterior superior iliac spine; SBPS, superior border of the symphysis pubis;
GT, greater trochanter; IT, ischial tuberosity; PSIS, posterior superior iliac spine; SH, sacral hiatus. X represents site of
introduction of the needle.
Reprinted from Chelly.30 Sciatic nerve block. Tech Reg Anesth Pain Med 2003; 7:18-25, with permission from Elsevier.

the sciatic nerve. Alternatively, the site of needle insertion
is moved one cm cephalad to avoid the lesser trochanter
altogether.
♦ The anterior approach to the sciatic nerve is typically performed in combination with a femoral nerve block. It is
recommended to first perform the femoral block because
it allows the sciatic block to be performed with minimal
discomfort to the patient. The introduction of the needle
into the hamstring muscle (sciatic innervation) is also
associated with some discomfort and is a signal that the
needle has been introduced too far.
Lateral Approaches
Anatomical Landmarks for Lateral Approaches

♦ For a high lateral approach, the greater trochanter is used;
for a low lateral approach, the tip of the patella and the
groove between the biceps femoris and the vastus lateralis
are used.

♦ For a high lateral technique, the greater trochanter is iden-

tified and the 150-mm insulated needle connected to a
nerve stimulator is introduced perpendicular to the skin, 3
cm distal from the greater trochanter and below the posterior border of the femur. Within 10 to 13 cm, the sciatic
nerve is stimulated.
♦ If the needle is introduced too anteriorly, the needle usually contacts the femur within 3 to 6 cm.
♦ For a low lateral technique, the groove between the biceps
femoris and the lateral border of the vastus lateralis muscle
is identified and marked. The site of introduction of the
needle is the intersection between the groove line and a
vertical line drawn 10 cm cephalad from the tip of the
patella. A 100-mm insulated needle connected to a nerve
stimulator is introduced posteriorly at a 30º angle. Initially, a local contraction of either the biceps femoris or
vastus lateralis is observed while the insulated needle is
introduced. Within 4 to 6 cm, the local contractions disappear, and within an additional one to 3 cm, a sciatic motor
response is elicited.
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Patient in the Lateral Position: Parasacral Approach

♦ The parasacral approach results in a block of the sacral

♦
♦
♦
♦

plexus after its emergence from the greater sciatic foramen. Thus, this technique produces a block of the sciatic
nerve as well as the other nerves that comprise the sacral
plexus (superior and inferior gluteal nerves, posterior cutaneous nerve of the thigh and pudendal nerve).
This approach frequently blocks the sympathetic trunks
(increased chance of urinary retention) and the obturator
nerve because of their proximity.
The anatomic landmarks are the posterior iliac spine and
the ischial tuberosity. The site of introduction of the needle is 7 cm distal from the posterior iliac spine.
A 22-gauge, 100-mm insulated needle connected to a
nerve stimulator is introduced perpendicular to the skin.
Within 6 to 8 cm, there is stimulation of the sciatic nerve.
Because the parasacral approach often is combined with a
lumbar plexus block, the depth at which the lumbar plexus
is stimulated is a good indicator of the depth at which the
sciatic nerve will be stimulated.

reoriented either more medially or laterally.

♦ Gluteal and subgluteal approach: This approach consists of 2

anatomic landmarks: the greater trochanter and the ischial
tuberosity. At this level the sciatic nerve runs posterior
and medial to the femur on the posterior aspect of the
adductor magnus.
♦ Gluteal block: This approach was described by Sutherland24
in 1998 and represents a variant of an approach described
earlier by Raj et al.25 A 22-gauge, 100-mm needle is introduced perpendicular to the skin in the middle of the line
drawn between the ischial tuberosity and the greater trochanter. Within 5 to 7 cm, the sciatic nerve is stimulated.
♦ Subgluteal block: The subgluteal block has been introduced
recently by di Benedetto et al.26 A line is drawn joining
the greater trochanter and the ischial tuberosity. From the
midpoint of this line, a perpendicular line is extended caudally from 4 cm. At this level, a skin depression is palpated,
representating the groove between the biceps femoris and
the semitendinosus muscle. This point represents the site
of the introduction of the needle.

Posterior Approach

Sciatic Nerve Block with the Patient in a Prone Position

♦ This is the oldest and most commonly performed approach

♦ Three anatomic landmarks are used that define the poste-

to block the sciatic nerve, especially for a single block.

♦ Labat’s original description in 1922 was based on the use
♦

♦

♦
♦

of only 2 anatomic landmarks, the greater trochanter and
the posterior iliac spine. Winnie23 introduced another
landmark, the sacral hiatus.
Classic approach: The greater trochanter, the posterior
superior iliac spine and the sacral hiatus are identified and
marked. A line is drawn between the greater trochanter
and the posterior iliac spine. A second line is drawn perpendicular to the greater trochanter and the posterior iliac
spine line at its middle.
The site of introduction of the needle is the intersection
of these perpendicular lines with the greater trochantersacral hiatus line. Depending on the size of the patient,
a 100- to 150-mm insulated needle connected to a nerve
stimulator is introduced perpendicular to the skin. First, a
direct contraction of the gluteus maximus muscle is elicited, which is then followed by stimulation of the sciatic
nerve.
Isolated stimulation of the piriformis muscle indicates that
the needle is too cephalad.
In some cases, the patient indicates a feeling of paresthesia
in the perineum, which indicates that the needle missed
the sciatic nerve and went too far through the sciatic foramen. In this case, the needle needs to be withdrawn and

rior popliteal fossa: the popliteal crease, the medial border
of the femoris biceps muscle laterally, and the tendon of
the semitendinosus muscle medially.
♦ A line is drawn joining the medial border of the biceps
femoris muscle laterally and the lateral border of the semitendinosus muscle medially at the level of the popliteal
crease. From the middle of this line, a perpendicular line
is extended 15 cm cephalad. The site of insertion of the
needle is one cm laterally. A 100-mm insulated needle
connected to a nerve stimulator is introduced through the
skin at a 60º angle. The sciatic nerve is usually located at a
depth of 8 to 10 cm.
Cutaneous Nerve Blocks of the Lower Extremity: Lateral
Femoral Cutaneous Nerve

♦ The lateral femoral cutaneous nerve emerges from the

lateral border of the psoas major, and crosses the iliacus
muscle obliquely towards the anterior superior iliac spine,
where it supplies the parietal peritoneum of the iliac fossa.
It passes behind or through the inguinal ligament, variably
medial to the anterior superior iliac spine (typically about
one cm) or through the Sartorius into the thigh, dividing
into anterior and posterior branches (Fig. 9).
♦ The anterior branch becomes superficial about 10 cm dis-
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tal to the anterior superior iliac spine supplying the skin of
the anterior and lateral thigh as far as the knee. It connects
terminally with the cutaneous branches of the anterior
division of the femoral nerve and the infrapatellar branch
of the saphenous nerve, forming the patellar plexus.
The posterior branch pierces the fascia lata higher than
the anterior, dividing to supply the skin on the lateral surface from the greater trochanter to about the middle of the
thigh and occasionally also supplying the gluteal skin.
Technique: The anterior superior iliac spine is palpated.
Next, a 4 cm needle is inserted 2 cm medial and 2 cm
caudad to the anterior superior iliac spine. The needle
is advanced until a loss of resistance is felt as the needle
passes through the fascia lata.
An alternative technique is to direct the needle through
the skin in a slightly lateral and cephalad direction to strike
the iliac bone, just medial and below the anterior superior
iliac spine. Because the nerve emerges here, the deposition
of 10 mL of local anesthetic solution in a medial fanlikefashion should achieve satisfactory blockage of the nerve.
Another technique involves locating the fascial canal in
which the nerve lies as it passes under the inguinal canal.
A short beveled needle is inserted immediately medial to
the anterior superior iliac spine and advanced until the
loss of resistance is felt as the needle passes through the
external oblique aponeurosis. With a syringe attached, the
needle is advanced through the second loss of resistance
of the internal oblique muscle and the underlying fascia
iliaca. If the canal is located correctly, relatively small volumes (5-10 mL) of local anesthetic are injected.

Posterior Cutaneous Nerve of the Thigh

♦ The posterior femoral cutaneous nerve originates from

the dorsal branches of the first and second and from the
ventral branches of the second and third sacral rami, runs
through the greater sciatic foramen below the piriformis,
and descends under the gluteus maximus muscle with the
inferior gluteal vessels, posterior or medial to the sciatic
nerve. The nerve then descends to the back of the thigh,
deep to the fascia lata. Its branches are all cutaneous, distributed to the gluteal region, perineum, and the flexor
aspect of the thigh and leg.
♦ The position for this block is prone or supine with the
leg elevated 90º. The ischial tuberosity and the greater trochanter is located. The line between the greater trochanter
and the ischial tuberosity is marked, corresponding to the
gluteal fold. On this line, a point one-quarter the distance
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Fig. 9. High posterior popliteal approaches.

Reprinted from Chelly.30 Sciatic nerve block. Tech Reg
Anesth Pain Med 2003; 7:18-25, with permission from
Elsevier.

from the ischial tuberosity is located. A short-beveled
needle is used. A loss of resistance is felt as the superficial fascia is penetrated. The needle is advanced through
the next layer of fibro-fatty tissue in which it is difficult
to inject. A second loss of resistance is felt as the needle
emerges on the deep surface and 10-15 mL of local anesthetic is injected in a fanlike fashion (Fig. 9).
♦ The posterior cutaneous nerve of the thigh is invariably
blocked with a sciatic nerve block.
♦ To block the posterior cutaneous nerve of the thigh above
the knee level, such as for short saphenous vein stripping,
10 mL of local anesthetic is injected subcutaneously along
a line 5 cm above and parallel to the popliteal crease with
the patient in the prone position.
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Saphenous Nerve Block

♦ The saphenous nerve is the largest cutaneous branch of

♦

♦

♦

♦

♦

♦

♦

the femoral nerve. It descends lateral to the femoral artery
into the adductor canal, where it crosses anterior to become
medial to the artery. It proceeds vertically along the medial
side of the knee behind the Sartorius, pierces the fascia lata
between the tendons of the Sartorius and gracilis, and then
becomes subcutaneous.
From there it descends on the medial side of the leg with
the long saphenous vein along the medial tibial border.
It innervates the skin over the medial, anteromedial, and
posteromedial aspect of the lower leg, from above the knee
(part of the patellar plexus) to as low as the first metatarsophalangeal joint in some instances.
With patient in supine position, 5 to 10 mL of local anesthetic is injected as a ring deeply subcutaneously in a circular fashion starting at the medial surface of the tibial
condyle and ending at the dorsomedial aspect of the upper
calf.
It should be noted that the saphenous nerve branches into
numerous small branches as it enters the subcutaneous
space and as such it is often difficult to achieve block of the
extensive saphenous nerve network. For that reason, it is
always preferable to block the saphenous nerve as distally
as possible. For instance, to achieve anesthesia of the foot,
the saphenous nerve is best approached at the level of the
ankle, identically to the technique of the ankle block.
Proximal technique: blocks the saphenous nerve beneath
the Sartorius muscle at the superior border of the patella.
The needle is inserted deep into the Sartorius muscle, in
the plane between the vastus medialis and the Sartorius
muscle and 10 mL of local anesthetic is injected.
Third technique: Medial condyle of the femur is identified with the patient in the lateral position. After injecting a skin weal at this point, a 23- or 25-gauge needle
is advanced until the femur is encountered. Additional
local anesthetic is injected as the needle is withdrawn (510 mL).
Paravenous technique: This technique is based on close
relationship of the saphenous vein and nerve to achieve
a higher success rate.27 First, the saphenous vein is identified using the tourniquet around the leg in a dependant
position. The technique involves injection of 5 mL of local
anesthetic in a fan-like fashion around the vein on the
medial side of the leg just distal to the patella.
Transsartorial approach: With the patient in the supine
position, a skin weal is raised over the Sartorius muscle
belly. The Sartorius muscle can be palpated just above
the knee with the leg extended and elevated actively. The
needle is inserted at one finger width above the patella

slightly posterior from the coronal plane and slightly caudad, through the muscle belly of the Sartorius, until a loss
of resistance identifies the subsartorial adipose tissue. The
depth of insertion is typically between 1.5 and 3 cm. After
negative aspiration of blood, 10 mL of local anesthetic is
injected.28
♦ For an ankle block, the saphenous nerve is best blocked
just above the medial malleolus. By using a 1.5-cm needle,
6 to 8 mL of local anesthetic is injected immediately above
the medial malleolus in a ring-like fashion.
♦ One of the most commonly reported complications is a
painless hematoma of the saphenous vein at the injection
site.
Sural Nerve

♦ The sural nerve, a branch of the tibial nerve pierces the

deep fascia proximally in the leg and is joined by a branch
of the common peroneal nerve. It descends near the lesser
saphenous vein and between the lateral malleolus and the
calcaneous. It supplies the posterior and lateral skin of the
distal third of the leg along the lateral side of the foot and
little toe.
♦ Using a 1.5-inch, 25-gauge needle, a skin weal is raised
lateral to the Achilles tendon. The needle is then inserted
through the weal, advanced towards the fibula, while 6 to
8 mL of local anesthetic is injected.
Superficial Peroneal Block

♦ The superficial peroneal nerve begins at the common

peroneal bifurcation. It pierces the deep fascia in the distal
third of the leg. It descends the leg adjacent to the extensor digitorum longus muscle where it divides into terminal
branches above the ankle. The superficial peroneal branches supply the dorsal skin of all the toes except that of the
lateral side of the fifth and adjoining sides of the first and
second.
♦ Block technique: The nerve is blocked immediately above
and medial to the lateral malleolus by injecting a subcutaneous wheal of 5 to 10 mL of local anesthetic from the
site of insertion of the needle for the deep peroneal nerve
to the anterior surface of the lateral malleolus.

Conclusions
De Tran et al29 conducted a review of approaches and techniques for lower extremity nerve blocks. Conclusions evident
from the study include:
♦ Compared to 3-in-1 block, the posterior approach to the
lumbar plexus is more reliable when anesthesia of the
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obturator nerve is required.

♦ The fascia iliaca compartment block may also represent

a better alternative than the 3-in-1 block because of
improved efficacy (better anesthesia of the lateral femoral
cutaneous and obturator nerves) and efficiency (quicker
performance time, lower cost).
♦ For blockade of the sciatic nerve, the classic transgluteal
approach constitutes a reliable method. However, because
of the short time required for sciatic nerve stimulation and
placement of perineural catheters, the subgluteal approach
should also be considered.
♦ Compared to stimulation of the peroneal nerve, stimulation
of the tibial nerve may offer a higher success rate, especially with the transgluteal and lateral popliteal approaches.
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♦ When performing sciatic and femoral nerve blocks with
♦
♦

♦
♦

low local anesthetic volumes (20 and 12 mL, respectively),
a multiple injection technique is preferred.
For blockade of lateral femoral cutaneous nerve, sensory
neurostimulation is more reliable than fan infiltration.
Compared to the traditional method, a new inguinal
approach for obturator block30 has been shown to decrease
the performance time, patient discomfort, and side
effects.
The transsartorial and paravenous approaches represent
the best options for blockade of the saphenous nerve.
The best method for anesthesia of the posterior tibial
nerve is a neurostimulator-guided injection around the
medial malleolus.
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Upper Extremity Joint Injections
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Hany R. Nosir, MD

The tools of modern day injection procedures include the
hollow needle to deliver steroids into a joint cavity. Since the
early 1800s cocaine has been used for injection into inflamed
joint for pain relief. In 1951, Brown, Jessar, and Hollander used
intraarticular injection of steroids to control the pain caused
by joint disease.1 Joint injections are used primarily to deliver corticosteroids, anesthetic agents, and hyaluronan to treat
inflamed synovia.1-8
Flanagan et al9 described injection of cortisone under fluoroscopic guidance into the hip joint in patients awaiting total
hip replacement. Those injections with cortisone obtained
greater relief than bupivacaine or saline. The benefits of longer acting steroid injection decreased the frequency of surgical
synovectomy.4-6,9,10

Indications
♦ Intraarticular steroid injections are widely used to treat

osteoarthritis of the joints and may be particularly beneficial in patients who present with effusion or other signs of
active local joint inflammation.
• Intraarticular injection of a steroid preparation is an
effective, short-term method of decreasing joint pain.
• It can be used as monotherapy in selective patient
population, or as an adjuvant to systemic therapy
with analgesics, nonsteroidal anti-inflammatory, or
COX-2 specific inhibitor.1-3,7,11,12
• Intraarticular injection may be used to determine
whether the source of pain is articular or extraarticular
in nature.
• Intraarticular injections are indicated to improve mobility in self-limited, sterile inflammatory conditions.
• They provide relief of inflammatory pain and facilitate physical therapy of the inflamed joint.13,14
361

• A patient with osteoarthritis should undergo a trial of

intraarticular steroid injections.10,11,8,13,15,16
• The goal of treating joint osteoarthritis includes pain control, improvement of functionality and quality of life, and
avoidance of possible side effects of the therapy.
• An alternative approach to the use of nonpharmacological therapy and oral pharmacological agents
in palliation of joint pain is the use of intraarticular
therapy, such as hyaluronan or steroids.
• Drug therapy for pain management is most effective when
combined with nonpharmacological strategies.10,16-18
♦ Contraindications are as follows:19,20
• Infection (Bacteremia, septicemia)
• Anatomic inaccessibility
• Articular instability
• Intraarticular fracture
• Avascular necrosis
• Severe osteoporosis
• Osteonecrosis
• Charcot joint
• Patient refusal to have the joint injection.
• Injection of surgically implanted joints is relatively
contraindicated.
♦ Injection of surgically implanted joints is a relative contraindication, because these joints are more prone to infection
than intact joints and are usually inflamed secondary to
infection rather than synovitis.
• Injection of cortisone into a nonsynovial joint is rarely
of value because there is no synovial sac to decrease
inflammation.10,15,19,21
♦ Steroid injections are not recommended immediately after
an acute injury or immediately before an athletic event as
it may suppress the internal steroids needed for the stressful body event.
• The joint should be protected from further injury after
the injection.22,23
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Complications of Intraarticular Steroid Injections
Complications of intraarticular steroid injections include
steroid arthropathy, infection, postinjection flare, ligamentous
calcification and rupture, skin depigmentation at the injection
site and atrophy, systemic steroid effects, facial flushing and
steroid hypersensitivity, and articular cartilage damage. Overall intraarticular steroid injections are considered inordinately
safe, however, rare complications are noted.
♦ The prevalence of steroid arthropathy of weight bearing
joints is estimated to be close to 0.8%.24-26
• Following the introduction and widespread use of
intraarticular steroid injection, studies began to describe
radiological and clinical evidence of progressive joint
destruction occurring after multiple steroid injections.
• Steroid injection into a rabbit knee joint caused
destructive changes.
• Multiple steroid injections produced a charcot-like
arthropathy in some cases.
• Inflamed weight-bearing joints should not be injected more frequently than once every 3 to 4 months
to minimize damage to the cartilage or supporting
ligaments.16,19,27
♦ The reported infection incidence after intraarticular steroid injection was less than 0.1000006%.21,24,28
♦ Some patients may experience a flare of synovitis as a reaction to the crystalline steroid suspension, lasting up to 24
hours postinjection.
• Postinjection flare is often due to corticosteroid crystalinduced synovitis.
• Postinjection flare is temporary, can be treated with
analgesics and application of ice to the site, and will
resolve without further intervention. If symptoms
persist beyond 24 hours, the patient should be reevaluated to rule out infection.
• The incidence of postinjection flares has been estimated
at 1% to 2%.20,24,29
♦ Repeated injection into a ligament substance may result in
ligamentous calcification. A spontaneous tendon rupture
can occur following trauma after the intraarticular steroid
injection.30,31 Cartilage damage or tendon rupture is prevented by the exercising of extreme caution when injecting
– and never injecting against resistance.29,32
♦ Skin depigmentation or atrophy in the area of the injection occurs (with a prevalence of less than 1%) when the
steroid is placed outside the joint space or leaks from the
joint space.24,25,33
♦ Systemic steroid absorption may result in blood sugar
increase, hormonal suppression, and a brief generalized
improvement in all inflamed joints.
• Triamcinolone and betamethasone appear to remain
within the joint cavity longer than any other steroids,
with less systemic effect.10,30,31

• Septic necrosis and Cushing’s syndrome may occur if

intraarticular steroids are used frequently, over a prolonged period of time.21,34
♦ Transient facial flushing following an intraarticular steroid injection has also been reported, with an incidence of less than 1%.
• Transient weakness of the injected extremity and steroid hypersensitivity are also possible complications, but
occur very rarely.16,19,23
♦ Because of the potential for multiple intraarticular injections to accelerate cartilage damage, this should not compromise steroids as a treatment for patients with chronic
stable osteoarthritis.
• Excessive and prolonged intraarticular steroid use may
be damaging to the articular cartilage, thus the number
of injections to treat a single joint should be restricted to
a 3 to 4 month interval between doses.10,12,14,16,19,20,21,25

Commonly Used Steroids for Intraarticular Joint
Injection
♦ Commonly used steroids for intraarticular joint injections

include triamcinolone acetonide 10-40 mg/mL, methylprednisolone acetate or Depo-Medrol 40-80 mg/mL,
betamethasone sodium phosphate and acetate (Celestone
Soluspan) 6 mg/mL, and dexamethasone 10 mg/mL.
• Triamcinolone acetonide (Kenalog) 10−40 mg/mL and
average duration of effect is 14 days.
• Methylprednisolone (Depo-Medrol) 40−80 mg/mL
and average duration of effect is 8 days.
• Betamethasone sodium phosphate and acetate (Celestone Soluspan) 6 mg/mL and average duration of
effect is 9 days. Dexamethasone 10mg/mL with average
duration of effect is 8 days.
• Triamcinolone and Betamethasone seem to remain
within the joint cavity longer than Depo-Medrol and
their systemic effect is less because of low serum levels
and prolonged relief time.

Intraarticular Hyaluronan Injections
♦ “Hyaluronic acid,” “hyaluronate,” and “sodium hyaluronate”
are terms used interchangeably with hyaluronan, which is
a preferred name.
• Hyaluronan is a linear polysaccharide naturally found in
the synovial fluid, in which it maintains the structure of
proteoglycans molecules.
• In osteoarthritis, the reduced concentration and
molecular weight of hyaluronan results in a low viscosity of the synovial fluid and increase in cartilage
loading.13,35
♦ Visco-supplementation can be used to restore normal
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homeostasis, providing introduction of a solution equal
in viscosity and elasticity to the synovial fluid and consequently alleviating pain.
• Use of an intraarticular hyaluronan preparation
resulted in clinically significant greater pain relief
than that reported after intraarticular injection of a
placebo, and a comparable level of pain relief with
that seen with use of oral nonsteroidal anti-inflammatory drugs.
• The proposed mechanism of action is believed to be
through inhibition of inflammatory mediators (such
as cytokines and prostaglandins), stimulation of the
cartilage matrix, inhibition of cartilage degradation,
and a direct protective impact upon nociceptive nerve
endings.7,35,36
• Visco-supplementation treatment can be a therapeutic
component in the long-term management of osteoarthritis, including end-stage disease.13,37
Several preparations of intraarticular hyaluronan are used
for treatment of knee osteoarthritis in patients who fail
to respond adequately to conservative nonpharmacological
therapy and to simple analgesics.
• Hyaluronan applied at an earlier stage of osteoarthritis
may be more effective.7,13
Dosing recommendations for Synvisc, NeoVisc, and Hyalgan are variable.
• HylanG-F20 (Synvisc) and sodium hyaluronate
(NeoVisc)
• One intraarticular injection per week for 3 weeks,
after which the therapeutic efficacy can be assessed.
• Hyaluronate (Hyalgan)
• One intraarticular injection per week for 5
weeks, after which the therapeutic efficacy can be
assessed.
• Therapeutic effect can be seen as early 3 weeks in all 3
forms. Repeat visco-supplementation treatment can be
a therapeutic component in the long term management
of osteoarthritis, including end stage disease.
Contraindications to visco-supplementation joint injection are as follows:
• The following contraindications in should be considered prior to visco-supplementation joint injection.
• Prior adverse local or systemic reaction to visco-supplementation agents
• Infection
• Severely inflamed joint
• Active localized skin irritation
• Failure to respond to prior injections, bleeding disorders, or anticoagulation.
Adverse effects of intraarticular hyaluronan injections
include joint pain and swelling.
• Occasional transient, mild-to-moderate joint pain and
swelling at the injection site has been noted after hyaluronan injection.
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• Both are local and short-lived.
• They can be easily treated by rest and are without

permanent sequelae. Generally, all preparations are
very well tolerated. The potential adverse effect is
joint infection, the occurrence of which is exceedingly low, given the utilization of standard aseptic
technique.13,35,36,38

Technique of Intraarticular Joint Injections
♦ After informed consent is obtained from the patient, the
♦

♦
♦
♦

injection site is prepped in a standard aseptic fashion and
draped appropriately.
The procedure is performed with the aid of fluoroscopy
under appropriate sterile precautions.
• All medications, syringes, needles, and other equipment
should be readily available. Syringes may vary from 3 to
10 mL. Needles may vary from as small as 0.5-inch, 25gauge needles to 3-1/2-inch, 22-gauge spinal needles.
• For convenience, an 18-gauge needle should be available to draw medication from the vial.
• The joint is usually injected from the external surface at
a point where the synovium is closest to the skin.
• This site minimizes the interference from major
arteries, veins, and nerves.
• When the point of injection has been determined, it is
best marked with a tip of retracted ballpoint pen or a
needle hub by pressing the skin to produce a temporary
indentation to mark the point of entry.
• The skin is then prepared in a standard aseptic fashion,
and a sterile technique is used throughout the entire
procedure.
• The skin and the subcutaneous tissue at the injection
site may be anesthetized by injecting 1% lidocaine
using a 25-gauge needle.
• A 1.5 inch or longer needle of 22- to 25-gauge is then
pushed gently into the joint. Before injecting the medication, always attempt to aspirate to avoid accidental
intravascular injection.
• After ensuring that the needle is in the joint space,
medications should be injected in a slow and steady
fashion.
• It is preferable to use single-dose vials of steroid preparation and local anesthetic agent to reduce the risk of
infection.
The periosteum of the bone, as well as the articular cartilage, must be avoided during this procedure.
Needle aspiration is done to ensure that blood vessels have
been avoided, and to ensure intraarticular placement.
The return of synovial fluid ensures the position of the
needle into the joint space. However, often there is minimal or no aspirated fluid.
• If there is an effusion, the fluid is removed in a slow
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and steady fashion, until all possible joint fluid is
aspirated.
• If the fluid is yellow-colored and clear, the likelihood
of infection is minimal and the corticosteroid may
be injected. If the fluid appears cloudy, it should be
sent for synovial analysis, including culture and sensitivity testing for microorganisms and injection is
aborted.
• If infection is suspected, the steroid injection into the
joint should be postponed until the culture and sensitivity reports are completed.
• The viscosity of the fluid can be determined by putting a
couple of drops of fluid between the gloves, and between
the thumb and the index finger, and stretching it.
• Normal synovial fluid has a good viscosity and is usually able to stretch for 2 to 2.5 cm.
• If there is an inflammatory process occurring in the
joint, the viscosity of the fluid will be significantly
decreased, with a hazy or cloudy presentation.
Aspiration from the joints may be prevented by synovial
tissue, intraarticular debris, and/or excessive joint fluid
viscosity.
• It may be difficult to aspirate if the tip of the needle is
embedded into the articular cartilage or if the needle is
not into the joint cavity.
• The absence of resistance when injecting medication
into the joint provides an indication to the appropriate
placement of the needle.
• No resistance should be encountered during the
injection. If this occurs, the needle should be
repositioned.
After the medication injection, the needle should be
cleared with a new syringe containing a small amount of
lidocaine or saline. The needle is then withdrawn.
• It is important to ensure that the entire needle is withdrawn intact, as the separation of the needle from the
hub as well as needle fracture can occur.
Direct pressure to the overlying skin is applied to minimize bleeding.
Joint injections are used primarily to deliver corticosteroids, anesthetic agents, and hyaluronan to treat inflamed
synovia.
• Long-acting steroid preparation may induce a crystal synovitis 24 hours after the injection, but resolves
spontaneously.
• The patient should be cautioned about possible
short-term aggravation of symptoms in the affected
joint.
• When long-acting anesthetic agents are injected into
the joint, it is important to advise the patient to limit
using the joint during the first 24 hours after the injection, to prevent injury.
The “no-touch” technique, insertion of the needle through
the desired joint portal without touching the skin, should

be used to minimize infection.
• Using fluoroscopy can make this technique more
feasible.
• With this technique, sterile universal precautions should
still be exercised.
• The first step for the operator is to select the site of the
injection through the skin.
• The injection is chosen based on available bony
landmarks.
• Bony landmarks are usually quite stable, while soft
tissue landmarks can vary from patient to patient.
• Once the site has been chosen, it is carefully outlined
with a marker, or with indentation, in a circular fashion.
• After the site has been outlined with a marker, a
common technique is to clean the area with 3 swipes
of Betadine and 1 swipe of alcohol, taking care not to
remove the landmarks.
• Using a “no-touch” technique, contact with the
patient’s skin with a bare finger is to be avoided after
sterilization.
• Identification of the landmark with ink or impressions
made on the skin with a pointed object before cleaning
will facilitate recognition of the aspiration site.
• A 25-gauge needle is used to inject an anesthetic into
the epidermis, producing a skin wheal.
• After waiting 30 to 60 seconds to allow for the anesthetic effect, the operator places a 22- or 25-gauge
needle with enough length, depending on patient
size, on the syringe filled with anesthetic and enters
the skin through the wheal.
• The patient should not feel pain at needle entry.
• The operator should stop and aspirate every halfcentimeter, and inject another small bolus of anesthetic agent.
• The patient should not perceive undue pain and
should remain relaxed during the procedure.
• When the joint capsule is entered, the patient will
experience some discomfort, but injection of additional
anesthetic should eliminate this. When the joint has
been entered, the syringe with anesthetic is removed,
and an aspirating syringe is applied without touching
the needle shaft.
• Once the joint is entered, the color and consistency of
the synovial fluid are observed and a sample is removed
for laboratory analysis.
• Multiple skin punctures are to be avoided.
• If the joint is not entered with the first attempt, the
needle should be redirected, but not removed or
pulled out of the skin.
• The tip of the needle should be pulled out to within a short distance of the surface of the skin, and
then redirected while still under the skin, to avoid
infection.
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Costochondral Joint Injection
Indications

♦ Costochondral junction joint injection can be utilized as

either a diagnostic or therapeutic procedure in patients
with costochondritis or Tietze’s syndrome (single costochondral joint tenderness).
• Similar injection techniques are used for the costoclavicular joint.39,40

Anatomy

♦ The rib cage consists of 12 pairs of ribs. The ribs are united

to the costal cartilages by synchondroses called costochondral articulations (Fig. 1).
• The first to seventh ribs are vertebrosternal or “true”
ribs. Consequently, their costal cartilages join the sternum at the costochondral and chondrosternal joints.42
• The remaining 5 pairs are “false” ribs.
• The cartilages of the eighth, ninth, and tenth ribs
articulate with the cartilages immediately above them
to form a subgroup of vertebrochondral ribs.
• The eleventh and twelfth ribs are termed vertebral
or floating ribs which are free at their cartilaginous
ends.

Pathophysiology
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conditions of arthritis and infection which generally
run a self-limited course with common recurrence.
♦ Tietze’s syndrome is a rare disorder that is characterized
by painful swelling of the costosternal articulations.42
• It affects young people of both genders.
• The pathophysiology of Tietze’s syndrome is unknown,
but microtrauma to the second and third costochondral
joints has been implicated.
• Pathological findings include swelling of costal cartilage and minor perichondrial inflammatory changes.
• The most commonly involved ribs are the upper ones,
specifically, or the second or third costochondral junctions. In most patients they appear only on 1 side and at
single levels.
• The course is with acute onset with pain in the chest
wall and self-limited course over a few months.
Technique

♦ Obtain informed consent from the patient, position the
patient in a supine position, and identify the injection
site.
• The costochondral joint is identified through palpation
for localized tenderness and reproduction of pain
• Prep and drape the skin in standard aseptic fashion.
♦ Insert a 25-gauge needle at the point of maximum tenderness, to the level of the costochondral cartilage and then
withdraw into the joint cavity.
• Confirm needle placement with fluoroscopy.

♦ Costochondritis or costosternal syndrome is also known as
anterior chest wall syndrome.
• Costochondritis is not synonymous with Tietze’s
syndrome.
• Costochondritis is characterized by pain and tenderness
of the costochondral or chondrosternal articulations
without local swelling.
• Costochondritis is rarely seen before fourth decade
and involvement may be in multiple joints in 90%
of the patients, involving second to fifth costal cartilages most frequently.42
• Coughing, yawning, shoulder shrugging or extension
of the cervical spine and traction of the posteriorly
extended arms increase the pain.
• Diffuse tenderness over the involved costal cartilages
without swelling is identified in almost all cases.
• Very little is known about the etiology of
costochondritis.
• However, the disorder may occur after blunt trauma
to the chest, acceleration/deceleration injuries, cardiopulmonary resuscitation, intrathoracic surgery, or
athletic activities.
• Costochondral joints can also be affected in multiple
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Fig. 1. Anatomy of anterior chest wall.

Reproduced from Fam et al. 42,43,47 Musculosketal Examination
and Joint Injection Techniques, with permission from Mosby
Elsevier, Philadelphia, PA, 2006.
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• After obtaining a negative heme-aspiration, inject

approximately 0.1 mL of contrast dye into the joint.
• Utilizing fluoroscopy, the presence of the dye will
outline the joint cavity and demonstrate the presence
of potential intravascular uptake.
♦ Inject 0.5 mL of the mixture of steroid and a local anesthetic into the involved costochondral joint.39-41
♦ The patient is given instructions to return to the office if
redness, fever, or increased pain occurs.
Complications

Acromioclavicular Joint Injection
The acromioclavicular (AC) joint is a relatively common
injection site for interventional pain physicians and orthopedic
surgeons. Due to the small size of the joint successful injection
can be difficult. Consequently, the procedure is best performed
under fluoroscopic visualization.
Indications

♦ AC injection is used to treat a painful or an inflamed
joint, as well as pain secondary to acromioclavicular joint
separation.
• Examination will reveal that gentle pressure applied directly
over the acromioclavicular joint will elicit a pain response.
• A diagnostic A-P radiograph of both shoulders, taken
with the patient holding 10 pounds of weight in each
hand, is used to confirm the diagnosis of AC joint
separation.
• Joint injection may help relieve pain in patients suffering from non-surgical types of AC joint disease.17,46

♦ Serious complications are uncommon with appropriate

needle placement.40,41
• Pneumothorax is possible with an inadvertent penetration of the thorax.
• Fluoroscopy can be used to screen the lung for air
after the injection.
• A pneumothorax can be easily treated with administration of supplemental oxygen and close observation.
• A pneumothorax that results in significant dyspnea,
or in tension pneumothorax, will require a chest tube
placement.
• It is important to note that the presence of chest
wall pain does not exclude underlying heart or lung
disease.
• Such complaints must be investigated thoroughly.

Anatomy

♦ The acromioclavicular or AC joint is a spheroidal joint

Fig. 2. Illustration of coronal section through the shoulder joint.

between the lateral end of the clavicle and the acromion
process of the scapula (Fig. 2).

Netter medical illustration used with permission of Elsevier. All rights reserved.
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• A small intraarticular fibrocartilaginous disc divides the

joint into 2 compartments with a subcutaneous compartment with a noncommunicating bursa over the joint.42
• The coracoclavicular ligament (conoid and trapezoids
parts) extends between the distal clavicle and the coracoid process of the scapula suspending the scapula while
stabilizing both the clavicle and the scapula, and maintaining a close relationship between the 2 bones during
shoulder movements, consequently limiting scapular
rotation around the AC joint.
• Thus, the stability of the AC joint depends on the
capsule and the superior and inferior AC ligaments.
• The AC joint along with the sternoclavicular joint augments the range of shoulder movements, particularly
abduction and rotation.
• These joints also allow slight axial rotation of the
clavicle, as well as elevation/depression and forward/
backward thrusting of the shoulder.
Diagnosis

♦ Arthritis of the AC joint is associated with local tender-

ness, synovial swelling, effusion, and sometimes crepitus
on shoulder shrugging.43
♦ Pain may be noted at end-range of all passive movements,
especially full passive horizontal adduction, also known as
scarf test.
♦ Another occasionally painful movement is the arc on active
elevation especially towards the end of range.
• Acute or chronic capsulitis may develop due to trauma or
occasional prolonged overuse in a degenerative shoulder.
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• The presence of the contrast dye will outline the joint

cavity and insure no intravascular uptake has occurred.

• A total of 0.5 mL of steroid and local anesthetic solution is

injected into the AC joint, after negative heme aspiration.

• Apply dressing to the puncture site. The puncture site is

covered with a sterile adhesive bandage.

♦ After the injection, the patient is advised to use the shoulder as tolerated.
• The shoulder area may be painful for the first 24 to 48 hours
postinjection, after which the symptoms should improve.
♦ The patient is usually instructed to return to the office if
redness at the site and/or fever occurs, or if the patient
experiences an increase in pain.
Complications

♦ Adverse outcome, although rare, may include:17,18,33,40,41

• Infection
• Subcutaneous fat atrophy may occur if the corticoste-

roid is injected external to the joint.
• This may produce a depressed area of thin, tender, skin.

A. Needle placement.

Technique

♦ A fluoroscopic technique is the ideal way to perform the
♦

♦
♦
♦

♦

injection of the acromioclavicular joint, generally in supine
position (Fig. 3).
Identify the injection site.
• The acromioclavicular joint is formed by the anterior
and the medial face of the acromion at the distal end of
the clavicle.
Cleanse the skin with an antiseptic solution.
Anesthetize the area, utilizing a 25-gauge needle to infiltrate the skin over the joint with 1% Lidocaine.
A 22- or 25-gauge, one inch needle attached to a syringe
with or without contrast dye, with local anesthetic and steroid, is inserted into the posterior aspect of the acromioclavicular joint.
Confirm needle placement utilizing fluoroscopy (Figs. 3A
and 3B).
• Contrast spread into the joint space between the anterior and
medial face of the acromion and distal end of the clavicle.
• After obtaining a heme-negative aspiration, inject
approximately 0.1 mL of contrast dye into the joint.

B. Contrast injection.

Fig. 3. Fluoroscopically guided acromioclavicular joint
injection. Contrast spread into the joint space between the
anterior and medial face of the acromion and distal end of
the clavicle. Courtesy of Bhupinder Saini, MD.
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Glenohumeral Joint Injection
Indications

♦ The intraarticular injection of the glenohumeral joint can

be used to treat rheumatoid arthritis, osteoarthritis, and
adhesive capsulitis of the shoulder joint. Usually, injection
of steroids offers a temporary relief of the pain. Steroids do
not alter the natural cause of the underlying disease.29,44,45

Anatomy

♦ The glenohumeral joint is the main articulation of the

shoulder complex.
♦ The glenohumeral joint is a multiaxial, ball-and-socket,
synovial articulation between the glenoid fossa of the
scapula and the humeral head (Fig. 2).43
• The articular capsule of the glenohumeral joint is lax
and there is only a small area of contact between the
shallow glenoid fossa and the spheroidal humeral head.
• This permits a wide range of movements.
• The stability of the glenohumeral joint depends on a
number of static and dynamic stabilizers.
• Static stabilizers include negative intraarticular pressure, glenohumeral bone geometry, the capsule itself,
the glenoid labrum, the superior, middle and inferior glenohumeral ligaments, and the coracohumeral
ligament.43
♦ Dynamic stabilizers play a greater role in the stability of
the shoulder which includes an inner stratum, made of the
rotator cuff muscles including supraspinatus, infraspinatus, teres minor, and the subscapularis and the long biceps
tendon, and an outer stratum, composed of the deltoid,
teres major, pectoralis major, latissimus dorsi, and trapezius
muscles.
Diagnosis

♦ Inferior subluxation of the glenohumeral joint is charac-

terized by a positive sulcus sign.
• The sulcus sign is present with a hollow or sulcus just
below the acromion, made prominent by downward
traction on the arm.43
♦ Arthritis or instability of glenohumeral joint is characterized by global tenderness felt through the overlying deltoid
in the anterior, lateral, and posterior subacromial areas.
• A large glenohumeral effusion bulges anteriorly producing fluctuance in 2 perpendicular planes.
• Pressure with 1 hand on the anterior aspect of the
joint produces a fluid wave that is transmitted to the
second hand placed 2-4 cm distant.43
• Alternatively, ballottement of the anterior and posterior aspects of the shoulder may produce a fluid

wave that is transmitted to the posterior subacromial
region.
♦ Glenohumeral instability is identified by the laxity of the
shoulder capsule and ligaments resulting in inferior subluxation of the humerus on downward traction of the arm,
which produces a depression or hollow between the lateral
edge of the acromion and the humeral head known as sulcus sign.
Technique

♦ Position the patient prone or supine, depending on the

approach.
• Position patient supine if anterior approach is utilized.
• Position patient prone if posterior or lateral approach is
used.
♦ Lateral approach in prone position: With the shoulder
internally rotated, the glenohumeral joint is palpated by
placing the fingers between the coracoid process and the
humeral head.
• The joint space can be felt as a “groove” just lateral to
the coracoid process.
• The lateral portal is one finger breadth inferior and la
teral to the tip of the coracoid process.
• The needle is directed in the anterior/posterior place,
just lateral to the coracoid process and is advanced into
the joint cavity.
♦ Posterior approach in prone position: The posterior portal
“soft spot” is the primary entry portal of the shoulder from
posteriorly.
• It allows easy access to the shoulder joint.
• This portal is located 2 to 3 cm inferior and 1 cm medial
to the posterolateral tip of the acromion.
• By placing the portal 1 to 2 cm medial to the posterolateral acromion, the portal can be made approximately
parallel to the glenoid surface making easy passage of
the needle to the anterior part of the joint.
• The needle will pass through the posterior soft spot
between the infraspinatus and teres minor muscle
into the joint cavity.
• The posterior approach to the shoulder joint carries the
risk of injury to the suprascapular nerve, if too medial,
or to the axillary nerve if it is too inferior or lateral.
♦ Anterior approach in supine position:
• The anterior approach is made slightly lateral to a point
halfway between the anterolateral tip of the acromion
and the coracoid process.
• The needle will pass through the anterior soft spot
which corresponds to an articular triangle bounded
by the intraarticular portion of the biceps tendon
superiorly, the superior intraarticular portion of the
subscapularis tendon inferiorly, and the anterior edge
of the glenoid at the base.
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♦ Superior portal or the superior access:

• This access is bounded anteriorly by the clavicle, later-

♦
♦
♦

♦

ally by the acromion, and posteriorly by the base of the
acromion and the scapula spine, and inferiorly by the
posterior-superior rim of the glenoid.
• This portal penetrates the trapezius muscle and then
passes through the supraspinatus muscle belly.
The most commonly used approach is a portal chosen just
lateral to the coracoid process.
Injection medial to the coracoid process might result in harm
to the brachial plexus, subclavian artery, vein, and lung.
Entrance of the shoulder joint from the posterior approach
is easier with the palpation of the soft spot.
• Care is required not to direct the needle either too far
medial or too far lateral to avoid injury of the suprascapular
nerve if directed medially, and to avoid injury of the axillary
nerve if directed laterally.
The author prefers the posterior approach with patient
lying prone, finding that position provides easy access to
the joint cavity.
• In aseptic fashion, anesthetize the area, utilizing a 25-
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gauge needle to infiltrate the skin over the joint with 1%
Lidocaine.
• Insert a 25-gauge, 3.5 inch needle using any of the
above mentioned approaches.
• The needle is very gently manipulated through the
joint capsule, into the synovial cavity.
• Aspiration is attempted until the needle has entered
the synovial space.
• If there is an effusion of the joint, aspiration of the fluid should
be carried on. If the fluid inside the joint appears to be cloudy,
then the fluid should be sent for culture and sensitivity.
♦ Confirm needle placement utilizing fluoroscopy with contrast dye injection.
• After negative heme aspiration or if the aspirated fluid is
noninflammatory, clear and viscous, inject 0.5 mL contrast dye to outline the joint nicely under fluoroscopy.
• Contrast spread between the articular surface of the glenoid cavity and the head of the humerus (Figs. 4 and 5).
• Once the needle placement within the joint has been
confirmed, inject 2 to 3 mL of the steroid-local anesthetic mixture.

Fig. 4. Fluoroscopically guided intraarticular glenohumeral joint injection, lateral approach. Contrast spread between the
articular surfaces of the glenoid cavity and the head of the humerus.
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Fig. 5. Fluoroscopically guided intraarticular glenohumeral joint injection, posterior approach. Contrast spread between
the articular surfaces of the glenoid cavity and the head of the humerus. Courtesy of Bhupinder Saini, MD.

♦ Fig. 6 illustrates the glenohumeral joint without
fluoroscopy.

♦ Care is required not to direct the needle medially into the
neurovascular structures in the axilla.

♦ Apply dressing to the puncture site. The puncture site is
covered with a sterile adhesive bandage.

♦ After the injection, the patient is advised to use the shoul-

der as tolerated by comfort.
• The shoulder area may be painful for the first 24 to 48
hours postinjection, after which the symptoms should
improve.
♦ The patient is usually instructed to return to the office if
redness at the site and/or fever occurs, or if the patient
experiences an increase in pain.
Complications

♦ An adverse effect of shoulder joint injection could be

hematoma and intravascular injection.
• Both are possible due to the close proximity to the axillary vessels.
• If an arterial puncture occurs, a prolonged direct pressure is usually adequate to prevent development of a
hematoma.29,40

Fig. 6. Injection of the glenohumeral joint.
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Rotator Cuff Tendon and
Subacromial Bursa Injection
Indications

♦ Corticosteroid injection procedures are used to diagnose

and treat rotator cuff tendonitis or subacromial bursitis.
• These conditions are often due to subacromial bursitis, tendonitis of the rotator cuff, calcific tendonitis, or
rheumatoid arthritis.44,45

Anatomy

♦ The subacromial space bony landmarks are coracoid pro-

cess, palpated anterolateral as a bony nodule immediately
below the lateral clavicle and giving rise to the compressing impinging coracoacromial ligament, which passes laterally, and the acromion localized most easily by palpating
the spine of the scapula posteriorly and following along
this laterally (Fig. 7).
• Anteriorly, inferior to the clavicle is a subacromial recess
with a dome of the humeral head forming its lateral
border.29,36,40-46

Technique

♦ Position the patient prone or supine. The patient can lie
supine with the arm hanging down to distract the subacromial space.
♦ Identify the injection site.
• The prominent bony landmark of the subacromial space
is the coracoid process, palpated anterolaterally as a bony
nodule immediately below the lateral clavicle and giving rise to the compressing impinging coracoacromial
ligament.
• This ligament passes laterally and the acromion local-

Nosir

ized most easily by palpating the spine of the scapula
posteriorly and following along the scapular spine
laterally.
• Anteriorly, inferior to the clavicle is a subacromial recess
with a dome of the humeral head forming its lateral
border.
♦ The subacromial space is gained by an anterior, lateral, and
posterior approach. That choice is determined by use of
palpation and user familiarity.
• The anterior approach provides direct access to the subacromial space in the region of the coracoacromial ligament cuff compression.
• The needle is directed into the recess above the
humeral head, below the acromion, and passed horizontally directed posteriorly into the subacromial
recess.
• The lateral approach is gained by palpating the indentation, under the acromion with the thumb or index
finger, and passing the needle medially, angled superiorly to the tip of the inferior surface of the acromion
(Fig. 8).
• This is difficult to palpate in muscular or obese
patients.
• The lateral approach can be used to inject both
the subacromial bursa and the rotator cuff tendon
simultaneously.
• The posterior approach provides a capacious recess and
easy subacromial space entry, technically the easiest
access through the soft spot.
• However, the distance from the coracoacromial ligamentous arch limit its efficacy.
• The soft spot posterior portal is located inferior and
medial to the posterolateral tip of the acromion.
• The needle will pass through the posterior portal and
the directed anterior-medially and angled superiorly
to the tip of the inferior surface of the acromion into
the subacromial space.

Fig. 7. Illustration of subacromial bursa.

Netter medical illustration used with permission of Elsevier. All
rights reserved.
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Fig. 8. Illustration of injection of subacromial bursa.

372

Interventional Techniques in Chronic Non-Spinal Pain

♦ If the shoulder x-rays show a calcific deposit, the needle

♦

♦

♦

♦
♦

is directed towards the area where the calcification is
located.
• Typically this is at the anterior part of the rotator cuff.
• Half of the mixture of the steroids will be injected into
the bursa and half will be injected around the calcific
part from the tendon. Injection of the calcific tendon is
usually uncomfortable.
Prep the injection site in a standard, aseptic fashion.
• Anesthetize the area, utilizing a 25-gauge needle to
infiltrate the skin over the joint with 1% Lidocaine.
• Insert the 25-gauge needle using 1 of the above-outlined approaches.
Fluoroscopy can be used to confirm needle placement.
• Contrast dye (approximately 0.5 mL) is injected after
negative heme-aspiration, to outline the bursa nicely
and making sure no intra-vascular uptake is observed
under fluoroscopy (Fig. 9).
If the needle is in the proper place, there is little resistance
to injection.
• Should the operator feel the needle hit bone, redirect it
superiorly if the bony obstruction is thought to be the
humerus, or inferiorly if the bone is thought to be the
acromion.
Inject the 1-2 mL steroid and local anesthetic mixture.
• Injection of the solution should not be met with any
resistance.
Apply a sterile, adhesive bandage to the puncture site. Provide the patient with postprocedural instructions
• The patient is advised to apply ice packs to the shoulder and take nonsteroidal, anti-inflammatory drugs
if increased pain occurs the night following the
injection.
• The patient is instructed to resume usual activities as
soon as tolerated, but not later than 24 to 48 hours after
the injection to avoid stiffness.
• The patient is advised that a temporary increase in his or
her level of pain, lasting 24-48 hours postinjection, may
occur, but should resolve without further intervention.
• The patient is usually instructed to return to the office
if redness at the site and/or fever occurs, or if the patient
experiences an increase in pain that fails to resolve.

Complications

♦ The adverse effects from bursa injection may include

hematoma and intravascular injection.29,40,45
• Both are possible due to the close proximity to the axillary vessels.
• If an arterial puncture occurs, a prolonged direct
pressure is usually adequate to prevent development
of a hematoma.
• Bursal infection can occur, but is rare.

Biceps Tendon Injection
Indications

♦ The injection of cortisone into the biceps tendon is a use-

ful diagnostic and therapeutic procedure for patients with
bicipital tenosynovitis. The injection will include either
the long head of the biceps tendon or the short head of the
biceps tendon, or both.29

Anatomy

♦ The biceps brachii has a short head originating from the

tip of the coracoid process, and a long head originating
from the supraglenoid tubercle of the scapula and both
inserting onto the radial tuberosity and bicipital aponeurosis (Fig. 10).29,40,46

Diagnosis

♦ Bicipital tendonitis often results from chronic subacromial

♦

♦
♦
♦

impingement, occurring in association with rotator cuff
tendonitis and glenohumeral instability.43
• Primary isolated bicipital tendonitis is rare and develops
as an overuse injury resulting from repetitive stresses
applied to the tendon in certain sports, such as weightlifting and ball throwing.
The diagnosis is made by anterior shoulder pain that is
increased by overhead activities, shoulder extension, and
elbow flexion.
• There is also localized tenderness over the tendon in the bicipital groove, with a positive Yergason’s sign and Speed’s test.
• Passive extension of the shoulder or resisted flexion
of the elbow may also reproduce the pain.43
Signs of chronic impingement and glenohumeral instability are often present.
Rupture of the long biceps tendon is associated with a
positive Popeye sign.
Subluxation of the bicipital tendon is caused by traumatic
rupture of the intertubercular (transverse humeral) ligament.
• This is associated with anterior shoulder pain, a clicking sensation of the shoulder as it goes out and pops
back in, tenderness in the bicipital groove, and a positive
transverse humeral ligament test.

Technique

♦ Position the patient supine. Sitting position is not preferred to avoid vasovagal attack.

♦ Identify the injection site.

• The short head of the biceps tendon is usually located

on the top of the coracoid process.
• As the tendon arises from the coracoid process, it is
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Fig. 9. Fluoroscopically guided subacromial bursa injection. Contrast spread into the subacromial space.
Courtesy of Bhupinder Saini, MD.

Fig. 10. Anterior view of shoulder with illustration of biceps tendon attachments.
Netter medical illustration used with permission of Elsevier. All rights reserved.
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diagnosed at the point of greatest tenderness.
• The injection for the long head of the biceps tendon
is typically made at a point of a maximally palpable
tenderness, into the bicipital groove in the head of the
humerus (Fig. 11).
Prep and drap injection site in a standard, aseptic fashion.
Anesthetize the area, utilizing a 25-gauge needle to infiltrate the skin over the tendon with 1% Lidocaine. A skin
wheal is raised with local anesthetic.
Insert the 25-gauge needle at the point of maximal tenderness over the tendon.
Inject 0.5-1 mL steroid with local anesthetic solution.
• The injection of the solution should not be met with
resistance.
• The cortisone is injected in immediate proximity to
the point of tenderness, but not into the tendon.
• There should be no significant resistance encountered when injecting the tenosynovium.
• A steroid injection into the tendon should be avoided, as tendon rupture may result.
Apply a sterile, adhesive bandage to the puncture site.
Provide the patient with postprocedural instructions.
• The patient is advised to apply ice packs to the injected
area and take nonsteroidal, anti-inflammatory drugs if an
increase in pain occurs the night following the injection.
• The patient is instructed to resume usual activities as
soon as tolerated, but not later than 24 to 48 hours after
the injection to avoid stiffness.
• The patient is advised that a temporary increase in his or
her level of pain, lasting 24-48 hours postinjection, may
occur, but should resolve without further intervention.
• The patient is usually instructed to return to the office
if redness at the site and/or fever occurs, or if the patient
experiences an increase in pain that fails to resolve.

Complications

♦ Although rare, infection can occur.13,46

Radiohumeral Joint “Elbow Joint” Injection
Elbow pain is a relatively common symptom with multiple
causes.47
Indications

♦ Elbow joint injection is a useful diagnostic and therapeu-

tic procedure for joint inflammation due to rheumatoid
arthritis and osteoarthritis.13,40

Anatomy

♦ The elbow is a hinge and a swivel joint and provides a

stable link for lifting, pushing, or gripping and positioning
the hand in space.
• The hinges are formed by the humeroulnar (trochleoulnar) and humeroradial (capitelloradial) articulations
(cubital joint), with the trochleoulnar being the principal joint (Fig. 12).
• Stability of the elbow depends on the congruity of the
articulating bones, the anterior capsule, ligaments, and
surrounding muscles.
• The ulnar and radial collateral ligaments provide medical and lateral stability to the joint.

Diagnosis

♦ Diagnosis of elbow pain centers around symptoms and
signs to explain the local problem confined to the elbow.

♦ The elbow joint is not a common site for primary osteoar-

thritis, but secondary osteoarthritis related to prior injury
or repetitive trauma may occur.
• Inflammatory arthritis including rheumatoid arthritis, psoriatic arthritis, crystalline arthritis, and infection may occur.
♦ The swelling is experienced as a deep, poorly localized ache
aggravated by motion, especially at the extreme ranges of
motion, particularly extension.
Technique

♦ Position the patient either prone or supine.
♦ Identify the injection site.

• The elbow joint can be entered anteriorly, but this approach

can be hazardous to the tendons and neurovascular bundle.

• A medial approach is to be avoided because of the

potential for ulnar nerve injury.

• The lateral approach is the safest. The bony landmarks

Fig. 11. Illustration of injection of subacromial bursa.

are the olecranon process, head of the radius, and the
lateral epicondyle.
• These landmarks form the “safe triangle.”
• The joint can be entered just anterior to the center of
this triangle and posterior to the head of the radius to
avoid injury to the posterior interosseous nerve.
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A. Right elbow, anterior view.

B. Opened joint, anterior view.

C. Opened joint, posterior view.

Fig. 12. Anatomical illustration of the elbow. Netter medical illustration used with permission of Elsevier. All rights reserved.
• Prep the injection site in a standard, aseptic fashion.
• Anesthetize the area, utilizing a 25-gauge needle to

infiltrate the skin over the joint with 1% Lidocaine.
• A skin wheal is raised with local anesthetic.
♦ Insert the 25-gauge needle using the lateral approach.

• Fluoroscopy can be used to confirm needle placement

(Fig. 13).

• Contrast dye (approximately 0.5 mL) is injected after nega-

tive heme aspiration, to outline the joint nicely and making
sure no intravascular uptake is observed under fluoroscopy.
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Fig. 13. Elbow joint injection: lateral approach “safe triangle”
needle. Insertion between the tip of the acromion, radial head
and lateral epicondyle just anterior to the center of the triangle
and posterior to the radial head.
• If the needle is in the proper place, there will be little

resistance to injection.
• Care should be taken to avoid injury of the posterior
interosseous nerve, around the head of the radius.
♦ If there is considerable synovial fluid, there will be a slight bulge.
The needle must be moved towards the center of the joint.
• Inject 0.5-1 mL steroid solution.
• Apply a sterile, adhesive bandage to the puncture site.
• After the injection, the patient is advised to use the
elbow as tolerated.
• The elbow area may be painful for the first 24 to 48 hours
postinjection, after which the symptoms should improve.
• The patient is usually instructed to return to the office
if redness at the site and/or fever occurs, or if the patient
experiences an increase in pain that fails to resolve.

Fig. 14. Illustration of elbow with lateral epicondyle.

Netter medical illustration used with permission of Elsevier.
All rights reserved.

Lateral Epicondylitis — “Tennis Elbow” Injection
Lateral epicondylitis of the elbow, also known as “tennis
elbow,” is a common condition. Interventionalists commonly
perform injections for this purpose.
Indications

♦ Epicondylitis is presumed to be a degenerative or inflammation entity; however, pathology reports have not confirmed
an inflammatory pathology. Corticosteroid injection therapy is commonly used for treatment of tennis elbow.13,48

Anatomy

Complications

♦ The lateral epicondyle is a lateral projection of the lower

♦ The adverse effects from elbow joint injection could be

Diagnosis

hematoma and nerve injury.39,40
• The nerve injury can happen because of close proximity to ulnar nerve in medial approach, median nerve in
anterior approach, and posterior interosseous nerve in
lateral approach.
• Although rare, infection may occur.

end of the humerus giving attachment to the extensor
forearm muscle groups (Fig. 14).47-49

♦ Lateral epicondylitis is also known as tennis elbow.

• In lateral epicondylitis, pain is produced by resisted dor-

siflexion of the wrist with the elbow in extension or by
extension of the elbow with the wrist flexed and pronated.
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• The tennis elbow test is performed with the patient’s

elbow extended, the forearm pronated, and the fisted
hand radially deviated and extended at the wrist.
• Application of a downward,resisting force to the fist while
providing support for the elbow with the other hand
produces pain in the area of the lateral epicondyle.47
• Another test which is performed in diagnosing lateral epicondylitis is the chair-lift test, in which the patient lifts a chair with
the forearm and hands pronated and the elbow extended, often
resulting in sharp pain in the region of the lateral epicondyle.
Technique

♦ The patient is placed in a sitting position, with arm resting on

the examination table, palm down, and the elbow flexed to 45°.

♦ Identify the injection site.

• The classic tender spot for lateral epicondylitis of the

♦
♦

♦
♦
♦

elbow is at or just distal to the lateral epicondyle of the
humerus with elbow in flexion. In this position, the
extensor carpi radialis brevis muscle origin is easily palpated just distal to the lateral epicondyle.
Prep and drape the patient in a standard, aseptic fashion.
Utilizing a 25-gauge needle to make a subcutaneous skin
wheal with a local anesthetic, advance through the tendon
of the extensor carpi radialis brevis to inject the remaining
amount of local anesthetic (Fig. 15).48
After negative heme aspiration the steroid preparation is
injected around, but never into, the tendon.
Apply a sterile, adhesive bandage to the puncture site.
Provide the patient with postprocedural instructions.
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Medial Epicondyle Injection of the Elbow
Indications

♦ Medial epicondyle injection is a useful diagnostic and ther-

apeutic procedure with medial epicondylitis, also known as
“golfer’s elbow” or “tortilla elbow.”29

Anatomy

♦ The medial epicondyle is a medial projection of the lower
end of the humerus giving attachment to the flexor forearm muscle groups (Fig. 16).40

Diagnosis

♦ Medial epicondylitis causes pain at the medial epicondyle

with resisted pronation of the forearm.
• This maneuver is considered as the most sensitive provocative maneuver, followed by resisted flexion of the
wrist with the elbow extended.
• Flexion of the fingers rather than the wrist may
sometimes elicit pain at the medial epicondyle.47

Technique

♦ The patient is placed in a sitting position, with the elbow
resting on the examination table, palm up, with the elbow

Complications

♦ Subcutaneous fat atrophy may follow subcutaneous infiltration of the cortisone, leading to a waxy appearing depression in the skin. Although rare, infection is possible.33,48

Fig. 16. Illustration of medial epicondyle.
Fig. 15. Injection for treatment of tennis elbow.

Netter medical illustration used with permission of Elsevier. All
rights reserved.
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flexed to 45 degrees.

Olecranon Bursa Injection

• The elbow is palpated at the junction of the forearm flexor

Indications

♦ Identify the injection site.
♦
♦
♦

♦
♦

groove at its attachment to the bone at the medial epicondyle towards the point of maximal tenderness (Fig. 17).
Prep and drape the patient in a standard, aseptic fashion.
A 1.5-inch, 25-gauge needle is inserted at the point of
maximal tenderness.
Inject at the point of maximal tenderness, with a solution
of steroid mixed with local anesthetic.
• Care must be taken to avoid injury to the ulnar nerve,
located at the groove just behind the medial epicondyle.
Apply a sterile, adhesive bandage to the puncture site.
Provide the patient with postprocedural instructions.

♦ Olecranon bursa injection is a useful diagnostic and therapeutic procedure for patients with olecranon bursitis.40

Anatomy

♦ The olecranon bursa is a connective tissue sac that lies on

the extensor aspect of the elbow over the olecranon process of the ulna (Fig. 18).
• The ulnar nerve lies adjacent to the medial face of the
olecranon, just behind the ulnar groove of the distal
humerus.

Complications

♦ Subcutaneous fat atrophy may follow subcutaneous
infiltration of the cortisone, leading to a waxy appearing depression in the skin. Although rare, infection is
possible.29,33,40

Diagnosis

♦ Olecranon bursitis is associated with local pain, tender♦
♦
♦
♦

ness, swelling, and often fluid distension of the bursa.
• Movements of the elbow are usually unimpaired and
painless.47
Common causes of olecranon bursitis include acute or
chronic trauma, infection, and inflammation including
rheumatoid arthritis and gout.
Traumatic olecranon bursitis can result from an injury or
repetitive minor or occult trauma to the elbow.
Olecranon bursitis is also known as student’s elbow.
Septic bursitis usually results from direct introduction of
the bacteria through a skin abrasion and the characteristic
peribursal cellulitis and edema is present.
• Staphylococcus aureus is the most common pathogen.

Technique

♦ The patient is positioned prone.
♦ Identify the injection site.

• The olecranon bursa lies on the extensor aspect of the

Fig. 17. Injection of medial epicondyle.

elbow over the olecranon process of the ulna.
• The ulnar nerve lies adjacent to the medial face of the
olecranon, just behind the ulnar groove of the distal
humerus. The bursa is approached best from the lateral side (Fig. 19).
♦ Prep and drape the patient in a standard, aseptic fashion.
♦ Utilizing a 25-gauge needle, infiltrate the skin over the lateral aspect of the bursa with 1% Lidocaine.
• Utilizing a 25-gauge needle, the needle is inserted
through the skin into the enlarged and fluid-filled bursa.
The content is aspirated slowly until the bursa is flat.
♦ Fluoroscopy can be used with contrast dye.
• After negative heme aspiration, or if the aspirated fluid
is noninflammatory, clear, and viscous, inject 0.1 mL
contrast dye, which will outline the bursa nicely under
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A. In 90° flexion, lateral view.

B. In 90° flexion, medial view.

Fig. 18. Illustration of the olecranon bursa. Netter medical illustration used with permission of Elsevier. All rights reserved.

Fig. 19. Illustration of the olecranon bursa.

♦
♦
♦
♦

fluoroscopy and confirm no intravascular uptake has
occurred.
Inject 0.5-1 mL steroid solution with local anesthetic into
the bursal cavity.
Apply a sterile, adhesive bandage to the puncture site.
Steroids should not be injected if infection is suspected.
Provide the patient with postprocedural instructions.

• An elbow pad can be used.
Complications

♦ Infection is possible, although rare.

• Recurrence of the bursal effusion is possible. Recurrent

bursitis requires orthopedic consultation.
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Carpal Tunnel (Canal) Injection

Anatomy

Indications

♦ The flexor retinaculum at the wrist converts the carpal

♦ Carpal tunnel injection is indicated in carpal tunnel

Technique

syndrome.
• Carpal tunnel syndrome is an entrapment of the median
nerve at the wrist.
• The medial nerve is most commonly compressed
while it passes through the carpal canal and it produces paresthesia, pain, and sometimes paresis and
weakness.
• The treatments of carpal tunnel syndrome include
bracing, exercises, steroid injection, and surgical
release.
• The role of corticosteroid in the treatment of carpal
tunnel syndrome is found to be beneficial in alleviating the pain.50,51

Fig. 20. Illustration of carpal tunnel (canal).

groove into carpal canal or tunnel. The median nerve runs
at the wrist into the carpal canal (Fig. 20).40,50,51

♦ The patient is placed in the supine position.
♦ Identify the injection site.

• The injection site is one cm proximal to the wrist flex-

ion crease and 3 to 5 mm from the ulnar side of the
palmaris longus muscle, if present.
• The needle is directed towards the hand at an angle of 30
to 45 degrees. If the palmaris longus is absent, the direction of the needle may be aligned with the ring finger.
♦ Prep and drape the volar aspect of the patient’s wrist in a
standard, aseptic fashion.
♦ Anesthetize the area, utilizing a 25-gauge needle, with 1%
Lidocaine.

Netter medical illustration used with permission of Elsevier. All rights reserved.

Ch. 29

Upper Extremity Joint Injections

Nosir

381

♦ The needle is inserted at the entry point outlined above.

• If the patient reports any tingling, the needle has entered

♦

♦

♦
♦

the nerve.
• The rule of thumb is not to inject the median nerve.
• The patient will normally report sharp electrical
sensation when the needle tip is against the median
nerve and sharp pain if the needle tip pierces the
median nerve.
• If this occurs, then injection should be stopped and
redirection of the needle is necessary to avoid intraneural injection.
The needle placement is confirmed under fluoroscopic
guidance by injecting 0.1 mL of contrast outlining the
carpal canal.
• The contrast will spread in a longitudinal fashion within
the canal.
• If the contrast spread in a transverse fashion indicating
needle insertion into the flexor retinaculum which is the
roof of the carpal canal, the needle should be repositioned into the canal.
After safe location of the needle within the carpal canal,
inject 1 to 2 mL mixture of local anesthetic with corticosteroid into the carpal canal space around the nerve (Fig.
21).
• The volume injected into the carpal tunnel should be kept
to a minimum to reduce a postinjection discomfort.
Apply a sterile, adhesive bandage to the puncture site.
Provide the patient with postprocedural instructions.
• The patient is advised that there may be mild soreness
at the injection site that resolves in 24 to 48 hours.
• Anesthesia in the distribution of the median nerve verifies injection into the carpal tunnel. These paresthesias
may last for 1 to 2 weeks after the injection.

Complications

♦ Infection or intraneural injection is possible.40
Wrist Joint Injection
Indications

♦ Wrist joint injection is a useful diagnostic and therapeu-

tic procedure for joint inflammation due to rheumatoid
arthritis, gout, and osteoarthritis.6,10,13

Anatomy

♦ The wrist joint is a radiocarpal articulation between the

articular surface of the radius, the distal surface of the
ulnar articular disk, and the scaphoid, lunate, and triquetrum (Figs. 22 and 23).10,40

Fig. 21. Illustration of carpal tunnel (canal). Courtesy of
Bhupinder Saini, MD.

Technique

♦ The patient is placed in a supine position with the arm

resting on the examination table. The hand is placed palm
down, with the wrist positioned over a rolled towel.
♦ Identify the injection site.
• The wrist joint is approached from the dorsal aspect.
The entry point is at the depression just distal to the
distal edge of the radius on the ulnar side of the extensor pollicis longus tendon (Fig. 24).
♦ Prep and drape the area in a standard, aseptic fashion.
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A. Posterior (dorsal) view.

B. Coronal section, dorsal view.

C. Flexor retinaculum removed, palmar view.

Fig. 22. Illustration of bony anatomy of the wrist. Netter medical illustration used with permission of Elsevier. All rights reserved.
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A. Anterior (palmar) view.

B. Anterior (palmar) view.

C. Posterior (dorsal) view.

Fig. 23. Illustration of bony anatomy of the wrist. Netter medical illustration used with permission of Elsevier. All rights reserved.
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De Quervain Tenosynovitis
Indications

♦ De Quervain Tenosynovitis is characterized by irritation

or swelling of the tendons of the thumb at the wrist.
• The inflammation thickens the tendon sheath.
• The tenosynovium constricts the tendon as it glides
inside the sheath. This may cause triggering phenomenon with the tendon seeming to lock or stick as
the patient moves the thumb.
• The muscles involved are the abductor pollicis longus
and the extensor pollicis brevis.40,50-52

Anatomy

♦ The extensor pollicis brevis and abductor pollicis longus

tendons to the thumb cross at a point 2 cm proximal to the
radial styloid.40,50

Fig. 24. Wrist joint injection: Dorsal approach at the
depression just distal to the distal edge of the radius on
the ulnar side of the extensor pollicis longus tendon.

Technique

♦ The patient is placed in a supine position with the arm
resting on the examination table.

♦ Identify the injection site.
♦ A 1.5-inch, 25-gauge needle is inserted at the entry point,

♦

♦

♦
♦

gently manipulated into the joint cavity. Aspiration is
attempted until the needle has entered the synovial space.
If there is effusion of the joint, fluid is aspirated and sent
for lab analysis.
Confirm needle placement utilizing fluoroscopy.
• After negative heme aspiration, and if the aspirated fluid is noninflammatory, clear, and viscous, inject 0.5 mL
contrast dye, which will outline the joint nicely under
fluoroscopy and confirm no intravascular uptake has
occurred.
Inject a total of 2 to 3 mL mixture of steroids with local
anesthetics.
• No significant resistance should be encountered. If
resistance is encountered, redirect the needle in the joint
cavity.
An elastic bandage or splint immobilization for 24 hours
after injection may decrease discomfort.
Provide the patient with postprocedural instructions.

Complications

♦ If an arterial puncture occurs, prolonged direct pressure is usually adequate to prevent the development of a
hematoma.40
• Although rare, infection may occur.

• The extensor and abductor tendons to the thumb cross

at a point proximal to the radial styloid.

♦ Prep and drape the patient in a standard, aseptic fashion.
♦ Using a 27-gauge needle, the needle is inserted at a 45-

degree angle to the skin and in line with 2 tendons.
• SA skin wheal is created with local anesthetic and the
needle is advanced until it touches one of the underlying tendons. The local anesthetic is injected while slowly
withdrawing the needle until the anesthetic flows freely.
• Passive motion of the thumb is performed. If the needle
moves with the thumb, it is an indication of penetration of a tendon, and the needle is withdrawn from the
tendon and repositioned.
♦ Inject 0.5 mL steroid and local anesthetic solution into the
tendon sheath without resistance. Steroid is never injected
into the tendon itself.
♦ Apply a sterile, adhesive bandage to the puncture site.
♦ Provide the patient with postprocedural instructions.
• Usually, the thumb is splinted at night.
• Increased pain is common following the injection, especially within the first 24 to 48 hours.
Complications

♦ Although rare, infection may occur.33,50

• Subcutaneous fat atrophy may follow subcutaneous

infiltration of the cortisone, leading to a waxy appearing
depression in the skin.
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Trigger Finger Injections

Ganglion of the Wrist

Indications

Indications

♦ “Trigger finger” is an inflammation of the flexor tendon

•

sheath that most commonly affects the thumb, ring, and/
or long fingers, and is associated with repetitive trauma.
• It is commonly found in patients with a history of diabetes and rheumatoid arthritis.
• A normal tendon glides back and forth under a
restrained pulley.
• When a nodule develops in the tendon, it passes under
the pulley as the finger flexes, but becomes stuck on
the palmar side of the pulley as the finger extends.
• The finger is then locked in flexion.52-54

Technique

♦ The patient is positioned supine with the arm resting on the
examination table and the palmar surface of the hand exposed.

♦ Identify the injection site.

• The flexor tendon is passed beneath a pulley situated

♦
♦

♦
♦
♦

just distal to the distal palmar crease.
• Palpating this area, as the patient flexes and extends the finger,
reveals a lump that catches as it passes beneath the pulley.
• The entry point is the skin overlying the nodule and
tendon just distal to the distal palmar crease.
Prep and drape the patient in a standard, aseptic fashion.
Insert a 25-gauge needle-syringe combination with the bevel towards the palm as the patient moves the affected finger
through a small arch of flexion and extension. When the needle
touches the moving tendon sheath, there will be a scratchy sensation. If the needle moves while passively moving the finger, it
has penetrated the tendon and should be partially withdrawn
until a scratchy sensation occurs. At this point, the needle tip is
inside the flexor tendon sheath and external to the tendon.
The 0.3-0.5 mL steroid with local anesthetic is injected
into the space above the tendon with no resistance. Never
inject the tendon.
Apply a sterile, adhesive bandage to the puncture site.
Provide the patient with postprocedural instructions.
• The finger will be numb for 1 to 2 hours till the local
anesthetic wears off. The patient should be able to use
the finger after the injection.
• Increased pain is common following the injection, especially within the first 24 to 48 hours.

Complications

♦ Although rare, infection may occur.41,53,54

• Subcutaneous fat atrophy may follow subcutaneous

infiltration of the cortisone, leading to a waxy appearing
depression in the skin.
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Painful wrist kump. The injection of steroids has not been
shown to influence the recurrence rate.55

Diagnosis

♦ A ganglion is a cystic structure that arises from the syno-

vial sheath or a joint cavity.
• The cyst contains a thick fluid identical in composition
to the joint fluid.
• It appears as a lump at the dorsal aspect of the wrist
joint or over the volar radial aspect of the wrist joint.
The ganglion has a connection, a 1-way valve, to the
synovial cavity.
• The synovial fluid can enter the cyst, but it cannot
flow freely back into the synovial cavity.
• This attributes to the variation in the size of the
ganglion, and often significant symptoms arise from
the increased pressure within the cavity and on surrounding structures.40,55

Technique

♦ The patient is positioned supine with the arm resting on
the examination table.

♦ Identify the injection site, by palpation of the ganglion.
♦ Prep and drape the patient in a standard, aseptic fashion.
♦ Anesthetize the site utilizing a 25-gauge needle, infiltrat-

ing local anesthetic into the area immediately proximal to
and surrounding the ganglion.
♦ Penetrate the ganglion with the 22-gauge needle and
attempt to withdraw as much fluid as possible. While aspirating a volar radial ganglion, try to avoid the radial artery,
which can be detected by palpation.
♦ Apply a sterile dressing and a volar plaster splint to the
site.
♦ Provide the patient with postprocedural instructions.
• Increased pain is common following the injection, especially withing the first 24 to 48 hours.
• Recurrence of ganglion is common.
Complications

♦ Although rare, complications may occur.33,41,55

• Although rare, infection may occur.
• Subcutaneous fat atrophy may follow subcutaneous

infiltration of the cortisone, leading to a waxy appearing
depression in the skin.
• Injury to the radial artery with volar ganglion aspiration
can occur.
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Metacarpophalangeal-interphalangeal Joint
Injection
Indications

• The forearm is placed midway between supination and

♦

♦ Metacarpophalangeal-interphalangeal joint injection is

used to treat inflammation of the metacarpophalangeal
and interphalangeal joints due to rheumatoid arthritis, and
other inflammatory conditions, including osteoarthritis of
the hand.10,15,16,27

Technique (Interphalangeal Joint Injection)

♦ The patient is placed in a supine position with the arm

♦
♦
♦
♦
♦
♦
♦
♦

resting on the examination table.
• The hand is placed with the joint extended for approach
from the lateral or the medial aspect, with slight traction applied to the finger.
Identify the injection site, by palpation of the joint.
Prep and drape the patient in a standard, aseptic fashion.
Anesthetize the site utilizing a 27-gauge needle, infiltrating local anesthetic into the area.
A 25-gauge, 1-inch needle is inserted at the border of the
joint and advanced gently through the joint capsule in the
cavity.
Fluoroscopic guidance with 0.1 mL contrast dye is injected
to outline the joint cavity and to confirm no intravascular
uptake.
A mixture of 0.5-1 mL steroid and local anesthetic is
injected after negative heme aspiration.
Apply a sterile bandage.
Provide the patient with postprocedural instructions.
• Increased pain is common following the injection, especially within the first 24 to 48 hours.

Technique (Metacarpophalangeal Joint Injection)

♦ The patient is placed in a sitting or supine position with

the arm resting on the examination table.
• The hand is placed with the joint extended for approach
from the lateral or the medial aspect for the second,
third, fourth, and fifth metacarpophalangeal joint.s

♦
♦
♦
♦
♦
♦

♦
♦

pronation for approach from the dorsal aspect for the
first metacarpophalangeal joint.
Identify the injection site.
• The first metacarpophalangeal joint is palpated along
the dorsal aspect to the groove at its proximal end. The
entry point is at the maximal tenderness over the joint.
• The second, third, fourth, and fifth joints are palpated
along the lateral or medial aspect. The entry point is at
the maximal tenderness over the joint.
Prep and drape the patient in a standard, aseptic fashion.
Anesthetize the site utilizing a 27-gauge needle, infiltrating local anesthetic into the area.
A 25-gauge 1-inch needle is inserted at the point of maximal tenderness. The needle is advanced into the joint
space.
Under fluoroscopic guidance, 0.1 mL contrast dye is
injected to outline the joint and confirm no intravascular
intake.
A mixture of 0.5-1 mL steroid and local anesthetic is
injected after negative heme aspiration.
Take care to avoid injury to the radial artery at the first
metacarpophalangeal joint.
• Take care to avoid injury to the extensor tendons at all
joints.
Apply a sterile adhesive dressing to the site.
Provide the patient with postprocedural instructions.

Complications

♦ Although rare, infection may occur.10
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Key Points
1.

Intraarticular injection of steroids to control the pain caused by joint disease has been used since 1951.

2.

Intraarticular steroid injections are widely used to treat osteoarthritis of the joints and may be particularly beneficial in patients who present with a fusion or other signs of active local joint inflammation.

3.

The goal of treating joint osteoarthritis includes pain control, improvement of functionality and quality of life, and
avoidance of possible side effects of therapy.

4.

Contraindications include infection, anatomic inaccessibility, articular instability, intraarticular fracture, avascular
necrosis, osteoporosis and osteonecrosis, Charcot joint, and surgical implants.

5.

Complications of intraarticular steroid injections include steroid arthropathy, infection, postinjection flare, ligamentous calcification and rupture, skin depigmentation at the injection site and atrophy, systemic steroid effects,
facial flushing and steroid hypersensitivity, and articular cartilage damage.

6.

Commonly used steroids for intraarticular joint injections include triamcinolone acetonide, methylprednisolone
acetate, betamethasone sodium phosphate and acetate, and dexamethasone.

7.

Intraarticular hyaluronan injections are used as visco-supplementation to restore normal homeostasis.

8.

Multiple joints injected in the upper extremity and chest wall include costochondral joint, acromioclavicular joint,
glenohumeral joint, rotator cuff tendon and subacromial bursa, biceps tendon, elbow joint, olecranon bursa, carpal
tunnel, wrist, and fingers.
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Periarticular, soft-tissue, rheumatic complaints include
localized disorders of tendons, ligaments, muscles, fascia, and
joint capsules.1 Tendon lesions, or tendinopathies, represent a
large proportion of these complaints, and are often the most
difficult to treat. Their high instance of chronicity and recurrence result in significant morbidity and loss of productivity,
representing a major socioeconomic burden.2,3 Corticosteroid
injections are one of the most commonly used treatments in
chronic tendon lesions.1,4
First described in the early 1950s, intraarticular corticosteroids are ubiquitous in the management of arthritic conditions.5-7 Intraarticular glucocorticoid injections are widely
used to treat osteoarthritis of the joints, and may be particularly beneficial in patients who have signs of effusion or other
signs of active local inflammation. Intraarticular glucocorticoid
injections can be used as a primary therapy, or as an adjunct to
systemic therapy with analgesics.7

Corticosteroid Injections in Tendon Lesions
Indications

Table 1. Contraindications of steroids in soft tissue
lesions.

•

If other method of treatment provides pain relief

•

Allergy

•

Local or systemic infection

•

Tendon tear.

•

Coagulopathy

•

Patient refusal

•

Lack of informed consent

•

♦ In the treatment of tendinopathies, local corticosteroid
injections should be reserved for chronic injuries, after
intensive use of other modalities for at least 2 months has
failed.1-3
• Corticosteroid injections should be used when rehabilitation is inhibited by symptoms.1
♦ Informed consent should be obtained from the patient who
must also be willing to follow postinjection guidelines.1,8
• The finest needle that will reach the lesion should be
selected. The practitioner’s hands and the patient’s skin
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•

•

should be cleaned, and a “no-touch” technique used.1,9
In most cases, the use of a short- or medium-acting corticosteroid preparation with local anesthetic is appropriate. Injections should be peritendinous. Avoid injection into the tendon substance. A minimum interval
between injections should be six weeks. Use a maximum
of 3 injections at one site.1,4,10
A soluble preparation may be useful in those patients
who have had a hypersensitivity/local reaction to previous injections.11
Record the detail of injection technique. Do not repeat
the injection if 2 injections do not provide at least 4
weeks of relief.1,12
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Contraindications

♦ If pain relief and anti-inflammatory effects can be achieved

by other methods, local or systemic infection, tendon tear,
young patients, and coagulopathy are contraindications to
corticosteroid injection.2,3,4,8,13,14 (Table 1)

Clinical Applications

♦ Local corticosteroid injections are used to reduce inflam-

mation in patients with chronic tendinopathies.7
• However, inflammation is not a major feature in many
of these lesions. If present, it is a vital component of the
healing response.8
• Inhibiting this process may result in a suboptimal outcome. Studies on animal models have shown that intratendinous corticosteroid injection adversely affects the
biomechanical properties of tendons.15,16
♦ Trigger finger is one of the few conditions where evidence
supports the use of corticosteroids.13
• In a double-blind, randomized, placebo, controlled trial,10 local injection of betamethasone plus lignocaine in
14 subjects versus lidocaine alone in 10 control subjects
was compared.
• At 3 weeks follow-up, 10 subjects in the treatment
group were asymptomatic compared with 2 in the control group.10
Tendon Structure and Pathology

♦ Tendons are collagenous structures with additional teno-

cytes, water, and other matrix components.17
• The term tendinopathy encompasses a spectrum of
disorders including lesions of the tenosynovium, the
peritendon, the enthesis, or the tendon itself. Lesions
can coexist, and the tendon can also tear partially or
completely.1
♦ Pain and dysfunction are the main symptoms. Differentiating between peritendinitis and tendinosis is often
difficult.8
♦ Classic signs of inflammation are often absent. The commonly used empirical classification for tendinopathies:6
• Acute tendinopathies are up to 2 weeks in duration;
subacute, 2 to 4 weeks in duration; and chronic, over 6
weeks in duration.
• Most histological studies of chronic tendon lesions have
shown degenerative features with no cellular evidence
for inflammation.1,8,17
♦ Tendinosis is tendon degeneration, as well as inflammation. The term tendinosis is the preferred term to use,
as most tendon pathology is degeneration rather than
inflammation.1-3,8,17

• Such degenerative features may be asymptomatic. The
pathology may also vary according to the site of the
lesion. In the absence of inflammation, other factors
may cause a painful tendon.2
• Vibration, traction, or shear forces trigger neural transmitters such as substance P to cause pain, biochemical irritants such as chondroitin sulfates may also cause pain.1
• Although the underlying pathology in chronic lesions
is degenerative, inflammation may have a role in the
lesions that occur earlier.8
Tendinopathies

♦ Tendinopathies are a group of lesions with a broad spec-

trum of overlapping characteristics that can pose diagnostic and therapeutic challenges.10
• Local steroid injection in the vicinity of the Achilles
or patellar tendon, or in patients with tears, are often
discouraged because of concern about rupture of heavily loaded tendons or impairment of tissue repair where
disruption is already present.4,14
• There is no evidence that injection of local anesthetic
before the corticosteroid is beneficial. Nor has there
been a noted difference in outcome between utilization
of long-acting versus short-acting anesthetics.13
Types of Tendon Disorders1,2,4,8

♦ Paratenonitis – a disorder of the paratenon coverage. Achilles paratenonitis is a common example of this disorder.

♦ Tenosynovitis – a disorder of the tendon sheath and its
synovial lining. De Quervain’s tenosynovitis is a common
example of tenosynovitis.
♦ Tendinosis – tendon substance degeneration. A common
example of tendinosis is tennis elbow.
♦ Enthesopathy – tendon-bone insertion disorder. Achilles
tendinosis is a common example of this disorder.
♦ Tear – a partial or complete tendon integrity disruption. A
rotator cuff tear is a common example of this disorder.
Corticosteroids

♦ Corticoids are well known anti-inflammatory agents that

inhibit the accumulation of inflammatory cells, and also
prevent phagocytosis, lysosomal enzyme release, and the
synthesis of several inflammatory mediators.7,18
♦ Studies have shown that intraarticular steroid injections greatly decrease labeled neutrophil migration into
inflamed joints of patients with rheumatoid arthritis or
osteoarthritis.19,20
♦ Steroids block the action of microphage inhibitory factors and reduce vascular permeability, cell adhesion, and
migration.21-23
♦ Intraarticular steroids reduce prostaglandin synthesis up
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to 50% and decrease interleukin-1 secretion by synovial
membranes.22,24,25
♦ In rheumatoid knees, corticosteroids rapidly shoot off
collagenase, human leukocyte antigens, and complement
gene expression C2 and C3.23
• Steroids inhibits acid hydrolase release from leukocyte
granules and change the characteristics of synovial fluid
by increasing hyalouronic acid concentration and thus
viscosity.20,26
• Steroid induces the release of lubricating synovial surfactant, and that may contribute to its efficacy as a therapeutic agent.24,27
Commonly Used Steroid Preparations

♦ Triamcinolone acetonide (Kenalog®) 10-40 mg/mL and
average duration of effect is 14 days.21

♦ Methylprednisolone acetate (Depo-Medrol®) 40-80 mg/
mL and average duration of effect is 8 days.18

♦ Betamethasone sodium phosphate and acetate (Cele-

stone Soluspan®) 6 mg/mL and average duration of
effect is 9 days.28
♦ Dexamethasone 10 mg/mL with average duration of effect
is 8 days.13
♦ Triamcinolone and Betamethasone seem to remail within
the joint cavity longer than Depo-Medrol® and their systemic effect is less because of low serum levels and prolonged relief time.18,21,23,24,29 (Table 2)
Technique1-4,8-10,14,18

♦ In tenosynovitis, the inflammation lies between the ten-

don and its surrounding sheath.
• The needle is placed in the space, which is usually widened by fluid. Define the tendon involved and its course
— usually a straight line.
• Put the tendon under light tension by resisting movement
at its appropriate joint. Employ a fine needle, 25−gauge,
and pass it into the skin at 30 degrees, beveled downward, parallel to the skin in the line with the tendon.
• When the needle touches the tendon sheath, there will
be a scratchy sensation. If the needle moves while passively moving the tendon, it has penetrated the tendon
and should be partially withdrawn until a scratchy sensation occurs. At this point, the needle tip is inside the
tendon sheath and external to the tendon.
• As the needle advances into the space, slowly inject the
corticosteroid. The 0.3-0.5 mL steroid is injected into
the space above the tendon with no resistance.
• Never inject the tendon.
• Resistance to the needle and the injection will be felt as
the needle enters the tendon proper.
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Table 2. Commonly used steroids and their concentrations.
• Triamcinolone acetonide
(Kenalog®)

10-40 mg/mL

• Methylprednisolone acetate
(Depo-Medrol®)

40−80 mg/mL

•	Betamethasone sodium phosphate
and acetate (Celestone Soluspan®)

6 mg/mL

• Dexamethasone

10 mg/mL

Withdraw slightly and the needle will be positioned in
the tendon sheath. Inject the rest of the cortisone slowly
and withdraw the needle.
♦ Blind injection of deep tendons, including trigger fingers,
is not recommended. During infiltration of soft tissues,
the needle should be repeatedly withdrawn to just below
the surface and then advanced at an angle to the 4 quarters,
with steroid being injected as it advances.
• This reduces the number of skin punctures and also uses
the skin to fix the injection area.10
• Steroid injections are a simple and effective way of
treating some types of local tendon inflammation. Its
success depends on accuracy of diagnosis and correct
technique.3
♦ Warn the patient of the early postinjection effects of local
anesthesia and to avoid any initial overuse of the tendon.
Instruct the patient to rest the tendon for at least 2 weeks
after the injection and avoid tendon heavy loading for 6
weeks. The patient should inform the doctor if there are
signs or symptoms of infection or any other serious adverse
event.1,9
•

Adverse Effects of Steroids

♦ The relevance of the steroid used, the tissue affected, the

extent of injury, the phase of healing at the time of injection, and post-injection events are determined.16,30
• Complete tendon rupture with loading after steroid
injection is recognized. Reported side effects include
tissue atrophy, facial flushing, postinjection flare, and
hypersensitivity reactions.11,13,14,25,31
• Resuscitation equipment and facilities should be available during the procedure in case a patient has a rare,
severe reaction.11
• Sepsis is reported in one in 17 intraarticular or soft tissue injections.13
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Intraarticular Glucocorticoid Injections

Indications

•

•

•

Intraarticular corticosteroids are widely used in the management of arthritic conditions.5-7 Early studies by Hollander
and colleagues showed that the intraarticular hydrocortisone injections decreased synovial fluid leukocyte counts
and temperature, while increasing its viscosity.5-7,20
Intraarticular glucocorticoid injections are widely used to
treat osteoarthritis of the joints, and may be particularly
beneficial in patients who have signs of effusion or other
signs of active local inflammation. Intraarticular injection
of glucocorticoids is an effective, short-term method of
decreasing the pain.5,6,26
Intraarticular glucocorticoid injections can be used as primary therapy, or as an adjunct to systemic therapy with
analgesics.7

Osteoarthritis

♦ Patients often report notable symptomatic relief after

intraarticular injections for the treatment of osteoarthritic joints.24
• A series of hydrocortisone injections in 1,034 osteoarthritic knees revealed an initial 10% failure rate with
80% of the patients experiencing sustained improvement at follow up.7
♦ An early comparison of intraarticular triamcinolone and
placebo injections, however, showed greater pain relief
with the steroid injection at one week, but similar rates at
later intervals.24
♦ A survey of patients with acromioclavicular arthropathy
injected with steroids plus local anesthetic also showed
immediate improvement in 93% of cases, but 81% had
long-term failures.40
♦ Intraarticular steroid injections are an effective method of
treatment in decreasing pain in symptomatic osteoarthritis
of the joints.40-42

Contraindications9,11,13,25,31-34

♦ Infection is the main contraindication to intraarticular

steroid injection. Active infection in surrounding regions,
such as overlying skin, greatly increases the risk of inoculating a joint during injection.32,33
♦ Injection of surgically implanted joints is relatively contraindicated because these joints are more prone to infection
than intact joints and are usually inflamed secondary to
infection rather than synovitis. Injection of cortisone into
a nonsynovial joint is rarely of value because there is no
synovial sac to decrease inflammation.25,29
♦ Steroid injections are not recommended immediately after
an acute injury or immediately before an athletic event as
it may suppress the internal steroids needed for the stressful body event. The joint should be protected from further
injury after the injection.35 (Table 3)
Clinical Applications
Rheumatoid Arthritis

♦ Many studies have shown the benefit of intraarticular ste-

roid injections in patients with rheumatoid arthritis.36-38
In a review of patients with rheumatoid arthritis, 75% of
injected joints remained in remission for up to 7 years with
little or no inflammation.23
♦ The use of gadolinium-enhanced MRI has provided more
objective evidence, with images showing up to a 68%
reduction in synovial membrane and joint effusion volume
one week after the intraarticular injection of steroids.25,39

Table 3. Contraindications of intraarticular steroids.
Absolute
• Infection:
main contraindication
•	True hypersensitivity to
corticosteroids
•	Uncontrolled bleeding
diathesis
• Anatomic inaccessibility
• Intraarticular fracture
• Avascular necrosis
• Severe osteoporosis
• Osteonecrosis
• Charcot joint
•	Patient refusal
• Lack of informed consent

Relative
•	Anticoagulation therapy
• Antiplatelet therapy
• Joint instability
•	Poorly controlled
diabetes
• Joint prosthesis
• Adjacent abraded skin
• Needle phobia
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Corticosteroids

♦ Corticosteroids are well known anti-inflammatory agents
♦

♦
♦
♦

that inhibit the accumulation of inflammatory cells, and
also prevent phagocytosis, lysosomal enzyme release, and
the synthesis of several inflammatory mediators.7,18
Studies have shown that intraarticular steroid injections greatly decrease labeled neutrophil migration into
inflamed joints of patients with rheumatoid arthritis or
osteoarthritis.19,20
Steroids block the action of microphage inhibitory factors and reduce vascular permeability, cell adhesion, and
migration.21-23
Intraarticular steroids reduce prostaglandin synthesis up
to 50% and decrease interleukin-1 secretion by synovial
membranes.22,24,25
In rheumatoid knees, corticosteroids rapidly shut off collagenase, human leukocyte antigens, and complement gene
expression C2 and C3.23
• Steroids inhibits acid hydrolase release from leukocyte
granules and change the characteristics of synovial fluid
by increasing hyalouronic acid concentration and thus
viscosity.20,26
• Steroids induce the release of lubricating synovial surfactant, and that may contribute to its efficacy as a therapeutic agent.24,27
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also add a local anesthetic such as Lidocaine for immediate
pain relief. Triamcinolone and betamethasone remain inside
the joint longer than does methylpredinsolone.23,25,29,42-44
♦ Commonly used steroid preparations are:
• Triamcinolone acetonide (Kenalog®) 10−40 mg/mL
and average duration of effect is 14 days.21
• Methylprednisolone (Depo-Medrol®) 40−80 mg/mL
and average duration of effect is 8 days.18
• Betamethasone sodium phosphate and acetate (Celestone Soluspan®) 6 mg/mL and average duration of
effect is 9 days.28
• Dexamethasone 10 mg/mL and average duration of
effect is 8 days.13
• Triamcinolone and Betamethasone seem to remain
within the joint cavity longer than Depo-Medrol® and
their systemic effect is less because of low serum levels
and prolonged relief time.18,21,23,24,29 (Table 2)
Technique

♦ Corticosteroids are perhaps the most satisfactory, and cer-

Steroid Preparations

♦ Hydrocortisone was the first steroid used for intraarticular

injection.5-7 The administration of hydrocortisone tertiarybutyl acetate produced superior clinical results.7
• This was followed by the development of longer lasting compounds in the form of esters of prednisolone,
triamcinolone, and dexamethasone. Duration of effect
is inversely proportional to solubility.18,21,43
♦ The triamcinolone hexacetonide is the least soluble and
thus the longest acting.21 Over the last 20 years, efforts
have focused on incorporating corticosteroid derivatives
into liposomes to render them less soluble, and thereby
increasing their retention time within the joint.19,28
• Patients receiving triamcinolone acetonide or triamcinolone hexacetonide injections reported more potent
and longer lasting pain relief with sustained alleviation
of symptoms.25,29,43
♦ A survey found surprising lack of consensus regarding
injection protocols.43 Favored preparations included DepoMedrol®, preferred by 34.6% of physicians, and Kenalog®
chosen by 31.2%. These numbers correlated closely with
the physician’s training history.
♦ Most practitioners reported using 40 mg/1 mL, doses in
large joints regardless of which steroid was used; while 66%
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♦

♦

♦
♦

♦

tainly the least expensive form of therapy for inflammatory
joint disease.5,29
• Relief tends to be maintained longer with triamcinolone derivatives. The longer duration of effect may be
due either to delayed absorption and conversion to an
active product, or to the relatively larger doses usually
given.18,21,43
• If a local anesthetic is to be given at the same time, either
a short- or long-acting anesthetic, or satisfactory equal
volumes of anesthetic and steroids can be used.6,9,28
A small needle, 25−gauge, can be used unless the joint
is to be aspirated. In that circumstance, a larger needle,
17−gauge, is necessary so the needle will not be blocked
with joint debris.45
The joint is laid bare and all loose clothing removed so
that a wide space is visible. The anatomical landmarks are
identified and the site of injection identified.
• Marking of this spot can be done with a drop of iodine
or by thumbnail pressure.46
It is important for the patient to relax so the joint is in a stable, relaxed position, in which the bony parts of the joint are
somewhat distracted, and not tightly pressed together.47
The skin should be cleaned with an antiseptic solution
preparation. The practitioner’s hands are washed and the
joint structure is redefined, taking care not to touch the
skin (“no-touch” technique).9,29
Fluoroscopic guidance adds more benefit for correct needle positioning and placement.
• Skin anesthesia is not usually necessary when the needle
is inserted since most of the pain comes from pressure
on an inflamed joint, from contacting bone, or from
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contacting cartilage, rather than passing the needle
through the skin.45
Larger effusions should be aspirated before injecting
corticosteroids.
The injection can be given rapidly. Finally, a little fluid aspirated to ensure the needle is still in the synovial cavity.
• Any resistance to injection suggests that the needle is
outside the synovial cavity or against articular cartilage
or bone.48
Withdraw the needle, put on a clean dressing, and watch
for delayed vasovagal response.
The patient should be warned not to participate in excessive exercise after injection as improvement in symptoms
is anticipated, but underlying disease process will still be
present, despite the fact the joint will be less painful and
swollen.25,29,45
Excessive and prolonged intraarticular steroid use may be
damaging to the articular cartilage, thus the number of
injections to treat a single joint should be restricted to a 3
to 4 months interval between doses.29,30,34 However, more
injections may occasionally be needed to produce positive
results for a tennis elbow or frozen shoulder.9,25,28,29,45-48

Intraarticular Viscosupplementation Injections
♦ Hyaluronan is a linear polysaccharide naturally found in

the synovial fluid, in which it maintains the structure of
proteoglycans molecules.
• Viscosupplementation is used for treatment of knee
and hip osteoarthritis in patients who fail to respond
adequately to conservative nonpharmacological therapy
and to simple analgesics.
♦ Hyaluronan applied at an earlier stage of osteoarthritis
may be more effective. In osteoarthritis, the reduced concentration and molecular weight of hyaluronan results in a
low viscosity of the synovial fluid and increase in cartilage
loading.
♦ Viscosupplementation can be used to restore normal
homeostasis, providing introduction of a solution equal
in viscosity and elasticity to the synovial fluid and consequently alleviating pain.
• Use of an intraarticular hyaluronan preparation resulted in clinically significant greater pain relief than that
reported after intraarticular injection of a placebo, and
a comparable level of pain relief with that seen with use
of oral nonsteroidal anti-inflammatory drugs.
• The proposed mechanism of action is believed to be
through inhibition of inflammatory mediators (such as
cytokines and prostaglandins), stimulation of the cartilage matrix, inhibition of cartilage degradation, and a
direct protective impact upon nociceptive nerve endings.
• Viscosupplementation treatment can be a therapeutic
component in the long-term management of osteoarthritis, including end-stage disease.49,50

Side Effects and Complications
Steroid Systemic Effects

♦ Early signs supporting systemic absorption of locally

administered corticosteroids included clinical improvement in distant joints, transient osteopenia, and increased
level of urinary metabolites.42,44
♦ Hypothalamic-pituitary-adrenal suppression occurred in
patients treated with 4 mg of dexamethasone or 4 mg of
methylprednisolone acetate. A decrease in plasma cortisol
levels was measured for 3 to 6 days after the injection and
a suppressed stress response to hypoglycemia was noted at
48 hours.35,51
♦ Methylprednisolone levels after intraarticular knee joint
were measured. Peak serum levels occurred between 2
hours and 12 hours after injection, and increased with
larger doses. Higher serum levels were achieved by dividing a given dose into 2 joints rather than administering it
into a single knee. This is attributed to a greater absorptive
surface area of synovial membrane.18,24,34,44
♦ Systemic absorption may thus be responsible for some
of the injection’s adverse effects. In addition, suppression
of the adrenal access may significantly impair a patient’s
response to operative stresses.19,21,30,35,44,51
Steroid Arthropathy

♦ The prevalence of steroid arthropathy is 0.8%.34 In

a patient with osteoarthritis of the hip, who had been
treated with intraarticular injection of hydrocortisone at
monthly intervals, destruction of the femoral head was
reported.12,30
• A follow up with preinjection and postinjection radiographs revealed significant progression of disease despite
subjective clinical improvement. This might be due to
increased physical activity secondary to pain relief in an
otherwise abnormal joint.52
♦ The occurrence of Charcot-like arthropathy after intraarticular steroid injection and microscopic analysis documented cartilage reduction as well as denudation of the
bone were reported.25,30,53
♦ Studies in rabbits, 40 receiving intrasynovial injections,
replicated these findings with fibrillation of the articular
cartilage and fissuring formation noted. There was a progressive loss of endoplasmic reticulum, mitochondria, and
Golgi apparatus with an increasing number of injections.
• A linear decrease in proteoglycans content and protein synthesis was also observed. Proteoglycans levels are gradually restored to normal but that recovery
may take up to 6 months. No conclusions were drawn
regarding the appropriate, safe, and effective dose of
corticosteroids.53
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♦ Prolonged corticosteroid use may be damaging to articular
cartilage. The number of injections given into a single joint
should be restricted, with most clinicians recommending a
3-month interval between doses.25,29,30

Tendon Rupture

♦ Tendon rupture has been reported after cortisone injec-

tions in or near tendons.14 The prevalence of tendon rupture after intraarticular steroid injection is less than 1%.34
• An Achilles tendon rupture occurred in a runner receiving 3 hydrocortisone injections near the distal portion
of the tendon over a 2-month period.4,14
•
Other common involved sites of rupture include the
rotator cuff in the elderly and wrist extensor tendons in
patients with rheumatoid arthritis.1,4,8,13
• Dog tendons treated with cortisone were 40% weaker
than were normal controls.16
• Tendon rupture, although dose related, remains
small.13,15,25

Avascular Necrosis

♦ A number of reports have linked intraarticular corticoste-

roids to avascular necrosis both at the site of the injection
and in distant joints.25,34
• A review of around 100 radiographs, 43 taken after
local steroid treatment in children with chronic arthritis, revealed 3 cases of avascular necrosis at the site of
injection, 2 at the distal radial epiphysis, and one at the
proximal femoral epiphysis.
• Bilateral osteonecrosis of the femur and proximal tibia
was found in a patient receiving multiple injections in
both knees.19,21,52

Infection

♦ Infectious arthritis is a rare complication of local steroid
therapy; the prevalence is less than 0.1000006%.
• Without the use of sterile gloves, masks, or drapes, Hollander et al26 reported an instance of one infection per
14,000 injections performed. The orthopedic department at the Mayo Clinic reported no infection for 3,000
injections given under sterile technique in one year.28
• A study described cases of septic arthritis after knee
arthroscopy during which 2 mL of methylprednisolone
had been injected.25,32
• One study reported 7 of 352 cases of postarthroscopic
articular sepsis with the use of intraoperative steroids
correlating with the risk of infection.33
34
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♦ The usual causative organism is staphylococcus aureus,
although infection with gram negative bacteria and microbacteria has been reported.32,33
♦ These studies do not compare infection rates during
arthroscopy with and without steroid use. Thus, postoperative infections can be attributed neither to the intraarticular steroids nor to the surgical procedure itself.25
Postinjection Flare

♦ Post-steroid-injection flares occur in up to 2%-5% of

patients.34,54 They usually manifest as joint swelling and
pain several hours after treatment and subside in one to 3
days.
• Steroid crystals within leukocytes and a crystal-induced
arthritis is the suggested mechanism.25,54
♦ The use of longer acting steroid esters seems to be associated with a lower instance of flares. Reduction in flares can
be due to the greater solubility of the compounds.25,54
♦ If a flare persists, joint aspiration is necessary to rule out
sepsis.54
Hypersensitivity Reactions

♦ There are numerous reports of hypersensitivity reactions

to locally administered steroids.10,34 These include facial
flushing occurring within minutes of injection, as well as
urticarial dermatitis.31
♦ A case of anaphylaxis with sneezing, angioedema, tachycardia, and hypotension occurring immediately after
intraarticular injection of methylprednisolone acetate has
been reported. The patient was tested for all agents present
in the injected solution and found to be reactive to only
methylprednisolone acetate.11,31
♦ The prevalence of facial flushing is less than 1%; however,
hypersensitivity is rare.11,31,34
Other Adverse Effects

♦ Skin depigmentation and/or atrophy at the site of the

injection are less than 1%.31 Periarticular calcification and
transient weakness of the injected extremity are rare.55
♦ Intraarticular corticosteroids are valuable tools in the
management of various arthritic conditions. Although
progression of the disease is not directly affected, steroid
injections provide significant pain relief, especially when
combined with nonsteroidal anti-inflammatory drugs,
rest, and physical therapy.5,7,9,26,29
♦ The small number of reported complications, however,
suggests that low intermittent doses pose little risk of significant adverse effects (Table 4).34
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Hip Joint Injection
Table 4. Adverse effects of intraarticular steroid
injections.
• Steroid Arthropathy
• Tendon rupture
• Avascular necrosis
• Infection
• Postinjection flare
• Hypersensitivity reactions
• Skin depigmentation/injection site atrophy
•	Periarticular calcification and transient weakness of
the injected extremity

Indications

♦ Hip joint intraarticular steroid injection is used to treat

inflammation of the hips secondary to osteoarthritis or
rheumatoid arthritis.5
• Intraarticular viscosupplementation is used to treat hip
osteoarthritis.49

Anatomy

♦ The deep acetabulum receives the rounded femoral head
to form a synovial ball-and-socket hip joint.36 (Fig. 1)

Technique
The Anterior Hip Joint Approach9,18,45,46

♦ After informed consent is obtained, the patient is placed

in a supine position with the leg straight and externally
rotated.
♦ A point is marked at 4 cm below the anterior superior iliac

Fig. 1. Anterior and posterior anatomy of the hip joint. Netter medical illustration used with permission of Elsevier. All rights
reserved.
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Fig. 2. Fluoroscopically guided intraarticular hip joint injection. Contrast spread into the hip joint cavity.

♦
♦
♦
♦

♦

spine of the ilium and 2 cm lateral to the palpated femoral pulse at the level of the superior edge of the greater
trochanter.
The skin is prepared in a standard aseptic fashion.
A 6−inch, 22−gauge spinal needle is inserted at the mark
in the posterior medial direction at an angle of 45 degrees
to the skin.
Under fluoroscopic guidance the needle is then passed
through the capsular ligament to the bone and is slightly
withdrawn.
Under fluoroscopy, contrast medium is injected to confirm appropriate needle placement. Contrast spread into
the joint cavity is observed, confirming no intravascular uptake. Aspiration is attempted until the needle has
entered the synovial space.
After negative blood aspiration or if the aspirated fluid is
noninflammatory, clear, and viscous, inject the joint with a
2−4 mL mixture of Kenalog® and local anesthetic.

♦ The posterolateral hip joint approach is used by placing

the needle into the joint cavity just superior to the margin of the greater trochanter at its posterior border. The
patient is placed in lateral position with affected side up.
The joint needle insertion is done with aid of fluoroscopy.
♦ The posterior hip joint approach is used by placing the
needle into the joint cavity just superior to the margin of
the greater trochanter at its posterior border. The patient
is placed in prone position. The joint needle insertion is
done with aid of fluoroscopy. Care is taken to avoid injury
to the sciatic nerve, which runs posterior the hip joint.
♦ A lateral hip joint approach is used by introducing the
needle just anterior to the greater trochanter along the
neck of the femur towards the joint space. The patient can
be placed supine. Hip joint internal rotation and adduction
with downward traction on lower extremity from the foot
is helpful to open the joint space laterally. The needle is
placed into the joint with aid of fluoroscopy. (Figs. 2A-E)
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This is the author-preferred approach.

Adverse Effects

♦ Avascular necrosis of the hip has been reported due to
repeated intraarticular injection of corticosteroids.25,34,52

♦ Hematoma and intravascular injection are possible side
effects.
• If an arterial puncture occurs, a prolonged direct pressure is usually adequate to prevent the development of a
hematoma.46

♦ Corticosteroid should not be injected if the joint is infected. Although rare, infection can happen.32,33

Trochanteric Bursa Injection
Indications

♦ A trochanteric bursa injection is used to diagnosis and

treat bursitis of the hip which presents as pain in the lateral thigh during ambulation. Pain may be elicited by placing the hip in external rotation and abduction.9,29

Anatomy

♦ Trochanteric bursa is a connective tissue sac containing a

small amount of fluid located around the femoral greater
trochanter.46

Technique9,18,28,45,46

♦ The patient is usually placed in a lateral position with the
affected hip up.

♦ Under fluoroscopic guidance, the bursa location is identi-

♦

♦
♦

♦
♦

♦

Fig. 3. Fluoroscopically guided trochanteric bursa injection.
Contrast spread inside the bursal sac.

fied around the greater trochanter. (Figs. 3A and 3B)
• Place a pillow between the patient’s knees to relax the
iliotibial band and reduce the pressure required to inject
the solution. Clean the skin with aseptic solution.
A mixture of local anesthetic and corticosteroid preparation is drawn into the syringe for injection.
• A 3.5-inch needle is normally sufficient, but a longer
needle may be needed for larger patients.
Palpate the greater trochanter and identify the point of
maximal tenderness.
Insert the needle until it contacts the bone, then withdraw
the needle 1−2 mm so the tip is in the bursa, and not in the
periosteum or bone.
• The needle should not be too far withdrawn to ensure
placement of the needle into the bursa not above the
fascia lata or outside the trochanteric bursa.
Under fluoroscopic guidance, inject contrast to outline the
bursa. After negative heme aspiration, 1−2 mL volume of
the steroid preparation plus local anesthetic is injected.
The needle is partially withdrawn and reinserted and
another 1−2 mL is injected.
• This is repeated to infiltrate an area of several square
centimeters around the point of maximal tenderness.
Withdraw the needle completely and apply gentle pressure over the injection site. Dress the puncture wound with
a sterile adhesive bandage.
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Adverse Effects

Knee Joint Injection

♦ Although rare, infection or allergic reaction to local anes-

Indications

♦
♦

♦

♦
♦

thetic or corticosteroid preparation is possible.32,34
• Always ask the patient about medication allergies before
the procedure.
In some patients with diabetes, poor control of blood sugar
levels may occur, but this is usually temporary.29,30
If the local anesthetic is injected near a major nerve such
as the sciatic or femoral nerve, transient nerve dysfunction
may occur.
• Infiltration of the nerve can lead to permanent
dysfunction.46
A minority of patients may require more than one injection
to achieve lasting pain relief. However, repetitive injection
of the trochanteric bursa with corticosteroid should be
avoided.9,18,45
Advise the patient that as the local anesthetic wears off,
the pain may persist or become worse for a few days until
the corticosteroid takes effect.34
Instruct the patient to attempt weight-bearing as tolerated
and to contact the physician if symptoms persist. Patient
is to follow up if any occurrence of redness, fever, immobilizing pain, or other evidence of a local problem presents
related to the injection. Bursa should not be injected if
infection is suspected.1,9,45,45

Nosir

399

♦ Intraarticular corticosteroid injection of the knee joint is
used to treat noninfective inflammatory joint disease secondary to rheumatoid arthritis or osteoarthritis, specifically in the inflammatory phase of osteoarthritis.18,21
• Intraarticular viscosupplementation is used to treat knee
osteoarthritis.50

Anatomy

♦ The knee joint is a synovial joint formed by the articulation
between the tibia and lower part of the femur.21 (Fig. 4)

Technique18,19,21,28,29,39,47,50

♦ After informed consent is obtained, the patient is placed in
the supine position with the knee flexed to 60 degrees.

♦ The knee is prepared in a standard aseptic fashion.
♦ The anteromedial or anterolateral approach is used. This is
the author-preferred approach.

♦ A 3.5-inch, 25−gauge needle is inserted and advanced
towards the intercondylar notch.

Fig. 4. Anatomy of the right knee, anterior view. Netter medical illustration used with permission of Elsevier. All rights reserved.
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Fig. 5. Fluoroscopically guided intraarticular knee joint
injection. Contrast spread into the knee joint cavity. AP
view.

Fig. 6. Fluoroscopically guided intraarticular knee joint
injection. Contrast spread into the knee joint cavity.
Lateral view.

Inject contrast dye to outline the joint space under fluoroscopic guidance and confirm no intravascular uptake.
(Figs. 5,6)
• Aspiration is attempted while the needle is inserted into
the synovial space.
• After negative aspiration, or if aspirated fluid is noninflammatory, clear, and viscous, inject the joint with a
2−4 mL mixture of Kenalog® and local anesthetic.
♦ An alternate approach may be used to access the suprapatellar pouch, which is continuous with the synovial space
of the knee.
• The patient is placed in a supine position with the leg
fully extended. The patient is prepared in standard aseptic fashion.
• Throughout the procedure, the patella should be
grasped between the examiner’s thumb and forefinger
and be able to be moved from side to side to ensure that
the quadriceps muscle is relaxed.
• A 3.5-inch, 25−gauge needle is inserted horizontally
into the suprapatellar pouch at a point lateral and posterior to the patella at the level of its cephalic edge.
• A small amount of pressure is placed on the patella pushing it to the side of the needle insertion. This improves

the ability to direct the needle during advancement.
Inject contrast dye outlining the joint space under fluoroscopic guidance and confirm no intravascular uptake.
• Aspiration is attempted while the needle is inserted into
the synovial space.
• After negative aspiration, or if aspirated fluid is noninflammatory, clear, and viscous, inject the joint with a
2−4 mL mixture of Kenalog® and local anesthetic.
♦ Advise the patient to restrict walking activity for 24 hours
after injection to minimize dispersion of the corticosteroid
from the joint.

•

•

Adverse Effects

♦ Although rare, infection and hemarthrosis may
occur.33,34,47
• The joint should not be injected if infected.
♦ It is contraindicated to inject this joint in a person with
hemophilia unless the risk of intraarticular bleed has been
minimized.47
♦ Corticosteroid injection into the knee joint may impair
physical growth in children and can result in a significant
leg length discrepancy.25,30,47,52
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Fig. 7. Anatomy of the knee, medial view. Anserine bursa visible deep to semitendonosis, gracilis, and sartorius tendons.
Netter medical illustration used with permission of Elsevier. All rights reserved.

Pes-Anserine Bursa Injection
Indications

♦ The anserine bursa is one of the most common bursa in
the lower extremity to become inflamed. Knee pads are
recommended for athletes with anserine bursitis. PesAnserine bursa injection is a useful diagnostic and therapeutic procedure in the treatment of bursitis resulting
from osteoarthritis or direct trauma. Pain is noted inferior
to the anteromedial surface of the knee when climbing
stairs. Pain is reproduced with knee in flexion and extension while internally rotating the leg.28,47

Anatomy

♦ The Pes-Anserine is the adventitial sac located inferior

to antero-medial surface of the knee joint.The bursa is in
between the semitendinosus, gracilis and sartorius (S.G.S)
muscle tendons insertion at the anteromedial surface of
proximal end of the tibia somewhat inferior to the tibial
tuberosity.18,21,47 (Fig. 7)

Technique18,47

♦ After informed consent is obtained, the patient is placed in
the supine position with the knee in extension.

♦ The knee is palpated for the point of maximal tenderness
over the medial tibial flare. The skin is prepared in a standard aseptic fashion.
♦ A 1.5-inch, 25−gauge needle is inserted perpendicular to
the skin and at the point of maximal tenderness.

Fig. 8. Fluoroscopically guided Pes-Anserine bursa
injection. Contrast spread inside the bursal sac.

♦ The needle is advanced to the periosteum and withdrawn

slightly to enter the bursa.
• Inject contrast dye outlining the bursa under fluoroscopic guidance and confirm no intravascular intake.
(Fig. 8).
♦ After negative heme aspiration, a 1−2 mL mixture of corticosteroid and a local anesthetic is injected.
Adverse Effects

♦ Although rare, infection or bleeding may occur.34,47
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Tibiotalar Joint Injection

Technique9,18,29,45,48

Indications

♦ After informed consent is obtained, the patient is placed

♦ Tibiotalar joint injection is a useful therapeutic procedure

to treat ankle joint pain with inflammation secondary to
osteoarthritis, rheumatoid arthritis, or chronic pain from
instability. Pain most often occurs with ankle extension
and flexion and with weight-bearing.6,24,42,48

Anatomy

♦ The tibiotalar joint is formed by the distal end of the tibia
and articular surface of the talus.48 (Fig. 9)

in the supine position with the leg extended and the ankle
extended over the end of the examination table.
♦ The anteromedial approach is used.
• Palpate and place a mark just anterior to the medial
malleolus over the articulation of the tibia and talus.
(Fig. 10A)
♦ A 3.5-inch, 25−gauge needle is inserted at the mark perpendicular to the skin.
• The needle is advanced slightly laterally to penetrate
the capsule of the joint. The needle is directed into the
tibiotalar joint cavity.
♦ The skin is prepared in a standard aseptic fashion.

Fig. 9. Anatomy of the dorsum of the right foot. Netter medical illustration used with permission of
Elsevier. All rights reserved.
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♦ Aspiration is attempted until the needle has entered the
synovial space. After negative heme aspiration or if the
aspirated fluid is noninflammatory, inject contrast dye outlining the joint under fluoroscopic guidance (Fig. 10B).
♦ Then inject the joint with a 2−4 mL mixture of Kenalog
and local anesthetic.
♦ An alternate approach is the anterolateral, directing the
needle just medial to the lateral malleolus toward the joint
space. (Fig. 10A)
Adverse Effects29,34,48

♦ Although rare, infection and bleeding may occur.
•

Do not inject the corticosteroid if the joint is infected.

♦ Take care to avoid the neurovascular bundle that runs
anteriorly across the joint.

♦ After informed consent is obtained, the patient is placed in
♦
♦

♦
♦

♦

♦ Subtalar joint (Fig. 11) injection is used to treat inflam-

matory conditions secondary to rheumatoid arthritis or
osteoarthritis. Injection of this joint is usually secondary
to osteoarthritis resulting from trauma or from repetitive
overuse injury such as from ballet dancing.23,29,36,48

A.
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Technique18,45,48

Subtalar, Talocalcaneal Joint Injection
Indication

Nosir

the supine position with the feet extended over the end of
the examination table and the foot dorsiflexed to approximately 90 degrees.
Palpate and mark the location of the subtalar joint approximately 1−2 cm distal to the tip of the lateral malleolus and
posterior to the sinus tarsus.
The skin is prepared in a standard aseptic fashion and a
3.5-inch, 25−gauge needle is inserted perpendicular to
the skin at the mark and advanced medially into the subtalar joint.
The injection is done with aid of fluoroscopy to outline the
joint cavity and confirm no intravascular uptake.
Aspiration is attempted until the needle has entered the
synovial space.
• If aspirated fluid is noninflammatory, clear, and viscous,
under fluoroscopic guidance inject the joint with a contrast to outline the joint.
Inject 2−4 mL of a mixture of Kenalog and a local anesthetic after negative heme aspiration.

Adverse Effects30,48

♦ Although rare, infection or hemarthrosis may occur.
♦ Do not inject corticosteroid if there is any suspicion that
the joint is infected.

B.

Fig. 10. A. Ankle joint injection: lateral and medial needle insertion. B. Fluoroscopically guided intraarticular ankle joint
injection. Contrast spread into the ankle joint cavity.
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Fig. 11. Lateral view of bony anatomy of the foot, showing the subtalar joint. Netter medical illustration used with permission
of Elsevier. All rights reserved.

Retrocalcaneal Bursa Injection

Anatomy

Indication

♦ The retrocalcaneal bursa is an adventitial sac located

♦ Retrocalcaneal bursa injection is a useful therapeutic pro-

Technique1,4,9,14,18,48

cedure for the treatment of bursitis secondary to repetitive overuse disorder or rheumatoid disorder. This disorder
may be seen in runners as they increase mileage early in the
season, or from improperly fitting running shoes.4,9,18,25,48

between the Achilles tendon insertion and the upper
region of the posterior surface of the calcaneus.4 (Fig. 12)

♦ After obtaining informed consent, the patient is placed
lying in a lateral position with the affected side up.

Fig. 12. Lateral view showing anatomy of the ankle, and anatomical location of the retrocalcaneal bursa. Netter medical
illustration used with permission of Elsevier. All rights reserved.
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The lateral malleolus and Achilles tendon are palpated.

♦
♦
♦
♦

Adverse Effects

♦ Although rare, infection or bleeding may occur.18,48
♦ Achilles tendon rupture is a possibilty.4,14,15,18
Plantar Heel Fascia Injection

Anatomy

♦ Plantar heel pain occurs where the plantar fascia arises
from the medial calcaneal tuberosity.55

♦ The fat pad is a one-inch thick pad of fatty tissue between

the skin and the plantar surface of the calcaneus. It acts as
a cushion. The fat pad is held by ligamentous stripes which
help keep the fat pad from spreading out and thereby aid in
keeping the fat cushion in place under the heel. If injured,
pain is felt at middle of the heel.18,55

Technique

secondary to inflammation at the attachment of the plantar fascia to the medial calcaneal tuberosity. Plantar fascia
pain is at the anteromedial calcaneus but not in the middle

1,9,18,48,55

♦ After informed consent is obtained, the patient is placed
♦

♦

Indication

♦ Plantar heel fascia injection is used to treat painful heel
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of the calcaneus. This should be differentiated from “fat
pad syndrome” which is pain over the heel fat pad at the
middle of the calcaneus.1,9,18,55

♦ The skin is prepared in a standard aseptic fashion.
♦ A 1.5-inch, 25−gauge needle is inserted between the lat-

eral malleolus and the Achilles tendon insertion perpendicular to the skin.
Advance the needle in the direction where the bursa is
located between the Achilles tendon insertion and the
upper region of the posterior surface of the calcaneus.
Insert the needle until it contacts the bone, then withdraw
the needle slightly to enter the bursa.
After negative heme aspiration, inject contrast dye to outline the bursa and confirm no intravascular uptake.
Inject a 1−2 mL mixture of corticosteroid and local
anesthetic.
• The bursa should not be injected if infected.
• Do not inject if there is resistance.
• Never inject into the Achilles tendon.

Nosir

♦
♦

in the lateral position with the affected medial heel up, and
the lateral heel rests on the fluoroscopy table.
The injection is usually delivered at the “epicenter” of
the pain, the most tender site of the heel. The injection
approaches through the medial heel border posterior to
the point of heel tenderness.
The heel injection is done with fluoroscopy aid. (Personal communication with Dr. Bhupinder Saini). In the
author’s opinion the use of fluoroscopy is for precise
needle insertion and will avoid steroid injection in the
heel fat pad.
The heel area is prepared in a standard aseptic fashion.
A 1.5-inch, 25−gauge needle is inserted through the
medial border of the heel at a point posterior to the heel

Fig. 13. Plantar fascitis injection, contrast spread around the attachment of the plantar fascia to the medial calcaneal
tuberosity, lateral view. Courtesy Bhupinder Saini, MD.
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tenderness.
• The needle is most effectively directed horizontally
from the medial heel border at a point posterior to the
heel tenderness.
• Inject 0.5 contrast dye, which will outline the attachment of the plantar fascia to the calcaneal tuberosity
nicely under fluoroscopy and confirm no intravascular
uptake has occurred. (Fig. 13)
• The lateral view taken with the patient in lateral position will show longitudinal contrast spread along the
plantar fascia near its origin from the medial calcaneal
tuberosity.
• The patient will turn slowly in supine position for axial
heel view (the author-preferred view). The foot is placed
in 90-degreedorsiflexion. The C-arm fluoroscopy image
intensifier is tilted caudal above the foot and positioned
obliquely toward the patient’s foot. This will project the
plantar surface of the calcaneus as “U” shaped. Contrast
spread will be along the plantar surface of medial calcaneal tuberosity with no spread to the middle of the
plantar surface of the calcaneus or far laterally. This will
avoid steroid injection either far laterally or more plantar into the heel fat pad. (Fig.14)
♦ After negative aspiration, inject a 1-2 mL mixture of steroid and a local anesthetic.
• If proper palpation of the point of maximal tenderness
is difficult, inject one-half of the local anesthetic and
corticosteroid mixture in the region of maximal tenderness and the remainder in a fan-wise manner around
the plantar fascia attachment.

• This can be a significantly painful procedure and may

require sedation anesthesia.

♦ After injection, the patient should be discouraged from
excessive walking until the local anesthetic wears off and
should also be encouraged to wear a heel cushion inside
his/her shoe.

Adverse Effects2,3,9,18,31,48,55

♦ Injection of a corticosteroid in the heel fat pad can cause
fat necrosis with loss of cushioning of the plantar heel.

♦ Plantar fascia rupture can occur with steroid injection.
♦ Although rare, infection or bleeding may occur.
Intertarsal Joint Injection
Indications

♦ Intertarsal joint injection is a useful therapeutic procedure
in treating inflammation secondary to osteoarthritis, and
rheumatoid arthritis (Fig.15).18,30,36,48

Technique18,48

♦ After informed consent is obtained, the patient is positioned

supine, with knee flexion and foot flat on the exam table.
• This allows optimal access to the dorsal aspect of the
foot.

Fig. 14. Plantar fascitis injection, contrast spread around the attachment of the plantar fascia to the medial calcaneal
tuberosity, axial heel view. Courtesy Bhupinder Saini, MD.
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Fig. 15. Bony anatomy of the foot, dorsal view showing intertarsal joint. Netter medical illustration used with permission of
Elsevier. All rights reserved.

Metatarsophalangeal Joint Injection
♦ The intertarsal joint (Fig. 15) is palpated for swelling and

Indications

♦
♦

♦ Metatarsophalangeal joint (Fig. 16) injection is a useful

♦
♦

tenderness.
The skin is prepared in a standard aseptic fashion.
A one-inch, 25−gauge needle is inserted at the point of
maximal tenderness perpendicular to the skin and advanced
into the joint cavity.
Under fluoroscopic guidance inject 0.1 mL contrast dye to
outline the joint and confirm no intra-vascular intake.
After negative aspiration, a total of 1−2 mL of steroid and
a local anesthetic are injected.

Adverse Effects18,48

♦ Although rare, infection or bleeding may occur.

therapeutic procedure with inflammation secondary to
osteoarthritis, and rheumatoid arthritis.18,30,36,48

Technique18,48

♦ After informed consent is obtained, the patient is positioned

supine with knee flexion and foot flat on the exam table.
• This allows optimal access to the dorsal aspect of the
foot.
♦ The metatarsophalangeal joint is palpated for swelling
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Fig. 16. Bony anatomy of the foot, medial view showing metatarsophalangeal joint. Netter medical illustration used with
permission of Elsevier. All rights reserved.

and tenderness. The skin is prepared in a standard aseptic
fashion.
♦ A one-inch, 25−gauge needle is inserted at the point of
maximal tenderness perpendicular to the skin and is
advanced into the joint cavity.
♦ Under fluoroscopic guidance inject 0.1 mL contrast dye to
outline the joint and confirm no intra-vascular intake.
♦ After negative aspiration, a total of 1−2 mL of steroid and
a local anesthetic is injected.
Adverse Effects

18,48

♦ Although rare, infection or bleeding may occur.

♦
♦
♦
♦

operator should have the complete knowledge of utilizing
fluoroscopic images.
Aspiration is performed before injecting and repeated as
necessary throughout the administration of medication to
prevent intravascular or extra-articular injection.18,47
The practitioner needs the necessary skills, training, and
education to perform the procedure.29,30
Knowledge of the anatomy pertaining to each injection
procedure is required for safe and successful outcome in
even the simplest injection.1,29
Triamcinolone is the preferred steroid for intraarticular
joint injection, as it remains longer inside the joint with
less systemic effects.18,21,23,24

Conclusion
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The injection procedures for the lower extremities should
be used under complete aseptic technique.32,33,46
♦ The operator should have the complete knowledge of
applicable anatomic relationships.18,28
♦ The use of fluoroscopic aid is necessary for precise needle
localization, confirm no intravascular or extra-articular
injection, and lessen the incidence of complications. The
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Key Points
1.

Intraarticular injection of steroids to control the pain caused by joint disease has been used since 1951.

2.

Intraarticular steroid injections are widely used to treat osteoarthritis of the joints and may be particularly
beneficial in patients who present with a fusion or other signs of active local joint inflammation.

3.

The goal of treating joint osteoarthritis includes pain control, improvement of functionality and quality of life,
and avoidance of possible side effects of therapy.

4.

Contraindications include infection, anatomic inaccessibility, articular instability, intraarticular fracture,
avascular necrosis, osteoporosis and osteonecrosis, Charcot joint, and surgical implants.

5.

Complications of intraarticular steroid injections include steroid arthropathy, infection, postinjection flare,
ligamentous calcification and rupture, skin depigmentation at the injection site and atrophy, systemic steroid
effects, facial flushing and steroid hypersensitivity, and articular cartilage damage.

6.

Commonly used steroids for intraarticular joint injections include triamcinolone acetonide,
methylprednisolone acetate, betamethasone sodium phosphate and acetate, and dexamethasone.

7.

Intraarticular hyaluronan injections are used as visco-supplementation to restore normal homeostasis.
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Piriformis Syndrome and
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Multiple conditions mimic spine pain, which is known as
pseudo spine pain. Pseudo spine pain describes back and/or leg
pain as the presenting symptom of an underlying condition.
Among the various conditions presenting as pseudo spine pain
piriformis syndrome is a common condition presenting with
buttock and leg pain, also known as pseudo sciatica, resulting
from compression or inflammation of sciatic nerve as it courses
under or through piriformis muscle in the buttock.
The name of the piriformis is derived from the Latin
pirum for “pear” and forma for “shape.” The term was coined
by Adrian Spigelius, a Belgian anatomist in the early 17th century.1 The injection of piriformis muscle was recommended by
Cailiet,2 Pace,3 and Steiner et al.4
The term “piriformis syndrome” was put forth by Robinson5 in 1947. The diagnosis of piriformis syndrome and its
management has continued to remain controversial since its
original description in 1928. It is mainly a diagnosis of exclusion and there is no consensus about the clinical findings, the
laboratory studies, and the treatment. It is a condition in which
the piriformis muscle becomes tight and spasms and sometimes irritates the proximal sciatic nerve. Pain and paresthesias
may be reported in the low back, groin, perineum, buttock, hip,
posterior thigh, leg, and foot. The patient may experience pain
in the rectum during defecation and sexual dysfunction in both
men and women may occur.
Interventional therapy of piriformis syndrome evolved
with descriptions of Cailiet,2 Pace,3 and Steiner et al.4 Pace3
described percutaneous spinal needle injection technique. Since
then, multiple reports have been published.6-8 Multiple techniques have been described with local anesthetics, steroids, and
neurolytics with pulsed radiofrequency and cryoneurolysis.
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Indications
♦ Indications for interventional therapy is based on the

♦
♦
♦

♦

pathophysiology and failure of conservative management
with continued disabling pain.
• Noninvasive treatments include drug therapy with nonsteroidal anti-inflammatory drugs and physical therapy,
including a piriformis stretch exercise program.
Pain from the piriformis muscle can be referred muscular
pain or pain from entrapment of nerves and vessels.
Referred pain radiates from the sacroiliac joint to the posterior proximal 2-thirds of the thigh, buttocks, and hip.
Entrapment pain associated with piriformis muscle spasm
involves:
• The sciatic nerve, including the inferior and superior
gluteal nerves and vessels
• The pudendal nerve and vessels
• The posterofemoral cutaneous nerve
• The nerves to the obturator internus and quadratus
femoris muscles.
Contraindications or the general contraindications for
interventional therapy include:
• Needle phobia
• Infection
• Coagulation disorders
• Anticoagulant therapy
• Inability to understand and provide informed consent
• Inability to cooperate with evaluation
• Nonaspirin antiplatelet therapy.
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Piriformis Syndrome

Signs and Symptoms

Pathophysiology

♦ The frequency of buttock and leg pain caused by pirifor-

♦ Papadopoulos and Khan9 have proposed that patients

♦

♦

♦

♦

with piriformis syndrome should be classified into 2 broad
categories.
• Primary piriformis syndrome: This describes all pathology intrinsic to the piriformis muscle, such as myofascial
pain, pyomyositis, myositis ossificans, and hypertrophy
of the piriformis muscle secondary to an inciting event
such as trauma.
• Secondary piriformis syndrome: This term is reserved
for all other cases in which symptoms of posterior
buttock pain with or without radiation down the leg
depends on the location of the pathology in relation
to the structures adjacent to the sciatic notch, provided that spinal pathology is excluded. These could be
aneurysms, arterial malformations, benign or malignant
tumors, endometriosis, and inflamed structures.
A history of trauma is usually elicited in approximately
50% of the cases of piriformis syndrome.10
• Trauma to the buttock may lead to inflammation and
spasm of the piriformis muscle, which leads to release
of inflammatory mediators such as histamine, bradykinin, and serotonin, causing irritation of the sciatic nerve
leading to the symptoms.
• It could also be due to muscle overload or biomechanical inefficiencies.
Muscle overload could occur due to excessive running,
change of direction, and weight-bearing activities.
• Exercising on hard surfaces, uneven ground, with ill-fitting shoes; beginning an exercise program after a long
lay-off period; increasing exercise intensity or duration
too quickly; and sitting for long periods of time could
constitute some other causes.
Biomechanical inefficiencies could occur from faulty foot
and body mechanics, gait disturbances, and poor posture
or sitting habits.
• Poor running or walking mechanics, tight stiff muscles
in the lower back, hips, and buttocks, or running or
walking with toes pointed out could also lead to piriformis syndrome.
Other conditions causing this syndrome have also been
described in the literature. Brown et al11 described a case
of sciatic neuropathy due to piriformis syndrome after an
operation in the sitting position.
• Uchio et al12 described piriformis syndrome after total
hip arthroplasty. It has also been described after laminectomy secondary to postoperative adhesions.

mis syndrome varies from 5 – 6% of patients referred for
treatment of pain.
• Some reports suggest 6:1 female to male predominance.10
• Bernard et al cited an incidence of 0.33% in a review of
1,293 patients that were referred for treatment.13
• Pain can be experienced past the posterior knee into the
calves as a result of referred pain due to the involvement
of posterior femoral cutaneous nerve.9
• Low back pain is seen in approximately 50% of the
patients.
• Gluteal pain with or without radiation to the ipsilateral
thigh that may sometimes extend below the knee may
occur.
• Dyspareunia and pain with bowel movements is seen in
23% of patients.
♦ Pain is usually exacerbated by flexion, internal rotation,
and adduction of the hip joint.
• Sitting intolerance.
• Patients may sometimes complain of an inability to
drive or ride a bike for long distances. Pain may be
worse when sitting on hard surfaces.
• Pain may also be exacerbated by stooping or lifting, and
moderately relieved by traction.
• Pain on resisted external rotation and abduction of hip.
• Pain on internal rotation of hip.
Physical Examination

♦ The gluteal area should be inspected for any obvious signs
of atrophy or evidence of trauma.

♦ Tenderness in the region of the greater sciatic foramen to
the greater trochanter is a frequent finding.
• A spindle-shaped mass or swelling can sometimes be
palpated.
• On rectal or pelvic exams, tenderness in the piriformis
area may be present.
♦ Pain is often elicited with specific signs with voluntary hip
flexion, internal rotation, and adduction of the hip joint.
• Straight leg raising test (referred to as Lasegue sign) is
an inconsistent finding.9
• Pace sign10: With patient in the sitting position, pain is
elicited on resisted abduction of the hip.
• Frieberg test: With patient in the standing or prone
position, buttock pain is elicited with forceful internal
rotation of the thigh.14
• Neurologic signs are usually negative unless there is
involvement of the sciatic nerve.
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A. Location of trigger points.
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B. Pain patterns.

Fig. 1. Trigger points and attachments of the piriformis muscle with pain zones.

Clinical Applications
Diagnosis

♦ The diagnosis of piriformis syndrome is made by medical

history and physical examination.
• Fig. 1 shows trigger points and attachments of the piriformis muscle.
• Investigative efforts should, however, be directed
towards ruling out all possible secondary causes of the
piriformis syndrome which include all spinal and extraspinal causes.
• CT and MRI findings of abnormal uptake by the muscle and enlarged piriformis muscle have been reported
in literature.15
• Nerve conduction studies may demonstrate delayed F
waves and H reflexes.16

Clinical Effectiveness

♦ Hanania and Ketain6 reported 6 patients in their series,
with relief lasting about 18 months in perisciatic injection
technique.
♦ Popelianskii and Bobrovinkoza7 described the results in 84
patients with piriformis syndrome treated by injection of
10 mL of 0.5% procaine injection.
• They reported immediate significant relief in 55% of
the patients, with improvement in the lower extremity oscillogram, and chilly feeling in the lower extremity. Achilles reflexes and the extent and intensity of
hypoalgesia.
♦ Porta8 showed marked reduction in pain scores in both
groups in a randomized study comparing botulinum toxin
type A and methylprednisolone in patients with myofascial piriformis pain.
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A. Anterior view.

B. Posterior view.

Fig. 2. Illustrative anatomy of piriformis muscle.

Anatomy
♦ The piriformis muscle is triangular in shape with its wid-

er end originating from the anterior surface of the S2S4 vertebrae, sacrotuberous ligament, and greater sciatic
foramen.
• The muscle runs obliquely, laterally, and inferiorly and
becomes tendinous with its narrower end inserting into
the piriformis fossa at the medial aspect of the greater
trochanter of the femur (Fig. 2).
♦ Branches from L5, S1, and S2 spinal nerves innervate this
muscle.

♦ The piriformis muscle functions as an external rotator

when the hip is in the extended position and as an abductor when the hip is in the flexed position, whereas it is a
weak hip flexor during walking.
♦ The anatomical variations between the sciatic nerve and
the piriformis muscle are common and important.
• The nerve can either pass below the muscle (98.5%),17
through and below the muscle (84%)18, through and
above the muscle, above and below the muscle, through
the muscle (10%)19, or above the muscle.
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Technique
Multiple techniques have been described. Initially the
procedure was done without fluoroscopy with palpation of
the landmarks. However, now the fluoroscopy with or without
injection of contrast is utilized.
♦ Fishman et al20 described a technique of piriformis injection using fluoroscopy and myelography. Correct placement into the muscle was confirmed using EMG and
injection of radio contrast dye under fluoroscopy.
• With patients in the prone position the piriformis muscle was identified using the greater trochanter, SI joint,
and the lateral border of the sacrum as landmarks.
♦ Hanania and Ketain6 described the technique of perisciatic injection in which the patient usually lies in the lateral
or semiprone position.
• The dependent extremity is straight and the nondependent extremity is flexed at the knees.
• The sciatic nerve is then located using a nerve stimulator
and mixture, and local anesthetic with steroid is injected
after withdrawing the needle a few centimeters.
♦ Benzon et al17 described a technique in which the steroid
is injected into the piriformis muscle and the area near
the sciatic nerve using fluoroscopic guidance and a nerve
stimulator.
• In this description authors used steroids to reduce the inflammation. However, they used only very dilute local anesthetic
or no local anesthetic to minimize the motor blockade.
♦ Our current technique involves injection of the piriformis muscle under fluoroscopic guidance. The patient is
placed prone on the procedure table and sterile technique
is used.
• Fluoroscopic view is obtained so that the lateral border
of the sacrum as well as the greater trochanter of the
femur can be visualized in the same view.
• A pencil-point 22G, 3.5-inch needle is usually sufficient,
but in a larger patient a longer needle may be needed.
• The point of entry is marked over the superior-medial aspect of the hip joint. Although this site is probably slightly lateral than the one described by various
authors, it provides a margin of safety against accidental
entry into the pelvic area.
• The needle is advanced perpendicular to the skin and
in most cases a distinct “pop” is felt as the pencil-point
needle pierces the posterior muscle fascia.
• As the needle is slightly lateral to the location of the
sciatic nerve, paresthesiae is usually uncommon.
• In the lateral fluoroscopic views, the needle tip may be
found located approximately halfway between the posterior
border of the sacrum and the greater trochanter (Fig. 3).
• Injection of radio-opaque contrast would then confirm
the placement of the needle, and distinct striated spread
of the contrast is noted in an oblique direction (Fig. 4).

Fig. 3. In the lateral fluoroscopic views, the needle tip
may be found located approximately halfway between
the posterior border of the sacrum and the greater trochanter.

Fig. 4. Illustration of radio-opaque contrast illustrating
distinct pattern.
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• Usually a total volume of 5 mL made up of 20 mg of cor-

ticosteroid diluted with 0.5% of lidocaine is injected.

♦ Botulinum toxin may be used for longer lasting relief if the

patients respond to local anesthetic and steroid injection.
Either type A or B has been used.21
• Porta8 showed marked reduction in pain scores in both
groups in a randomized study comparing botulinum
toxin type A with methylprednisolone in patients with
myofascial piriformis pain. The patients, who had botulinum injections, had significantly lower pain scores at
60 days after injection.
♦ Piriformis syndrome may also be treated with radiofrequency thermoneurolysis generally with a pulsed mode.22
• The patient is positioned prone and the site is identified
by fluoroscopy. Local anesthetic is injected subcutaneously to provide analgesia for the needle insertion.
• 10 cm 22G cannula with a 5 mm active tip is advanced
to periosteum.
• Radiofrequency probe is introduced through the cannula (Fig. 5).
• Stimulation with 50 Hz up to one volt to localize the
muscle is provided. Subsequently it is decreased to 0.5
volts. There should not be any motor stimulation with 2
Hz at 2 volts.
• Following the evaluation of stimulation patterns 1 mL
of local anesthetic is injected for analgesia. Radiofrequency may be carried out at 85 degrees for 60 seconds,
repeated twice, or at 42 degrees for 120 seconds with a
pulsed mode.

Fig. 5. Radiofrequency of distal piriformis.

Precautions
♦ Patients on warfarin therapy should have prothrombin

time (PT) checked and documented to be at acceptable
levels prior to piriformis muscle injections.
♦ In stopping anticoagulant therapy, one should take into
consideration the risk/benefit ratio of the procedure and
also consult with the physician in charge of anticoagulant
therapy prior to a decision to proceed.
• It is prudent to advise the patient to contact the physician in charge of anticoagulant therapy and let him/her
make the decision as to the date to stop and for how
long.
♦ Aspirin and NSAIDS alone are considered safe.23,24
• However, combination of these drugs or other antiplatelet therapy with clopidogrel (Plavix) or ticlopidine
(Ticlid) may be considered to increase the risk of spinal
hematoma.
• The risk and potential discontinuation may be considered by the physician in charge of antiplatelet therapy.

Side Effects and Complications
♦ Potential complications include infection, hematoma for-

mation, neural damage, trauma to the sciatic nerve, and
other complications related to drug administration.
♦ Reported complications of radiofrequency thermoneurolysis include a worsening of the usual pain, burning or
dysesthesias, decreased sensation and allodynia in the skin
overlying the joint, transient leg pain, persistent leg weakness, and inadvertent lesioning of the spinal nerve, ventral
ramus, or sciatic nerve resulting in motor deficits, sensory
loss, and possible deafferentation pain.
♦ Radiation exposure could be an issue for the physician,
patient, and facility personnel.25
♦ Other complications include light headedness, flushing,
sweating, nausea, hypotension, syncope, pain at the injection site, and headaches.
• Side effects related to the administration of steroids are
generally attributed to the chemistry or to the pharmacology of the steroids.26
• These include suppression of pituitary-adrenal axis,
hypocorticism, Cushing’s syndrome, osteoporosis,
avascular necrosis of the bone, steroid myopathy, epidural lipomatosis, weight gain, fluid retention, and
hyperglycemia.
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Key Points
1. Piriformis syndrome presents with buttock and leg pain (pseudo sciatica) resulting from compression or inflammation of the sciatic nerve as it courses under or through the piriformis muscle in the buttock.
2. Sciatic nerve compression at the sciatic notch by the piriformis muscle may occur with minor trauma to piriformis
resulting in muscle contraction or inflammation or it may be of spontaneous origin.
3. Signs and symptoms of piriformis syndrome include pain and paresthesias of low back, groin, perineum, buttock, hip,
posterior thigh, leg, and foot, along with rectal pain during defecation and sexual dysfunction.
4. Diagnosis is made by distinguishing piriformis syndrome from lumbar radiculopathy and sacroiliitis.
5. Conservative treatment includes nonsteroidal anti-inflammatory agents, therapy, and stretching exercises.
6. Interventional therapy includes local anesthetic or steroid injection, cryoneurolysis, or pulsed radiofrequency.
7. Fluoroscopic guided injection therapy is recommended rather than blind injections.
8. The present literature review shows that the effectiveness of any treatment is not proven.
9. Appropriate precaution must be exercised in performing piriformis injection due to its proximity to vessels and nerves.
10. Side effects and complications, though rare, may include bleeding, hematoma, infection, abscess, intravascular injection, and nerve damage.
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Electrical nerve stimulation to treat painful conditions was
first observed by the Egyptians, Greeks and Romans. They
witnessed the benefits of using torpedo and catfish to treat
gout, headaches, neuralgias and other painful disorders.1,2 As
early as 1859, Althaus recognized that applied electricity could
produce analgesia providing paresthesia matches the areas of
pain.3
Over one hundred years later, Patrick Wall and Ron Melzack published their “Gate Control Theory” in Science. 4 They
suggested that stimulation of large A-beta fibers may modulate and close the “gate” to the incoming nociceptive input
transmitted through small diameter A-delta and C-fibers.
Later that year, Patrick Wall recruited William Sweet, Head
of Neurosurgery at Harvard to clinically test this theory. They
used needle-stimulating electrodes on infra-orbital nerves and
also surface electrodes on ulnar nerves. Encouraged by the
results, they used transcutaneous or percutaneous stimulation
in three patients who experienced partial or total relief during
stimulation.5
The first peripheral nerve stimulator was implanted around
the median nerve in 1968.6 In 1976, Cordis was the first company to manufacture a completely implantable and programmable neurostimulator.7

♦ Contraindications include:

• Use of PNS is not an absolute contraindication in patients

with permanent cardiac pacemaker or defibrillation devices
but, inappropriate inhibition or activation of these devices
may lead to potentially serious adverse events.
• To evaluate the possibility of interference, a careful testing in a specialized unit for cardiac devices is
mandatory.8
• One contraindication in individuals with implanted SCS
or PNS systems, similar to implanted cardiac devices, is
magnetic resonance imaging (MRI) techniques.
• Although there have been case reports of successful
use of MRI in individuals with SCS systems9, the
risk is still considered very high and other non-magnetic based imaging techniques should be utilized if
possible .
• When contemplating PNS therapy in patients who
might need future frequent MRIs, one has to weigh
the risk of depriving a patient from having a diagnostic imaging against the benefits of PNS.
• Obviously, implantation of PNS in presence of infection or coagulopathy will not be prudent.

Clinical Applications

Indications
♦ The indications for peripheral nerve stimulation (PNS)

have extended beyond the mono-neuropathies and CRPS
of lower and upper extremities to include:
• Trigeminal neuralgia
• Interstitial Cystitis
• Ilioinguinal/iliohypogastric neuralgia
• Genitofemoral neuralgia
• Occipital neuralgia
419

♦ In the largest study of PNS in treating chronic pain, 61% of

patients reported significant pain relief and lifestyle improvement during a long term follow-up (mean of 35 months).10
This retrospective study also suggested higher success in
upper extremity cases compared to lower extremity cases.
♦ In a study utilizing PNS in the treatment of CRPS, long term
fair to good relief was observed in 63% of 30 patients. Major
improvements were observed in allodynic and spontaneous
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pain as well as vascular tone and patient activity levels.11
• Involvement of more than one major peripheral nerve is
correlated with poor outcomes.
♦ In a retrospective analysis of data during a 3 to 16 year follow-up of 46 patients, 78% of the patients had at least 50%
pain relief and abstinence from analgesics.12
♦ In another retrospective study with mean follow-up of 22
months in 10 patients with intractable occipital neuralgia,
70% of patients had significant pain relief.13
• They reported a complication rate of 15% with infection being 5% only.

Mechanism(s) of Action
♦ The essence of peripheral nerve stimulation (PNS) is

based on the concept that proximal stimulation of a nerve
can produce distal analgesia.
• The precise mechanism(s) by which PNS produces
analgesia is unknown.
• Transcutaneous electrical stimulation of a peripheral
nerve results in the loss of sensory perception in that
nerve’s distribution suggesting a peripheral axonal
blockade at A-δ fibers.14,15
• PNS also has an inhibitory effect on pain pathways at the
spinal cord. 16
• Transcutaneous electrical nerve stimulation activates
local and inhibitory circuits in the horn of the spinal
cord by using vibration and stimulation of A-beta
fibers, modifying incoming noxious inputs.
♦ The primary effect of electrical stimulation is a change of
trans-membrane voltage, causing depolarization or hyperpolarization of neurons.
♦ High-frequency stimulation could affect small diameter
afferent conduction by causing depolarization blockade of
the affected nerve fibers, partially interrupting conduction
by sustaining the neuronal refractory period.17
• Alternately, preferential stimulation of larger diameter
afferent fibers that synapse in the dorsal horn may provide a modulatory effect on nociceptive transmission in
both the dorsal horn and supraspinal regions.
• This general “gating” of sensory information in the
dorsal horn continues to be the primary explanation
for analgesic effects of peripheral nerve and spinal cord
stimulation,4,18 but lacks sufficient cellular evidence.
• Even though spinal cord stimulation may evoke analgesic effects through a variety of direct electrical and
neurochemical mechanisms,19 the central location of
the stimulator does not really provide a model of neuromodulation toward understanding mechanisms underlying peripheral nerve stimulation induced analgesia.
• Likewise, transcutaneous electrical nerve stimulation
(TENS) produces a variety of physiological effects that

may be related to the anti-nociceptive effects observed,20
but one cannot extrapolate findings of this modality to
peripheral nerve stimulation.
♦ The order in which the axonal fibers are recruited during
PNS is based on their diameter and the distance between
cathode and the nerve fiber. Therefore the largest myelinated fibers (closest to cathode) will be recruited first.
• By increasing the stimulation amplitude, one can recruit
the smaller fibers close to the cathode in addition to the
distant large fibers.
• Maintaining the cathode-anode axis parallel to the
nerve fibers can reduce the threshold current thus reducing the current consumption and ultimately prolonging
battery life or recharging requirements.17

Physiologic Considerations
♦ All nerve fibers are bundled in fasciculi which are surround-

ed by a thin layer of perineurium. A nerve trunk includes
multiple fasciculi and is covered by a thick layer of epineurium which makes up 30 to 75% of a nerve trunk (Fig. 1).
• Fasciculi are not organized in a parallel fashion and they
branch extensively and form plexi (Table 1).21,22

Perineuriun

Epineurium

Ner ve
tr unk

Fasciculus

Fig. 1. Cross-section of nerve trunk.
Table 1. Nerve fibers bundled as a single fasciculus in
certain anatomical locations.
Nerves bundled as single
fasciculus

Anatomical location

Ulnar nerve

Behind medial humeral epicondyle

Axillary nerve

Posterior aspect of the shoulder

Radial nerve

Common peroneal nerve

Spiral groove of the humerus
Lower thigh

Ch. 32

Peripheral Nerve Stimulation

• Vasa nervorum which supply nutrients to peripheral

nerves are not end-arteries, in contrast to spinal cord,
and are located along the length of the nerves.
• During the surgical dissection, special care must be
taken to preserve this arterial blood supply.
♦ Unlike in spinal cord stimulation where the nerve tracts
are in a specific order and therefore allow mapping of the
fiber orientation, in PNS mapping is not achievable due to
multiple changes of sensory and motor fiber orientation
along the course of a nerve.
♦ Earlier studies have reported better results with PNS of
upper extremities as compared to lower extremities.14,23-25
• A proposed explanation is that surface stimulation of
sciatic nerve may not affect the deeper nerve fibers.26

Benyamin et al
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Technique
♦ The success of PNS depends on accurate diagnosis of neu-

ropathic pain in distribution of a peripheral nerve which
could be established by either electrophysiological studies
and/or precision diagnostic local anesthetic nerve blocks.
• Once the indication has been determined, a temporary
trial period of 3-7 days is necessary to elicit a minimum
of 50% pain relief and functional improvement.
• Earlier cases of PNS primarily utilized a surgical
approach.
• Exposure of peripheral nerves is performed at specific anatomical locations as summarized in Table 1 and Fig. 2.

Fig. 2. Implantation of peripheral nerve stimulator locations. Courtesy of Medtronic, Inc.
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• Racz and colleagues reported better outcomes and lesser

risk of neurofibrosis by using the flat paddle leads separated from the nerve by a thin layer of fascia or tendon.27,28
• Recent indications such as occipital and supra orbital
neuralgia involve the use of percutaneous technique for
placement of the leads adjacent to the nerves.
• The trial is performed under sterile technique with
monitored anesthesia care or general anesthesia.
• If local anesthetics are used, they should be limited to the
superficial incision only, in order to avoid anesthetizing the
nerve and rendering the early testing and trial useless.
• Upon exposure of the nerve, the lead is placed adjacent
to the nerve separated with a thin layer of fascia.
• Small nylon sutures are used through the mesh, fascia
and epineurium to secure the lead to nerve.
• The lead is attached to an extension and the extension
is then tunneled out to the skin surface some 4 to 6
inches away from the initial incision. The extension is
then connected to a temporary pulse generator operating on alkaline batteries.
• Post-operatively initial testing and trial of stimulation is
conducted and the patient is instructed on the use of the
generator.
• Programming modification may be necessary during this period to ensure successful evaluation of the
treatment.
♦ Following a successful trial, the implantation is performed
by removing the existing extension and attaching a new
extension to the lead.
• It is then tunneled under the skin and connected to the
Implantable Pulse Generator (IPG).

• The location of IPG implantation depends on loca-

tion of lead, size of IPG, patient comfort, accessibility, aesthetics and surgeon preference (Fig. 2).

Occipital Nerve Stimulation (ONS)

♦ Approximately 5% of primary headache patients suffer
♦
♦

♦

♦

from chronic daily headaches, with 1% of those patients
not responding to traditional treatment.
The first report on the use of PNS for the treatment of
occipital neuralgia was in 1977.29
Occipital neuralgia is a chronic disorder characterized by
unilateral, occasionally bilateral pain originating in the
suboccipital area and radiating within the distribution of
the greater and/or lesser occipital nerve.30
Although the etiology of occipital neuralgia is unclear,
causes may include: direct injury or irritation of the occipital nerves, formation of a neuroma, or nerve compression
in the nucal area or the upper cervical spine.
In a recent review, Weiner concluded that PNS is a relatively effective modality to treat patients with pain refractory compared to other less invasive options.31
Anatomy

♦ The greater occipital nerve originates from the posterior
rami of C2 with inconsistent contribution from C3.

♦ The lesser occipital nerve originates from the anterior

rami of C2 and C3. The occipital nerve is positioned in
the subcutaneous tissues, with the greater occipital nerve
medial and the lesser occipital nerve lateral to the occipital
artery (Fig. 3).

Occipital Artery
Lesser Occipital
Nerve
Greater Occipital
Nerve
Vertebral Artery

Fig. 3. Anatomical location of occipital nerves.
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♦ Interneuronal connections within the upper spinal cord
may explain referral pain in the distribution of the trigeminal nerve.32
♦ Once the occipital nerves leave the spinal column the course
of the nerves and their distribution may vary significantly.
Technical Aspects

♦ A trial period, preceding permanent implantation, allows
for a therapeutic assessment of the treatment efficacy.

♦ It is controversial whether diagnostic occipital nerve blocks

predict successful outcome of the occipital nerve stimulation trial.
Description of the ONS Procedure

curve is turned to follow the neck’s contour.

♦ Next, identify the level of C1 lamina and keep the lead above
this area. For the stimulation trial, no incision is required.

♦ Once the needle is positioned, the peripheral nerve stimulator lead is advanced through it.

♦ Upon confirmation of needle and electrode position with
♦
♦

♦ The occipital area is shaved and any residual loose hair is

♦

♦ The skin is prepared and draped in an aseptic fashion.
♦ After the needle entry point is determined, a small amount

♦

removed.

of propofol is given intravenously to achieve deep but brief
sedation.
♦ Local anesthetics are generally avoided in order to preserve
and test the response of the occipital nerve to stimulation.
♦ Under fluoroscopy, a gently bent 14-gauge epidural needle with the concave curve facing down is inserted and
advanced subcutaneously in a transverse direction.
♦ The progression of the needle may be either from a point
slightly medial to the mastoid process towards the midline
or from the midline towards the mastoid process.

423

♦ Once the appropriate depth has been achieved, the needle’s

♦ The patient is placed in prone position with slight elevation of the chest to allow mild neck flexion.

Benyamin et al

♦

♦

fluoroscopy, the needle is carefully withdrawn while leaving the lead in place.
Then, with the patient fully awake, testing and programming of the stimulation is performed, searching to overlap
patient’s reported paresthesias with the areas of pain.
After the programming, the lead is secured to the skin
(sometimes with a few stitches) and covered with a clear
dressing and attached to an external programmable
generator.
The duration of the trial may extend for approximately
one week.
The permanent implant is scheduled if the patient reports
over 50% pain relief and improvement in quality of life.
The placement of the lead for a permanent implant is similar to the trial with an exception of a 2 cm incision around
the entry point of the needle until the subcutaneous tissue
is exposed.
Once successful stimulation is achieved, the lead(s) is
looped and anchored to the fascia at the level of the incision and then tunneled subcutaneously to the pocket area
in the posterior axillary line or the buttock area, where it is
attached to the IPG.
• Fig. 4 illustrates finial lead position.

Fig. 4. Occipital nerve stimulator in anterior/posterior and lateral view.
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ONS Complications

♦ Potential complications of ONS include cutaneous or sub-

cutaneous infections, hematoma formation, and lead malfunction or migration.
♦ The incidence of lead migration, is reported in 15% of the
cases,33 which may be related to the wide range of neck
movement, and the distance from the anchoring area to
the generator pocket.
♦ The use of paddle style leads may theoretically help
reduce the incidence of migration as a result of better lead
anchoring.

♦ Then, under fluoroscopic assistance the lead is advanced
through the needle and left in position while the needle is
removed.
♦ Implantation of PNS in the face requires special attention
to aesthetics. Therefore the tunneling should be directed
posteriorly to the hairline.
Interstitial Cystitis (IC)

♦ IC was first reported in 1836 in a Paris medical gazette.39
♦ IC is a syndrome of bladder hypersensitivity causing neuropathic pain symptoms at times resembling CRPS.

Trigeminal Nerve Stimulation (TNS)

♦ Urinary frequency and urgency coupled with bladder dis-

♦ Meyerson and Hakanson34,35 first described the surgical

♦ More than 90% of IC patients are female and an estimated

♦
♦

♦

♦

♦
♦

implantation of a bipolar electrode to the dura over the
Gasserian Ganglion to treat trigeminal neuropathy.
Spaziante et al36 were the first to describe the percutaneous
stimulation of the trigeminal nerve.
Since then this technique has been used to treat chronic
facial pain associated with different forms of injury to the
peripheral branches of the nerve or the trigeminal nerve
root.
Young37 reported a series of 23 patients complaining of
trigeminal neuralgia, treated with a monopolar platinumiridium electrode. Fifty-two percent of his patients reported at least 50% pain relief.
One of the main concerns when using the percutaneous
technique is the likelihood of lead dislodgement.
• However, if a large enough section of the lead is inserted in the Meckel’s cave, the dislodgement will be most
likely prevented.
Once the lead is positioned close to the ganglion, low current levels will be required.
A retrospective report of using PNS for treatment of trigeminal post traumatic neuropathic pain and postherpetic
neuralgia resulted in at least 50% relief of pain in 70% of
the patients.38

Stimulation of the Peripheral Branches of the Trigeminal
Nerve

♦ Similar to other leads that are placed in a subcutaneous tis-

sue in close proximity to a peripheral nerve, PNS may also
be used for the treatment of supra-orbital/supra-trochlear
neuralgia, infraorbital neuralgia, post-herpetic neuralgia,
and trigeminal neuropathic pain after facial trauma.
♦ Correct lead placement for the supra-orbital and the supratrochlear nerves, is achieved when the epidural needle is
slightly bent and introduced subcutaneously from a point
anterior to the auricle at the level of the superior orbital
margin.
♦ Continue to advance at the same depth until it is positioned immediately above the eye brow.

tention produces severe and disabling pelvic pain.
6% of US women are affected by it.40

♦ Almost 44% of IC patients have a history of previous hys♦
♦
♦
♦

♦
♦

♦
♦
♦

♦
♦

terectomy or pelvic surgery and, there is a strong association with other painful conditions like irritable bowel syndrome, fibromyalgia and migraine headaches.
Cystoscopic findings of “Hunner’s patches” and strawberry-like hemorrhages called glumerulations are characteristic of IC.
Some have suggested that IC and chronic abacterial prostatitis are different manifestations of the same disease due
to similar cystoscopic findings and clinical symptoms.41
Persistent visceral pain from IC which may be generated
by neurogenic inflammation, can lead to peripheral and
central sensitization.
Pain of IC is mostly carried by pelvic nerves, hypogastric
nerves and sacral dorsal root ganglia. Primary afferent
visceral pain fibers terminate in the dorsal spinal column
(mostly in Rexed lamina IV or nucleus proprius).
Due to viscero-somatic convergence of pain fibers, visceral pain of IC most often causes referred pain to somatic
structures such as the perineum.
Although visceral pain is considered to be nociceptive in
origin, neuromodulation by the means of electrical stimulation has been successfully used in the treatment plan
due to pain modification and amplification in dorsal columns42-44 and modulation of “brain-gut” axis.45
Peripheral nerve (Sacral) stimulation has also been used
successfully to treat interstitial cystitis, pelvic pain, vulvodynia and rectal pain.
Pelvic pain in IC is mostly due to pelvic floor muscle
dysfunction.
The pelvic muscles are innervated by S2-S4 nerves and
the up-regulation of sacral reflex arcs is commonly seen
in chronic pelvic floor dysfunction and lower urinary tract
dysfunction.46
Sacral nerve (S3) stimulation has been used for incontinence treatment for more than a quarter century.
More recently, it has been deemed a useful and cost-effec-
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tive treatment in refractory overactive bladder.47

♦ Sacral nerve stimulation can also be used to treat pelvic

floor muscle dysfunction by reducing pelvic pain and normalizing bowel function in IC patients.48
♦ Interstim is a specifically approved device for treating urge
incontinence and providing significant pelvic pain relief.49
• The leads in this system are placed transforaminally at
a 60 degree angle to the S3 nerves (Fig. 5).
• Complications such as pain at the site of leads or IPG
and lead migration may result in a high (37%) rate of
revision surgery.50
• The low frequency stimulation provided by Interstim®
will generally affect the pain arising from pelvic floor
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muscles but not the neuropathic pain which requires
higher frequencies.51
• Low frequency sacral stimulation has been reported to
significantly reduce pelvic pain and opioid intake as
well as improve quality of life.52-55
♦ Urodynamic testing is generally used to determine the
pelvic pain generators. It can also be used to assess the
response to neuromodulation.
• It also assists in the programming of neurostimulators which consequently raises the success rate of sacral
nerve stimulation in the treatment of IC.56

Fig. 5. Anterior/posterior view of sacral nerve (S3, nerve stimulator).

426

Interventional Techniques in Chronic Non-Spinal Pain

Key Points
1. Peripheral nerve stimulation is currently used to treat a variety of non-spinal intractably painful conditions.
2. Lead locations will depend upon the anatomical location of the pain and dermatomal innervation pattern of tissues
affected.
3. Despite advances in technology, there is no clear understanding as to how these devices provide analgesia.
4. Nerve blocks can provide valuable information regarding nerves to target with neuromodulation therapy.
5. Peripheral nerve stimulators can and should be trialed prior to implantation to provide the clinician with information
regarding therapeutic efficacy.
6. Relatively strong outcome data are available for occipital neuralgia, trigeminal neuralgia and interstitial cystitis.
7. The most common adverse events associated with peripheral nerve stimulation are lead migration (potentially requiring
revision) and infection.
8. Parallel lead placement allows for more lead-to-nerve contact, but increases risk of losing stimulation coverage. Cross or
perpendicular lead placement translates to less total nerve coverage, but theoretically increased ability to recapture stimulation through reprogramming.
9. Virtually any nerve can be targeted as long as the implanter has needle access to the desired anatomic location.
10. Advancements in technology including miniaturization, improved battery performance and lead design may facilitate
peripheral neuromodulation as a treatment option for localized, hard-to-target and hard-to-treat painful conditions.

Ch. 32

Peripheral Nerve Stimulation

Benyamin et al

427

References
1.
2.

3.

4.
5.
6.

7.
8.

9.

10.

11.

12.

13.

14

15.

16.

Kane K, Taub A. A history of local electrical analgesia. Pain 1975; 1:125-1380.
Kellaway D. The William Osler Medl
Essay. The part played by electric fish
in the early history of bioelectricity and
electrotherapy. Bulletin of the History of
Medicine 1946; 20.
Althaus J. A Treatise of Medical Electricity, Theoretical and Practical and Its Use in
the Treatment of Paralysis, Neuralgia and
Other Disease. Trubner, London, 1856.
Melzack R, Wall PD. Pain mechanisms: A new theory. Science 1965;
150:971-979.
Wall PD, Sweet WH. Temporary abolition of pain in man. Science 1967; 155:
108-109.
Sweet WH, Wepsic JG. Treatment of
chronic pain by stimulation of fibers of
primary afferent neuron. Trans Am Neurol Assoc 1968; 83: 103-107.
Gildenberg PL. History of electrical
neuromodulation for chronic pain. Pain
Medicine 2006; 7: S7-S13.
Kosharskyy B, Rozen D. Feasibility of
spinal cord stimulation in a patient with
a cardiac pacemaker. Pain Physician 2006;
9: 249-52.
Kiriakopoulos ET, Tasker RR, Nicosia S,
Wood ML, Mikulis DJ. Functional magnetic resonance imaging: A potential tool
for the evaluation of spinal cord stimulation: Technical case report. Neurosurgery
1997; 41: 501-504.
Mobbs RJ, Nair S, Blum P. Peripheral
nerve stimulation for the treatment
of chronic pain. J Clin Neurosci 2007;
14:216-221.
Hassenbusch SJ, Stanton-Hicks M,
Schoppa D, Walsh JG, Covington EC.
Long-term results of peripheral nerve
stimulation for reflex sympathetic dystrophy. J Neurosurg 1996; 84:415-423.
Eisenberg E, Waisbrod H, Gerbershagen
HU. Long-term peripheral nerve stimulation for painful nerve injuries. Clin J
Pain 2004; 20:143-146.
Slavin KV, Nersesyan H, Wess C. Peripheral neurostimulation for treatment
of intractable occipital neuralgia. Neurosurgery 2006; 58:112-119.
Campbell JN, Long DM. Peripheral
nerve stimulation in the treatment of
intractable pain. J Neurosurg 1976; 45:
692-699.
Campbell JN, Taub A. Local analgesia
from percutaneous electrical stimulation.
A peripheral mechanism. Arch Neurol
1973; 28:347-350.
Hanai F. Effect of electrical stimulation

17.

18.
19.
20.
21.

22.
23.
24.

25.
26
27

28

29

30

31

32.

of peripheral nerves on neuropathic pain.
Spine 2000; 25:1886-1892.
Holsheimer J. Principles of neurostimulation, electrical stimulation and the relief of pain. In: Simson BA (ed). Elsevier,
Amsterdam, 2003, pp 17-36.
Oakley JC, Prager JP. Spinal cord stimulation: Mechanisms of action. Spine
2002; 27:2574-2583.
Krames E. Spinal Cord Stimulation: Indications, mechanism of action, and efficacy. Curr Rev Pain 1999; 3:419-426.
Rushton DN. Electrical stimulation
in the treatment of pain. Disab Rehabil
2002; 24:407-415.
DiRossa F, Guizzi P, Battingstone B.
Radial nerve anatomy and vesicular arrangement, Textbook of Microsurgery.
In: Brunelli G (ed). Masson, Milano,
1988, p 571.
Sunderland S. Nerves and Nerve Injuries,
2nd Edition. Edinburgh, Churchill Livingstone, 1978.
Kirsch WM. A new method of managing chronic pain. Med Times 1974; 102:
115-118.
Picaza JA, Cannon BW, Hunter SE,
Boyd AS, Guma J, Maurer D. Pain suppression by peripheral nerve stimulation.
Part II. Observations with implanted devices. Surg Neurol 1975; 4:115-126.
Sweet WH. Control of pain by direct
electrical stimulation of peripheral nerves.
Clin Neurosurg 1976; 23:103-111.
Goldner JL, Nashold BS, Hendrix PC.
Peripheral nerve electrical stimulation.
Clin Orthop Relat Res 1982:163:33-41.
Racz GB, Browne T, Lewis R. Peripheral
stimulator implant for treatment of causalgia caused by electrical burns. Tex Med
1988; 84:45-50.
Racz GB, Lewis R, Heavner JE, Scott
J. Peripheral Nerve Stimulator Implant
for Treatment of Causalgia, Reflex Sympathetic Dystrophy. Edited by StantonHicks M, Janig W, Boas RA. Norwell,
MA, Kluwer, 1990, pp 135-141.
Picaza JA, Hunter SE, Cannon BW. Pain
suppression by peripheral nerve stimulation. Chronic effects of implanted devices. Appl Neurophysiol 1977; 40:223-234.
Ziegler DK, Murrow RW. Headache.
In: Joynt R (ed). Clinical Neurology. J B
Lippincott, Philadelphia, PA, 1988; pp
1-35.
Weiner RL. Occipital Neurostimulation (ONS) for treatment of intractable
headache disorders. Pain Med 2006; 7:
S137-139.
Hill D. Peripheral Nerve Blocks: Practical

33.
34.

35.

36.

37.

38.

39.

40

41

42.

43.
44.
45.
46.

47.

Aspects, Clinical Pain Management: Practical Applications and Procedures. Edited
by Breivik H, Campbell W. London, Arnold, 2000, pp 197-232.
Weiner RL. The future of peripheral
nerve neurostimulation. Neurol Res 2000;
22:299-304.
Meyerson BA, Hakansson S. Alleviation
of atypical trigeminal pain by stimulation of the Gasserian ganglion via an
implanted electrode. Acta Neurochir Suppl
(Wien) 1980; 30:303-309.
Meyerson BA, Hakanson S. Suppression of pain in trigeminal neuropathy by
electric stimulation of the gasserian ganglion. Neurosurgery 1986;18: 59-66.
Spaziante R, Ferone A, Cappabianca P.
Simplified method to implant chronic
stimulating electrode in the gasserian
ganglion. Technical note. Appl Neurophysiol 1986; 49:1-3.
Young RF: Electrical stimulation of the
trigeminal nerve root for the treatment
of chronic facial pain. J Neurosurg 1995;
83:72-78.
Johnson MD, Burchiel KJ. Peripheral
stimulation for treatment of trigeminal
postherpetic neuralgia and trigeminal
posttraumatic neuropathic pain: a pilot
study. Neurosurgery 2004; 55:135-141.
Mercier LA. Memoire sur certaines perforations spontanees de la vessie non
decrites jusqu’a ce jour. Gaz Med Paris
1836; 4:257-263.
Curhan GC, Speizer FE, Hunter DJ,
Curhan SG, Stampfer MJ. Epidemiology of interstitial cystitis: A population
based study. J Urol 1999; 161:549-552.
Moldwin RM. Similarities between interstitial cystitis and male chronic pelvic pain syndrome. Curr Urol Rep 2002;
3:313-318.
Palecek J, Willis WD. The dorsal column pathway facilitates visceromotor
responses to colorectal distention after
colon inflammation in rats. Pain 2003;
104:501-507.
Foreman R. Mechanisms of visceral
pain: From nociception to targets. Drug
Dis Today: Dis Mech 2004; 1:457-463.
Palecek J. The role of dorsal columns
pathway in visceral pain. Physiol Res
2004; 53:S125-130.
Merz H. Visceral hypersensitivity. Aliment Pharmacol Ther 2003; 17: 623-633.
Brookoff D, Bennett DS. Neuromodulation in intractable interstitial cystitis and
related pelvic pain syndromes. Pain Med
2006; 7:S166-184.
Abrams P, Blaivas JG, Fowler CJ, Four-

428

Interventional Techniques in Chronic Non-Spinal Pain

croy JL, Macdiarmid SA, Siegel SW, Van
Kerrebroeck P. The role of neuromodulation in the management of urinary
urge incontinence. BJU Int 2003; 91:
355-359.
48. Pettit PD, Thompson JR, Chen AH.
Sacral neuromodulation: New applications in the treatment of female pelvic
floor dysfunction. Cur Opin Obstet Gynecol 2002; 14:521-525.
49. MaLossi J, Chai TC. Sacral neuromodulation for the treatment of bladder dysfunction. Curr Urol Rep 2002; 3:61-66.
50. Schmidt RA, Jonas U, Oleson KA,
Janknegt RA, Hassouna MM, Siegel
SW, van Kerrebroeck PE. Sacral nerve
stimulation for treatment of refractory
urinary urge incontinence. Sacral Nerve

51.

52.

53.

54.

Stimulation Study Group. J Urol 1999;
162:352-357.
Kerrebrooeck V, Philip EV. Electrical
stimulation in the management of interstitial cystitis. In: Sant GR (ed), Interstitial Cystitis, Lippincott-Raven, 1997, pp
219-221.
Comiter CV. Sacral neuromodulation for
the symptomatic treatment of refractory
interstitial cystitis: A prospective study. J
Urol 2003; 169:1369-1373.
Aboseif S, Tamaddon K, Chalfin S,
Freedman S, Kaptein J. Sacral neuromodulation as an effective treatment for
refractory pelvic floor dysfunction. Urology 2002; 60:52-56.
Siegel S, Paszkiewicz E, Kirkpatrick
C, Hinkel B, Oleson K. Sacral nerve

stimulation in patients with chronic intractable pelvic pain. J Urol 2001; 166:
1742-1745.
55. Peters KM, Konstandt D. Sacral neuromodulation decreases narcotic requirements in refractory interstitial cystitis.
BJU Int 2004; 93:777-779.
56. Benson JT. Sacral nerve stimulation results may be improved by electrodiagnostic techniques. Int Urogynecol J Pelvic
Floor Dysfunct 2000; 11:352-357.

33

Ethics of Pain Care
James Giordano, PhD
Michael E. Schatman, PhD

Introduction: Precipitating Factors

A Crisis in Pain Care: Time for Change

Mayerfeld1 has argued that there exists a general moral
obligation to prevent or relieve human suffering. The original
Code of Ethics published by the American Medical Association in 1847 states: “…from the age of Hippocrates to the present time, the annals of every civilized people contain abundant
evidences of the devotedness of medical men to the relief of
their fellow-creatures from pain and disease…”.2
While some may question the universality of this obligation, few would argue the ethical obligation of the pain physician to manage patients’ pain and relieve suffering. Edwards3
has suggested that, “…there is the duty to do all that can be
done within the limits of current medical knowledge and available resources to relieve all the pain and suffering which can be
alleviated.”
Yet, in this age of technophilic orientations to solving many,
if not all, medical problems, an over-reliance on technology or
purely objective assessment(s) can likely result in ineffective
attempts to treat a patient’s pain.4 In many ways, this reflects a
dissonance, if not frank reluctance to confront the limitations
and inadequacies borne of the technocentric, disease-based
healthcare paradigm. Chronic pain frequently does not neatly
“fit” into this model, but rather is more characteristic of phenomenal illness. As such, a more encompassing approach may
be required that goes beyond simple focus upon the symptom
or disease of pain, and entails evaluating and treating the person who suffers from pain.
We contend that in order to fully and most positively affect
the capability (if not reality) of implementing a more comprehensive paradigm of pain care it is necessary to: 1) recognize
the complexity of chronic pain; 2) account for economic factors
imposed upon the healthcare system, and 3) enable articulation
of any paradigmatic revision within the contemporary medicolegal environment.

Three primary ethical problems arise from the interaction(s)
of these contingencies – namely 1) the under-treatment of pain
(i.e., defensive practice), 2) the inappropriate over-utilization
of various pharmacologic agents and techniques, and 3) the
tensions and conflicts that develop within the proximate (i.e.,
patient and clinician) and second- and third-order relationships of pain medicine (i.e., between clinician, patient and
third party payer(s), attorneys, medical governing bodies, and
state and federal agencies). All can lead to a failure of technically apt and ethically sound pain medicine. These problems
are evidenced by a generalized lack of interest in chronic pain
management among many physicians,5,6 concerns regarding
professional sanctions and legal action relating to the prescription of opioid analgesics,7-9 and a decrease in viable pain management programs due to the insurance industry’s and hospital
administrations’ concerns with cost-containment and profitability when confronting long-term pain management.10-11 As
a result, pain care has become increasingly disjunct; broadly
affecting pain medicine as a social good, with particular groups
of patients — such as the poor,12,13 certain racial and ethnic
minorities,14-17 children,18-22 and older patients23-26 — being at
even greater risk for under-service and under-treatment.
Thus, while Congress has declared this to be the “Decade
of Pain Control and Research” (H.R. 3244), and there has been
increased interest in pain research, there is little compelling
evidence to suggest that 1) federal funding priorities for basic
and translational pain research have improved; 2) translational
research applications are being articulated within an economically supportive healthcare system, 3) medico-legal guidelines
and policies have been enacted to thoroughly address the issues
and resolve the problems inherent to the practice of pain medicine, and 4) chronic pain is any less prevalent than 8 years
ago.27,28 In fact, some have suggested that the problem(s) of
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chronic pain are actually becoming worse.29 Given the capacity of technology to longitudinally manage chronic diseases,
and the increased potential (if not likelihood) for patients who
have these diseases to have an extended lifespan with durable chronic pain, medicine in general — and pain medicine
more specifically — must ardently address the nature, multifold individual effects, and social, economic, and legal impact
of intractable pain, and then confront the question of how to
heal what cannot be cured. In this light, Ben Rich has noted
that “…the silence…of caregivers to adequately address pain in
the clinical setting has been deafening.”30 Taken together, these
factors have led to what we consider to be a “crisis”— literally
a “point at which change must come” — in chronic pain care
in the United States.
If we are to develop a voice that calls for, and defines
change in the practical and ethical conduct of pain medicine,
then it becomes important to approach these problems with a
sense of measure and purpose. In this chapter, we employ the
method of an ethical analysis to approach the circumstances,
issues, questions, and problems that are drawn against the contemporary practice of pain medicine. From this we propose an
ethical structure of the profession and describe how various
ethical systems could be engaged to functionally enact pain
care as a practice. Lastly, we posit how an integrative, multidisciplinary approach to pain medicine might be established
to execute these constructs. We believe that this perspective
allows 1) insight(s) to the facts that both underlie the circumstances and which help to define the agents involved, 2) appreciation of how problems are generated at the intersection of
agents in circumstance(s), and 3) a more thorough evaluation
(and ultimate articulation) of potential resolution(s) of such
problems.

The Analysis: The “Facts”
Pain as a Biological Process

Any analysis of an issue must begin with, and be built
upon, a recognition of facts (and perhaps a realization that such
facts may be contingent and mutable) that are pertinent to the
situation and relationships of involved agents. Thus, we posit
that knowledge of pain — as symptom, disease, and/or illness
— must be the basis for any and all constructs of pain medicine.31,32 We have proposed that chronic pain may represent a
spectrum disorder that entails co-morbid neuropsychological
manifestations.33,34 The expression of this pathologic spectrum
is dependent upon genetic, environmental, and experiential
interactions throughout the lifespan, and establishes individually unique patterns of physiological, cognitive, emotional, and
behavioral responses to (pain as) disease and illness. Often,
such co-morbidity presents as frank psychiatric disorder(s),35

and we have posed that it is important to regard the underlying mechanisms of this spectrum disorder in order to appreciate the predisposition to, and co-presentation of anxiety, mood,
and substance abuse disorders in the chronic pain patient.36
The pathologic process(es) of chronic pain may involve
functional and structural activation and remodeling of neural
networks involved in affect, cognition, and emotion. As well,
changes in peripheral and central nociceptive and analgesic
neuraxes can lead to changing thresholds and tolerance to pain.
In this way, pathologic down-regulation of pain modulatory
substrates would induce both altered patterns of pain and pain
modulation (e.g., central sensitization, hyperpathia, allodynia,
etc.), as well as diminished pharmacologic sensitivity to analgesic drugs, and could prompt the need for escalating doses
of opioids and/or psychotropics. These mechanisms would
elicit effects (e.g., rightward shifted opioid dose-response), and
behaviors (e.g., apparent early-phase tolerance, rapid dose-escalation, drug seeking) that would appear to reflect non-responsiveness to treatment, non-compliance, and/or addiction.36-38
The “Self” in Pain

This change in the neural basis of multiple domains of neural functions (e.g., sensation, perception, cognition, emotion, and
perhaps more expansively, the basis of conscious processes that
evoke the definable “self ”) contributes to the embodied person
who is the patient in pain, defines the uniqueness of their suffering, its impact and expression, and their needs.39,40 As Nuala
Kenny notes “…suffering is an experience of persons…we must
know persons…to come to some appreciation of their suffering.
We cannot predict the source or severity of an individual’s suffering from their diagnosis.”41 In claiming that the responsibility
of pain medicine as a practice is enacted within the relationship
of circumstance(s), persons, actions, and consequences, we have
argued that the pain physician must not only understand pain,
but must regard the effects that pain can incur on persons, and
appreciate how pain manifests effects in a given patient.42 It is
this contextualization that establishes the therapeutic and moral
probity of the clinical encounter, and which provides the foundation for the trajectory of any and all care.

Agents in Interaction
The Pain Patient

Knowledge of the complexity of pain (as neural mechanism,
symptom, disease, and illness) affords the clinician insight into
how pain affects cognition, emotion, and behavior, and provides
a “conceptual template” upon which specific patients’ actual presentation of signs and symptoms can be based and evaluated.
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But ultimately, the reality of the clinical encounter must address
the identity and agency of the person in pain. In other words,
we must ask: who is this pain patient? How does pain affect this
person, and how is it manifested and expressed?
Obviously, pain is defined by its noxiousness, and the
adversity of hurting is the most fundamentally negative experience of pain. Yet, for many patients, an equally deleterious
aspect of the chronic pain experience is the loss of function,
which as Pullman states “…can rob persons of …capacity to
pursue meaning-conferring endeavors”43 and purloin their
capacity for activities, roles and relationships, independence,
and for many, diminish the sense of personal agency and
attributive dignity.44,45 Undoubtedly, when an individual has
historically been independent across multiple dimensions of
functioning (including, but not limited to, activities of daily
living, transportation, vocation, finances, etc.), the psychological and social consequences of such physical and economic
dependence are likely to be profound. This change (or loss) of
agency is compounded by the co-morbidities that frequently
are expressed within the pain spectrum. Not only can psychological dysfunction (e.g., anxiety, depressive, and somatic characteristics and/or frank disorders) and substance misuse/abuse
elicit increasingly greater subjective “hurt” and suffering,47 but
these co-morbidities often incur negative stigmatization, that
may become implicitly (or explicitly) apparent even within the
medical relationship.
The Pain Clinician

The pain clinician’s claim to be a specialist invites the
trust and reliance of the pain patient. In making this claim,
the clinician not only declares a specific level of knowledge
and skill, but also affirms that this knowledge and capability
will be used in ways that uphold the “good” of each and every
(prospective) patient. We have opined that the pain clinician
must utilize differing domains of knowledge in distinct ways
and with appropriate balance to comprehend pain, and discern
its effects and expressions in the patient.48 While a mechanistic
knowledge of pain can be objectively acquired, the effects of
pain on the life of a given patient require subjective insight. It
is the combination of objective and subjective information that
allow the clinician to 1) determine “the good” relevant to a particular patient’s (biomedical, psychological, and social) needs,
values, and goals, and 2) direct the best (i.e., most technically
right, and morally sound) course of care.
But the pain clinician is a person in her own right, with
values and dispositions that dictate her moral compass. How
will she use her specialized knowledge? How will she enact the
promise of profession in practice? In many ways, this speaks to
what it means to “be” a pain physician. First, it is a responsibility to both acknowledge the enigmatic nature of pain and its
effects, and realize that the pain patient often co-presents with
psychological and/or substance use issues that can complicate
diagnosis and treatment. These complications heighten the
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vulnerability of the pain patient, and deepen the therapeutic
and moral obligations of the clinician.
Clearly, unconditional positive regard is essential to any
clinical practice,49 but even so, it is important to acknowledge
that socio-cultural experiences can, and frequently do shape
the values and expectations of clinicians.50 We have stated previously, and re-iterate here that “…the physician who enters
the field of pain medicine does so by choice.”51 Thus, on an
elementary level, we contend that the values of the pain clinician must be consistent with attending to the exigencies of
the pain patient (e.g., psychological co-morbidity, potential for
substance misuse/abuse).
The Community of Patient and Clinician

The values of the clinician and the patient do not necessarily have to concur, but the clinician and patient should develop
and work toward realistic goals that the patient has identified,
and which are based upon the premise of shared intentionality of pain relief and/or effective management and healing.52-54
This should not create any undue assumptions about what is
required of the pain patient, who, in his state of vulnerability, might not be expected to be responsible for anything more
than respect, and a commitment to the construct, goals, and
ends of the medical relationship.54,55
The patient is driven to the clinician out of need, while
the clinician freely enters the practice of pain care because of an
intellectual and emotional identification with, and dedication
to helping and healing persons in pain. This fiduciary establishes the patient and clinician de communitas – as “in community.”56,57 Such sense of community is based upon the shared
identification of “good” that is achievable within the relationship, and in this way the relationship is both therapeutic and
moral – the clinician must seek to provide biomedical good in
those ways that allow equal appreciation for patients’ values,
goals, choices, and in this way conveys respect for the patient
as a person.57 In the ideal, the “healing agency” of the clinician
engenders the restored personal agency of the patient.
But the medical relationship is not enacted in a vacuum,
and so even the most aligned values and interactive agency of
patient and clinician are subject to the intentions and acts of
agents and forces external to the clinical encounter. To be sure,
the values and relative power of patient and clinician are often
asymmetrical to begin with, and given that pain medicine
exists within a social environment, socio-economic and sociolegal factors frequently become the source and/or instigation
of ethical issues and problems within clinical practice. Thus,
if we are to catalyze change, we must look to the practice of
pain medicine — writ large as a social good, and small as the
individual good(s) rendered within the clinical encounter — to
identify the issues and problems that impede progress, elucidate the causes and consequences of these issues and problems,
and develop resolutions that are most well-informed, practical,
and morally sound.
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The Nature of the Issues and Problems
The ethical, economic, and legal boundaries of these
issues and problems are not clearly demarcated. Instead, these
domains tend to be reciprocally influential. A number of convergent forces have created the social environment, and set
the stage for the ethical problems of contemporary medical
practice, including 1) the progressive rise in market values and
the business ethic as a consequence of the second industrial
revolution; 2) fortification of market incentives of time-restriction and cost-efficiency fostered by an increasing reliance upon
technology and technocentric mindset; 3) a renewed interest, if
not misconception of the notion of patient autonomy that has
been spawned, at least partly, by legal response to socio-medical misconduct in the twentieth century (e.g., medical crimes
against humanity and the Nuremburg Code, Belmont Report,
etc.), and a strongly libertarian anti-paternalistic sentiment,
and 4) an increasingly litigious social climate, that ultimately
relegates medicine to a business conduct, and imposes contractual regulations upon medical practice(s).58
That economic influences have significantly affected the
subsidy and conduct of pain medicine (i.e., both in research and
practice) is undeniable, and despite the congressional incentive for “Pain Control and Research,” the diversity (and perhaps appropriateness) of pain care has not been meaningfully
enhanced. In many ways, this is a reflection of market effects
(short-term vs. long-term cost and benefit analyses, prohibitive
third-party payer regulations, etc.) that have negatively impacted the provision and availability of viable resources for treating
and managing chronic pain. Diminishing resources, coupled to
an increasing need and demand for pain-related services, have
commodified the practice of pain medicine (a trend also seen
in medical practice at large), and have established the clinician
as “provider” and patient as “client.”59
This has hobbled professional responsibility and capacity
in 3 ways: First, it has led to a somewhat bastardized conceptualization of patient autonomy to be construed as “the right
of unrestricted free choice,” rather than the dignity of independent action and agency and/or (albeit somewhat more narrowly defined) the negative right to refuse care that is offered.
Second, the primacy of the patient’s best interests are often
subordinated to an economically-driven decisional process
that has created supply-demand discrepancies; and third, these
factors have prompted increasingly contractual, if not litigious
undertones that have progressively affected the scope, type, and
nature of pain care.
This has led to the notion of “patient as consumer,” that
has created a direct tension between the expert knowledge
and actions of the clinician, and the choices and behaviors
of the patient. The medical relationship is based upon the
definable medical needs of the patient, and the clinician’s
abilities to assess these needs and provide proper, safe, and
sound treatment(s). Consumerism has resulted in an escalating pressure to provide treatments that patients view

as being of “greatest value” (viz. facilitating the greatest
“return” – i.e. perceived subjective effect – in light of investment of time and cost incurred by delays in receiving care,
non-appropriation of benefits, etc.). Often the “high value”
treatments requested/demanded are opioids and/or excessive interventional techniques (including surgery). This can
lead to an over-utilization of agents and procedures in an
attempt to accommodate patient demands (i.e., acquiescent
care, in which patient “autonomy” trumps that of the clinician to exercise prudent expert use of knowledge and skill).
Characteristically this is prompted by patients’ fears of escalating pain, diminishing resources and availability of care,
and by clinicians’ fears of legal retribution by “unsatisfied”
patients.58,59
Also, under-utilization/provision of agents and procedures
is equally prevalent and nonetheless problematic. In this case,
restricted treatment can result from 1) diminishing or nonavailable (fiscal and/or clinical) resources; 2) inadequate thirdparty coverage schemes; 3) clinicians’ fears of medico-legal
sanction and prosecution, 4) clinicians’ mistrust of patients’
capacity to abuse “autonomy,” and/or 5) clinicians’ discomfort
of losing control of the medical situation.60-62

Toward Resolution: The Need for Practical
Ethics
At least part of the problem stems from a lack of cohesion in pain medicine, ranging from practice models and settings, to inadequate policy and economic support for research
and clinical care. Resolution of these problems must offer
practical responses to the circumstances and issues. By definition, such practicality entails affording “good” in ways that are
grounded to the facts and realities of situations, and are not
merely theoretical, conceptual, or implausible. In this way, any
attempt at resolving these problems must acknowledge technological advances, their applications, limitations, and effects,
and must equally exhibit sensitivity to the social and personal factors that characterize pain medicine.60,62 Determining
what is “good” is the work of ethics – as systems and analyses
of moral decisional process. Ethics both establishes norms
and articulates their use in practice, and thus the distinction
between the normative and applied is nominal at best,63 and
as matter of fact is more of a continuum of expression that is
dependent upon case and circumstance(s). Given the variety
of circumstances in the clinical practice of pain medicine, no
single ethical system would be totally adequate, and a discursive approach is likely to be most useful and effective. It
may be that what is actually needed is a meta-ethics of pain
medicine, despite the onerous nature of such an undertaking.
But for a meta-ethics to have any applied value and validity, it must be equally committed to the facts, realities and
contingencies of pain medicine as profession and practice,
and therefore must incorporate an ethical “infrastructure
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and function” that engages ethical systems and approaches
in ways that support and sustain the good to be provided on
individual and public levels.64,65
Describing the nature of problems inherent to chronic pain
care most certainly represents an important step toward defining what limitations and ethical issues confront the profession
of pain medicine. The interaction of circumstances, agents,
moral subjects, and forces (social, economic, and legal) in the
medical environment generate these problems, and such forces
must also be considered when proposing potential resolutions.
If an ethics of chronic pain care is to be viable, it must be based
upon fact(s), but it must be equally committed to core values
of medicine that establish the moral premises upon which pain
care is built.2 In this way, the philosophical constructs of pain
care become consistent with, and sustained by the goals and
ends of medicine as both an individual and public good.3 To be
sure, there are aspects of pain medicine that require specificity
of the principal philosophic domains and tasks (i.e., epistemology, anthropology, and ethics).

Importance of a Philosophy of Pain Medicine
A philosophy of pain medicine 1) defines the nature of
pain, 2) recognizes the variability and subjectivity of its expression in the pain patient, 3) acknowledges and explicates the
vulnerabilities rendered by pain, 4) describes the inherent characteristics and asymmetries of the patient-clinician relationship, and 5) defines the ends of pain care, both specifically, and
as relevant to medicine, writ large.32,51 That these ends entail
the provision of ‘good’ care links the epistemic domains of
pain medicine to its anthropologic focus and ethically sound
conduct.
The anthropologic basis of pain medicine is realized
through the provision of care — as a humanitarian act —
within the clinical encounter that occurs between clinican
and patient, existing de communitas (in community).56,66
At the most proximate level, this involves sharing common
moral values of the healing interaction, namely that the
patient seeks the clinician based upon the clinician’s professed knowledge, skills, and ability.67 More broadly, this act
of profession provides an open invitation to any and all pain
patients, and in this way, can be seen as both covenantal and
offering a social/public good.68,69 While it cannot be denied
that some elements of the clinical relationship may be supported by social contract,70 complete contractual influence
is not possible given the non-discretionary nature of pain,
and relative inequalities (of knowledge, skill, and ultimately,
decisional power) that exist between clinician and patient.
The primacy of the patient’s best interest is non-negotiable
and establishes the foundation of the clinical relationship,
and ultimately the individual and public trust in (pain)
medicine, at large.71 Thus, it becomes evident that such
anthropologic dimensions of pain care inform and compel
the ethics of pain medicine.
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An Ethics of Pain Medicine
We posit that an ethics of pain medicine should define
the profession and sustain the practice. While explication of a
putative meta-ethics of pain medicine is beyond the scope of
this chapter, it is important to note that such a meta-ethics is
needed to describe the nature and meaning(s) of moral terms
and constructs, and the obligations these entail. This meta-ethics requires a balanced cognitivist and subjectivist foundation.
Cognitivist aspects reflect that particular practical and moral
truths inherent to pain medicine as a profession are both valid
and viable. However, incorporating these truths into the moral
decisions of practice involves subjective valuation, reflection,
and responses of individual clinicians as moral agents.65
In other words, while facts (of pain, therapeutics, nature
of clinical practice, etc.) may be objectively known, how this
knowledge is to be used in moral decision-making and definitions of ‘good’ (and ‘bad’) are less objective. In light of this, any
attempt to construct an ethics of pain medicine must clearly
delineate what facts are essential to the objective framework of
the profession so as to establish foundational responsibilities
and duties that must be upheld in order to ensure its authenticity. These facts are based upon the most current knowledge
(of pain, burdens, risks, and benefits of treatment, etc.), and
provide practical truths to direct the moral affirmations of pain
medicine as a profession, and obligations of individual clinicians in practice.
Primary Structure: Deontic Normative Ethics

As Baggini and Fosl72 note, “…meta-ethics colors normative ethics.” Moreover, we agree with Shelly Kagan63 that the
distinction between normative and applied ethics can be somewhat arbitrary and is really more of a continuum of concept
and action. The nature of a “profession” dictates 1) the acquisition of specialized training, knowledge, and skill(s), and 2) the
development and use of specific constructs and rules (i.e., a
deontic foundation) that enable self-governance and policing.
This acknowledges that facts establish (the need for) certain
duties and rules of pain medicine, and those who enter the
profession of pain medicine must be committed to its realities, tasks, efforts, and duties.64,73 Table 1 lists what we feel are
representative duties and rules, based in part upon the work
of Richard Ryder,74 Thomas Nagel,75 Richard Zaner76 and
Edmund Pellegrino.77
The deontic nature of this approach is decidedly Kantian,
and emphasizes the duty to self and others, and an appreciation for relational asymmetries.78 In defining the profession,
such duties and rules are, in fact, imperative. However, to avoid
being procrustean they must also allow for individual embededness in history, traditions, and culture, and acknowledge (a
non-relativistic) pluralism.79 To be sure, to maintain any contemporary relevance, rules and duties (and moral reasoning)
must adjust to changing conditions.80
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Table 1. Representative duties and rules of a normative ethics of pain medicine.
1.	Entering the practice of pain medicine is discretionary and must reflect
personal acknowledgement and adherence to a philosophy of pain
medicine.

7.	As a general rule, we should adopt the precautionary principle that
whenever the potential for pain is uncertain in a living being, it should
be assumed.

2. A core ethic of pain care reflects the belief that pain is “real.”

8.	There is a duty upon those caring for pain patients to acknowledge the
facts and realities of pain as physiological and psychological events (and
recognize co-morbid syndromes and conditions.)

3.	This core ethic is based upon unselfishness; the experiences of the moral
patient are always of greater moral importance than the motives of the
moral agent.
4. Pain and suffering are profound harms.
5.	There is a moral objective and obligation to reduce the pain of patients:
this moral standard applies equally to all individuals.

9.	There is a duty for those caring for pain patients to acknowledge the
subjectivity of pain.
10. T
 here is a duty for those who profess to be pain clinicians to accept
the difficulties, burdens, and responsibilities of caring for those in pain.

6.	W hatever benefits, it is wrong to deliberately produce or allow pain that
is prolonged or severe.

Secondary Structure: Applied Ethics

Applied ethics shape the practice work within the infrastructure of core rules and duties of the profession. An applied
ethics of pain medicine must be pragmatic, and therefore, cannot
rely upon, or be reduced to a single principle (or ethical system).
Intentions, actions, and consequences (in the clinical environment) are all ethically relevant.81 Hence, the practical agency
of the pain clinician (i.e., literally her agency as engaged in the
provision of “good”82) is necessarily therapeutic and moral. Personal and cultural values and beliefs contribute to each clinician’s
moral compass, and therefore are instrumental in determining
what and why various ethical systems have appeal and utility in
guiding the moral decisions of clinical practice. So while coarsegrained alignment of clinicians’ values and beliefs within the
deontic framework of pain medicine is important, the applied
ethics of practice involves other ethical systems that are resonant with individual clinicians’ moral reasoning on a more finegrained level. Obviously, a number of ethical systems have relative merit in this regard (A review of ethical systems as relevant
to pain management is provided by Chessa.83)
Of these, the use of mid-level principles (beneficence,
non-maleficence, respect for autonomy, justice) is undoubtedly one of the most familiar and widely used in medicine.84
Using principles within a rule-based framework allows for
some situational interpretation of what principle (or order of
principles) best meet core professional responsibilities, while
accommodating the interpersonal relationships and issues of
a particular case.84 However, one of the problems frequently
encountered when using the principlist approach is the limitations of face-value reliability of the principles themselves.85
Often, a given principle, or a particular ordering of principles,
can only be employed if specific constraints on situations, relations, and/or consequences are considered (i.e., considerations
ceteris paribus — all other things being equal86). The problem

is that such specifications and constraints are rarely possible
given the diversity of situations that arise in the practice of
pain medicine. This would seem to necessitate a moral particularism and/or situation ethics, which, while allowing more
finer-grained evaluation, might also be viewed as contradictory
to principlism, on the whole.87,88
To accommodate the specifics of individual cases and
still frame ethical decision-making within some grounding
framework or set of precedents, the casuistic method is often
employed. Casuistry — the process of ethical analysis in which
a particular case is compared to prior paradigmatic cases of
similar circumstance — is derived from English legal practice,
and thus, may have certain value in bridging practical ethics to
law.89 In this latter regard, the casuistic method is frequently
used when ethics’ committees engage healthcare administration and/or legal departments to resolve ethical issues or formulate policy.90 Yet, despite the apparent similarity of certain
cases, important details very often differ, and evaluating and
weighing these differences is critical and rarely without some
implicit or explicit bias.
Casuistic decisions tend to be oriented toward maximizing
good outcomes, and therefore, could be (and sometimes are)
coupled with utilitarian approaches. John Baron has advocated
a form of utilitarianism that examines the capacity of rules and
actions to maximize patient-centered care.91 The provision of
such care could entail rules and acts that produce the greatest
overall good (viz. total utilitarianism), or that afford good level
of care averaged across the greatest number of patients (viz.
average or welfarist utilitarianism). The value of this approach
is that it appeals to moral intuitionism, and may accommodate some level of commutative and distributive justice.92 The
attractiveness of these types of utilitarian models is that they
place considerable value on human well-being as a primary
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good. Still, the utilitarian approach is consequentialist. While
consequences (particularly those that are good) are important,
any practical, ethical reasoning must also regard circumstance,
agents, intentions, and acts/means. Toward this end, greater
methodologic rigor may be required in the analysis and process
of ethical decision-making itself.
Carol Gilligan92 and Annette Baier93 have claimed that
true moral consideration and decision-making require a deeper understanding of relational asymmetries, and the marginalizing effects of illness and vulnerability. These concepts form
the basis of feminist and care ethics, and such approaches have
been increasingly advocated as forms of ethics that reflect the
circumstances and contingencies of ‘healing-oriented’ healthcare fields,94 including chronic pain management.95 Yet, as Julia
Pedroni96 notes, while feminist and care ethics may offer sensitive, “other-centered” methodologies and practices, their utility may require definition of therapeutic boundaries and the
type(s) and levels of good that are appropriate in the clinical relationship - intellectual and moral activities that Baier94
states comport with, and require virtue.
The Clinician as Moral Agent

Every ethical system has potential merit and limitations
(Table 2), and thorough analysis of circumstance, action, and
consequences — taken together with critical self-reflection
upon one’s individual moral compass — are vital to determine
which ethical approach (or combination of approaches) may
be most useful and meaningful. The obligation to apprehend
circumstance, recognize ethical issues, and utilize knowledge
to best reflect appropriate moral value(s), in the end, rests upon
the clinician as a moral agent who is insightful and responsive
to the relative needs of pain patients and to the interdependence of knowledge, intentions, acts, and consequences. Even
if an analytic or statistical approach is used to resolve clinical
equipoise and ethical questions, it is incumbent upon the clinician to utilize the right intellectual capacities, knowledge, and
moral values when implementing medical decisions to effect
the provision of good care.32
It is for these reasons that we advocate the relevance and
importance of an agent-based ethics. Such agency obligates
technical and intellectual competence, as well as self-understanding (of emotions, values, capabilities, and limits). It has
been claimed that there is a strong, if not direct, relationship
between agentic integrity and good action, such that 1) intellectual skill and emotional maturity are necessary to comprehend and enact standards of morality,97 and 2) different types
of knowledge inform and uphold particular traits of character so as to accept moral responsibility and resist moral lassitude.98 These ingrained dynamics of character — i.e., virtues
— establish ability for intellectual and moral discernment and
practical sensibility, and we believe that certain intellectual and
moral virtues (e.g., prudence, reverence, benevolence, compassion, veracity, fortitude) are not only vital traits of the pain cli-
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nician, but are equally important ethical cornerstones for the
sound practice of pain care.51,64,99 Table 3 provides a summary
of agent-based virtue ethics, relative advantages, and purported
limitations.
As with any other ethical system, virtue ethics is not without limitation(s) or criticism(s), and we recognize that the virtues cannot (and perhaps should not) be considered in isolation. See Table 3.64,100-102 But we reject the contention that a
virtue ethics of pain medicine is not possible given the environment of contemporary society. Our premises in support of
agent-based virtue ethics are relatively straightforward: pain is
complex, the treatment of pain patients can be demanding, and
the right and good articulation of pain medicine in the current economic, legal, and social environment can be difficult.
The person entering the field cannot underestimate these factors, take them for granted, nor trivialize the importance of the
responsibilities that these variables foster. Simply, we argue that
certain intellectual and moral virtues are required of the pain
clinician, to both enable the knowledge and skill required for
therapeutic capacity, and to embrace core values and appropriately utilize other ethical approaches to execute moral agency.
A more complete discussion of a virtue-based ethics of pain
medicine, and of particular virtues that are important to the
therapeutic and moral agency of the pain clinician is addressed
in previous work.32,51,64,99,100-102

Table 2. Ethical approaches addressed in text: Basic focus,
scope, and limitations.
Some Representative Ethical Systems
• Principlism:
Focus upon mid-level, prima facie principles of beneficence, nonmaleficence, respect for autonomy, justice
• Utilitarianism:
Seeks to provide overall or average “good”; ‘welfarist’ orientation
• Feminist/care ethics:
Consideration of inequalities of position and relationship, marginalization,
focus upon care
• Casuistry:
Analysis of paradigmatic prior cases as relevant
• Communitarianism:
Intentions and actions to support common values, ideals of good
Potential Limitations of These Ethical Approaches
• Principlist approach:
Collision/conflict among principles; how might principles be ‘ordered’?
• Utilitarian approach:
Decision of what constitutes the ‘best fit’ good, or maximal achievement of
good
• Feminist approach:
Problematic issues with therapeutic boundaries and limits within nature/
scope of care
• Casuist approach:
“Which cases, what factors?”; potential for selection and judgment bias
• Communitarian approach:
Decision and negotiation of common value(s), ideals, and rules may
subordinate individual(s) to group(s)
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Table 3. Agent-based, virtue ethics: Foundations, advantages, and limitations.
An Ethics of Virtue
• Focuses upon moral character of the agent
•	Emphasizes reliance upon intellectual and moral traits of character
(virtues) that predispose the agent toward “good” (“…ways of
knowing, ways of reason, ways of acting”)
•	Intellectual virtues: theoretical knowledge, experiential knowledge,
contextual knowledge, practical wisdom
•	Moral virtues: reverence, benevolence, veracity, fidelity, intellectual
honesty, courage, relative effacement of self-interest, practical wisdom

Advantages
• Recaptures ancient tradition of ethics
• Encourages and cultivates excellences of human character
• Focus upon rationality
•	Reflects and comports Hippocratic and Oslerian ideals of “core traits” of the
clinician
•	Enables more modernist emphasis upon empirically-based articulation of
knowledge and skill(s)
• Compatible with other ethical systems (see text)

Limitations
• Non-consensus of virtues or values
• Requires notion of “common good” or “common moral framework”
•	Potential conflict of virtue(s) with particular institutional system(s) of
ethics, policy and/or law
• Problem of teaching and assessing virtue
•	Questions of “frank necessity” of virtue(s) in principle— or rulebased — systems
 efer to references 3, 4, 15 and 42 for a disputation of advantages and
R
limitations.

Ethical Agency in Practice: Toward an Integrative Framework of Pain Medicine
While we propose a deontic structure of the profession of
pain medicine, and what normative and applied ethical systems best enable its practice, we must also consider the ethically complex milieu of pain care within the environment of
contemporary medicine and society at large. Numerous disciplines (e.g. anesthesiology, neurology, physical medicine, psychiatry/psychology, etc.) provide pain care through somewhat
differing theoretical and technical approaches. Yet, we feel that
all must be 1) based upon a contemporary neurophilosophy
of pain, 39,103 and 2) consistent with and adherent to the core
philosophical premises and ends that define medicine. Ethical
systems analyze and determine how and why clinically relevant, moral decisions can be made, and it is evident that within
a basic deontic structure of pain medicine, a number of ethical
systems are possible and valid. Yet, if such a structure of normative and applied ethics is to be realized, moral consideration
must guide evaluation of the current system of pain care, and

provide direction for the development and implementation of
therapeutically and ethically integrative pain medicine for the
future.
Problems as Object Lessons

If we are to effect ethically and practically meaningful
outcomes from this Decade of Pain Control and Research, it
is vital to not merely identify the variables that have instigated
this crisis, but to analyze how problems have occurred and
might be corrected – on both a paradigmatic scale as it relates
to pain medicine as a profession, and on a more immediate
level that translates into the distinct realms of its constituent
general, specialty, and subspecialty practices.
Of those factors that play a role in shaping the current
inadequacies of pain care, first and foremost is the complexity of chronic pain itself. We must abandon those orientations
that treat pain as an object independently of the being that
it affects. Any construct of pain medicine must be built upon
an evolving understanding of pain (as a physiological and psychological event) and its manifestations in a painient subject.
This mandates 1) a continuous investment in research to further elucidate mechanisms, effects, and the viability of various
therapeutics; 2) ongoing revision of clinical methods to reflect
the most current knowledge, and 3) progressive subsidy to
allow state-of-the-art science techniques and technologies to
be broadly available to pain patients.
These points speak to the second major factor, namely that
pain occurs in individuals that are embedded within the fabric
of environment, society, and culture,104 and as such are directly
affected by the philosophies and politics that influence and dictate the socio-economic climate of the healthcare system. On
the whole, the current state of pain care in the United States
has been profoundly affected by discrepancies in resource and
service access, polyglot public values, market-based restrictions
in the provision and insurance support of clinical services,105
and the litigious nature of pain practice (Table 4).
But while a call for change is evident, the more difficult,
yet absolutely essential task at hand is to weigh the benefits and
burdens of any proposed revisions relative to proximate and
more distal consequences within the healthcare system and to
society at large, and implement those changes that evoke the
most saliently beneficial (viz. most therapeutically and morally
sound) effect(s). Managing the crisis in chronic pain care in the
United States is contingent upon the development of a multifocal healthcare paradigm that more thoroughly enables and
fortifies research, its translation (in education and practice), and
the implementation of, and support for both the curative and
healing approaches in medicine in general, and pain care more
specifically. However, these steps necessitate re-examination (if
not revision) of the healthcare system and its economics, and
our hope is that the problems of the past several years serve as
object lesson(s) to instigate positive change in the future.

Ch. 33

Ethics of Pain Care

Giordano, Schatman

439

Table 4. Socio-economic and legal factors contributing to the current crisis in pain are in the US.
Social Factors

1. Discrepancies in access to pain care

2. Demographic distribution of pain specialists and subspecialists
3. Hegemony within pain medicine

4. Omnipresence and omnipotence of market forces

5. Differences in individual and community values and ethics

Economic Factors

1. Relative/perceived cost(s) of high tech vs. low tech diagnostics and therapeutics
2. Rationing of diagnostic and treatment options by third party carriers

3. Market model restrictions in pain care services that promote demand escalation
4. Inequality and iniquities in insurance provision and support
Administrative and Legal Issues

1. Restrictions in third party claims’ allowances

2. Discrepancies regarding “reality” and verifiability of pain and its causes
3. Litigious nature of pain-related cases (e.g., compensation claims, etc.)

4. Professional liabilities related to practice of pain medicine (e.g., opioid prescribing, malpractice, etc.)

The Value of “Low-“ and “High-tech” Approaches

Edwards has advocated “…the duty to do all that can be
done within the limits of current medical knowledge and available resources to relieve…pain.” We most assuredly agree; yet
the question remains how best to achieve these ends. For sure,
the development of new biomedical techniques and technologies is conceptually oriented toward enhancing the capabilities
of medical care.106-108 Often the advances that are most readily
considered for, and/or utilized in clinical therapeutics are actually a combination of existing and new technologies.108,109 The
price of such technologies is dictated, at least partly, by the extent
and costs of time and effort(s) required for development, testing, and evaluation that are then superimposed upon the costs
of the technical elements themselves. Thus, the categorization of particular approach as “low-” or “high-tech” frequently
reflects costs of development, production, and cost-redemptive
use, rather than the actual sophistication of the technique(s) or
technologies, per se.110 Given Edwards’ invocation for maximum
effort, the ethical imperative to employ cutting-edge diagnostic
and therapeutic technologies in pain medicine almost becomes
axiomatic. Yet, it must be remembered that the underlying moral
imperative that dictates this use is the fundamental good that is
achieved and afforded through the relief of pain. Thus, any and
all such tools should not be used simply because they are new
while excluding other, older, yet still clinically viable techniques.
Rather, to uphold instrumental value toward achieving the overall good of pain medicine, we have urged careful consideration
and prudence in determining how, why, and when any technique
or technology can and should be used in practice.4,111

However, such “supply side prudence” is of little value if
“demand side accessibility” is lacking once these “high-tech”
tools and practices are deemed reasonable, and are in place
and ready to use. The availability and use of high-technologies is often the province of specialists and subspecialists, and
even within the scope of these practices, third party payers may
disallow precertification, or refuse reimbursement of advanced
diagnostic and therapeutic technologies.112 The proposed
revisions to healthcare insurance plans advocated by Barack
Obama would seek to create uniformity in the basic level of
health care services that is based upon reassessment of the clinical effectiveness (versus merely cost) of treatments, including
those that are new, innovative, and have higher fixed- or variable costs of adoption or use, respectively.113 The universality
of care offered by these plans does not infer that every service
will be provided to every patient, but rather that every patient
has the ability to access those services and resources that maximize health functioning and goals, as realistically-determined
through deliberative guidance provided by his/her physician.114
This would instill a higher value for patient agency (and
autonomy, not as proactive choice, but as the negative right to
refuse particular treatment(s) based upon relative values and
goals), and fortify the importance of active informed consent as
means to address benefits, burdens, and risks of treatments as
relevant to patients’ biopsychosocial situations.52,53 These situations obviously differ along a number of lines, and often reflect
the variable demographics and circumstances of health care in
rural and/or urban settings.
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A recent study has demonstrated that the United States
faces a serious shortage of pain specialists, which is most pronounced in rural areas.115 Accordingly, chronic pain in rural
areas is treated almost exclusively by primary care physicians.
Although these providers may be aware of the empirical value
of advanced technologies and novel techniques, they may not
have access to such approaches and/or their patients may not
have health insurance that reimburses these services (or any
health insurance at all!). Similarly, there are large numbers of
uninsured, under-insured, and indigent patients in urban areas.
As a result, many physicians, in both rural and urban areas,
may feel that they have limited clinical options, and this may
force acquiescence to a “one nail, one hammer” approach that
contributes to the overuse of some treatments (e.g., long-term
and improper use of opioids, polypharmacy, certain interventional techniques and/or technologies) and under-use of others (i.e., both high- and low-tech) that are more clinically
appropriate.32,116
Reinforcing this, Rollin Gallagher117 has emphasized that
“….the cognitive skills of pain medicine must be emphasized,
not the procedural skills…a pain management specialist…may
proceed with treatments…often without careful evaluation of
the patient’s full scope of problems or the cost-effectiveness of
treatment.” 117 It may be that a combination of low- and hightech approaches is more clinically (as well as time- and cost-)
effective in ameliorating pain, and restoring functional agency
to the patient, and thereby more ethically sound (in terms of
meeting the telic rightness and goodness of medicine) than the
use of either approach alone.110,118
Biopsychosocial Orientation and Integrative Focus

But while we advocate the use of new and novel technologies, it is critical that each and all of these implements be utilized in ways that best accommodate the patient. Toward this
end, any authentic form of pain care must take into account
the interactive contexts and effects of the painient individual
and his/her environment(s).39,104 Undeniably, chronic pain is
perpetuated by a combination of physical, psychological, and
environmental (i.e., sociocultural) factors.39,104,119 The biopsychosocial model of chronic pain management is most closely
associated with these domains and as such may have significant
practical and ethical worth.120 In its “real” form (i.e., as devised
and advocated by George Engel,121 versus more “new age” iterations), the ethical value is derived from an intellectual appreciation of causes and effects, and the relation of these contingencies to the moral responsibility to 1) recognize the patient
as a person consisting of embodied and interacting systems,
and 2) develop and enact good care that reflects and acknowledges this understanding.122 This is of paramount importance,
as Halstead123 has illustrated that any progress in medicine will
be impeded as long as parochial distinctions continue to be
drawn between “scientific” (i.e., technologically based) health
care that focuses upon curing disease and enhancing physi-

ologic function, and “humanistic” health care that focuses on
healing the person. We concur with Halstead123, believe these
distinctions to be arbitrary at best, and specious at worst, and
therefore call for a new, more complementary paradigm for
treating chronic pain that eschews such “either-or” distinctions, and instead seeks to utilize the most current techniques
and technologies together with those (older and non-technical
approaches) that have proven, sustained utility to provide both
curative and healing dimensions of pain care, as needed.124-126
Such a system of pain treatment operating from a biopsychosocial perspective would necessitate an integrative multidisciplinarity, with clinical collaboration focused upon treating the
person-in-pain, rather than merely pain-as-object.
As matter of fact, multidisciplinary pain care was somewhat de rigueur in the United States until late 1990,127 at which
time restricted insurance funding resulted in the absorption of
multidisciplinary pain centers (MPCs) into other hospitalbased programs (e.g., general rehabilitation), or closure due to
relative lack of profit versus operational and overhead cost(s).
Thus, while there were once over 1,000 MPCs in the United
States, the number has dwindled to approximately 200 over
the past decade.128 The decrease in multidisciplinary pain management in the United States has occurred despite multiple
meta-analyses and systematic reviews supporting the efficacy
and cost-efficiency of this approach.129-136
Of course, we recognize that all MPCs were not model
programs – each had limitations and many have failed. In certain cases, these failures were due to excessive utilization and
replication of tests and procedures, the use of a regimented,
non-individualized approach to pain care, and/or a clinician
employing allied health providers (or ancillary care providers
such as massage therapists), and claiming such an enterprise to
be a multidisciplinary treatment facility. Semantics aside, the
simple inclusion of more than one clinician does not genuinely
fulfill the professional obligation of what a “multidisciplinary
pain center” purports to do or be, and these claims border on
frank misrepresentation. Hence, the abundance of insurance
claims for such bastardized forms of “multidisciplinary pain
care” became difficult, if not impossible to substantiate, and in
many ways this cupidity led to both the progressive decrement
in insurance reimbursement of any/all multidisciplinary pain
care, and the implicit zero-sum competition that arose between
clinics and single-provider forms of pain management.
This is not to infer that all MPCs were contributory to
this trend toward self-demise. Many MPCs provided valid,
sound integrative pain care, but the aforementioned financial strains that diminished reimbursement, coupled to other
socio-economic factors that escalated medical costs, led to pain
centers being absorbed into, or overtaken by larger health service corporations, or disbanded altogether.10,11 While the number of multidisciplinary chronic pain management programs
in the United States has decreased, other nations are steadily
increasing the availability of multidisciplinary treatment.137-138
Although efforts are being made to “revive” multidisciplinary
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chronic pain management in the United States, such an undertaking is likely to be an extremely slow process due to the current economic milieu, governmental, private insurance, and
hospital administrative incentives for cost-containment, and a
reluctance to reincur past errors.139 But if we are to learn from
the past so as to effectively and ethically navigate this crisis,
it becomes important to revise the infrastructure and social
construct of pain medicine so as to be responsive to the needs
of patients, and still be economically and administratively
sustainable.140,141
Although Gatchel and colleagues141-143 have demonstrated that multidisciplinary chronic pain programs are less
effective when selected elements of the programs are “carved
out” by insurance companies or the programs themselves (due
to non-reimbursement of group services), we opine that multidisciplinary treatment for pain can still be achieved outside
the context of a traditional comprehensive multidisciplinary
program. Doing so, however, will be complicated as it involves
a coordinated effort among general, specialty, subspecialty,
and allied health practitioners, and may require that insurance
protocols be re-examined and restructured so that healthcare
professionals can provide prolonged collaborative services for
which they currently may not be reimbursed.
As attractive as such specialized, integrative, and high-tech
pain care may be, in reality the majority of pain is addressed and
managed in a primary care setting (despite the fact that limitations upon the scope of primary care often restrict the comprehensive treatment required to manage the chronic pain).145 This
does not reflect any distinct incapacity of primary care; rather,
we believe that the market forces that have been imposed upon
the regnant medical culture have disenabled primary care practice, and threatened the viability of truly integrative care of the
patient with intractable pain.146
Frequently, it is the primary care physician who first
encounters the patient with durable and/or intractable chronic
pain, and must therefore render a diagnosis that (initially) will
determine the type, scope, and trajectory of subsequent care
(whether it be rendered within primary care setting or afforded
by specialists, subspecialists, and/or MPCs).50 Diagnosis and
treatment of the chronic patient are difficult even for the welltrained pain specialist, and, as Gallagher117 has noted, “…we
have only a few thousand pain specialists…those often have
fragmented training…and most primary pain care doctors
have little focused training in pain management…”

A Unified Approach: Steps Toward Change
In light of this, we maintain that the problem of chronic
pain requires a more expansive paradigm of care that conjoins
the primary care physician to act within a larger network of
pain practitioners and MPCs, and that policy must be established that recognizes the epidemiologic, social, and personal
burden of pain, and which facilitates a role for primary care
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in an integrative context of specialty, subspecialty, and MPCbased pain medicine. Moreover, the economics of third-party
reimbursement within the current system of medical care does
not enable the primary care physician to allocate the time or
clinical efforts necessary to address chronic pain, nor do these
economics sustain viable resources (such as referrals to specialists, subspecialists, or MPCs) to provide the comprehensive
care that is required. Medico-legal and administrative issues
result from the escalating pressures to treat such patients within a context of diminishing opportunities for the provision of,
and/or referral to more appropriately expansive care (refer to
Table 1). Thus, for a strengthened, integrative pain medicine
to be developed, exist, and prosper, it must be empowered by
economic and administrative support.
Obviously, this calls for a sea change. Toward this end, we
propose system-wide revisions on (at least) 3 levels:
First, physicians must be more completely educated about
pain. This must occur 1) during the didactic, basic sciences
component of the medical school years as part of an expanded
curriculum that incorporates not only the scientific understanding of pain, but a more humanistic appreciation of the
nature and impact of suffering as a primary focus of medicine
qua medicine; 2) during the clinical clerkship phase of medical education so as to expose medical students to the realities
of pain and the possibilities of pain medicine; 3) during the
residency experience of any/all specialties that encounter pain
patients within the scope of their practice(s), and 4) throughout clinicians’ careers through the provision of ongoing continuing education that allows integration of high-level knowledge to even the most “grass-roots” medical practice, such that
an understanding of the issues of pain, viabilities of low- and
high-tech approaches to treating pain patients, validity and
limitations of particular clinical practice(s), and networks for
referral can be established.147
Second, efforts must be made to revivify MPCs, and
establish an infrastructure of pain medicine that facilitates
referral to, and maintenance of these treatment centers.146
The general mission of this network of pain medicine would
be to provide continuity of pain care, using an integrative,
multidisciplinary approach that accommodates a broader
base of medical resources to provide an enhanced capacity
for long-term treatment, management, and palliative care,
rather than the fragmentary, single practitioner-based system as is currently being utilized. In this way, specialists, subspecialists, and MPCs would provide expert knowledge to,
and/or implement pain management beyond the limitations
imposed upon the primary care physician. Primary care physicians could elect to collaborate with pain specialists, subspecialists, and the MPC to co-manage each patient. Such
reciprocally informative and deliberative partnering between
various physicians, clinicians of the MPC, and the patient
would allow for the most erudite, patient-focused clinical
equipoise, and would enable the provision of the best care.
This multi-partite relationship would also reduce 1) potential
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compliance issues (e.g., regarding pharmacologic use, dose
escalation, and misuse/abuse), and 2) adversarial interactions
involving third-party carriers (e.g., non-substantiation of
reimbursement for medical services needed) and regulatory
agencies (e.g., legal sanctions) that have become increasingly
intimidating, and which have contributed to under-treatment
of pain via “defensive” medical practice. In this latter regard, it
is frequently issues surrounding longitudinal management of
the pain patient that constitute the basis for a defensive stance.
Indeed, there are special challenges when treating the patient
who presents with co-morbidities such as depression, anxiety,
psychotic and personality disorders, substance abuse, and/or
addiction.36,148 But rather than distancing such patients from
the care they require, this networked model would afford
resources for information (e.g., knowledge about spectrum
effects, awareness of drug interactions, tolerance, etc), implement precautions (e.g., identification of potential liabilities,
use of screening tools, etc.), provide patient-attribute-specific treatment (e.g., employing genomics and biomarkers to
guide use of particular pharmacologic agents, techniques, and
technologies), and monitoring/care by professional specialists
(e.g., psychiatry/psychology, addiction medicine, etc.) to focus
upon the needs of each patient, as required. The grounds and
basis for these referrals (e.g., to specialists, subspecialists, and
MPCs) reflect the complexity of pain, and the need for primary care to function cooperatively with other medical specialties and disciplines to provide comprehensive, effective,

and ethical treatment for each person in pain.
We propose a multilevel scheme of pain care, in which
Level I management would and should be administered within
the primary care setting. Level II care would be dedicated to
those specific pain conditions that require specialty (i.e., pain
physician) and/or subspecialty treatment(s) for ongoing management (e.g., neurology, rheumatology, etc.), and Level III
care would be transdisciplinary, focusing upon pain as illness,
and would be the purview of the MPC.
Third, such programs must be supported, developed and
maintained in ways that reciprocally allow for 1) financial subsidies that afford patients the latitude to appropriately access
and utilize such expanded resources to meet their identified
medical need(s), and 2) development of a system of medicolegal initiatives and statutes that protect and enable patients
and physicians within a re-established probity of the physician-patient relationship; thereby assuaging patients’ fears of
inaccessibility to care, and physicians’ fears that they will be
unable to render such care because of economic, administrative, and/or legal restrictions. But here too, it is best to proceed
with caution, as policy that merely acknowledges the impact
of pain, but does not generate economic support for programs
that are specifically designed and implemented for achieving positive therapeutic outcomes might only serve to worsen
social discord (see Table 4).

Table 5. Specific objectives of a comprehensive, integrative system of multidisciplinary pain care.
1. Continuity and enhancement of patients’ pain care through collaboration(s) between primary care, specialty, and subspecialty physicians
2. Use of an integrative, multidisciplinary approach with broadly based medical resources with increased capacity for treatment(s)
3. Provision of individualized pain care, based upon specific needs of each patient
4. Treatment that accommodates both curative and healing paradigms
5. Prudent use of, and access to both low- and high-tech diagnostic and therapeutic approaches
6. Provision, subsidy, and support of both outpatient and in-patient pain care
7. Outsourcing partnerships with mental health programs to address psychiatric factors and accommodate psychological dimensions of pain
8. Outreach social service and educational programs to accommodate social and economic factors
9. Establishment, and subsidy of diagnostic and outcomes’ databases at the local, state, and national levels
10. F
 acilitated cooperation with third-party payers to support prudent clinician-guided and patient values’-based utilization of techniques,
technologies, and programs
Such a system of leveled, integrative multidisciplinary pain care is based upon the moral obligation to 1) acknowledge pain as a complex,
biopsychosocial spectrum disorder, and 2) recognize and respond to the need for low- and high-tech diagnostics and therapeutics that are focused
upon both curative and healing dimensions of personalized, patient-centered care. To articulate this project requires legislation and policy that is
directed at providing federal and privatized economic support for research, education, and the constituent clinical practice(s) in order to maximize
best use of available knowledge, technologies, and resources (see text for details.)
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Integrative Pain Care
A Proposed Articulation

We have attempted to depict the complex nature of
pain, ethical complications, and difficulties that arise in the
treatment of the pain patient, a putative ethical framework
for pain medicine, and the need for a re-integration of primary, specialty, subspecialty, and multidisciplinary care within
a larger context of pain care. Toward this latter goal we offer
the following suggestions:
♦ The primary care physician should provide, and be qualfied (by dedication, education, training, and experience) to
guide Level I management of the pain patient.
♦ Referrals to specialists, subspecialists, and MPCs by the
primary care physician should reflect the prudent judgment that more advanced consultation, if not treatment is
required.
♦ Policy should be in place to insure that patients return to
the primary care physician (i.e., Level I care) following
Level II or III consultation or required treatment, unless
otherwise indicated.
♦ The primary care physician can elect to participate with
specialists, subspecialists, and clinicians of the MPC in
providing continuity of care to the extent that the primary
care physician feels competent and/or amenable.
♦ Level III MPC care can be provided in collaboration with
referring Level I and/or II clinicians, as needed and/or
desired, and represents the appropriate type and extent
of care required based upon the type, severity, and/or comorbidity of pain and other conditions.
We feel that our proposal cannot be static, but must reflect
a cycle of understanding and progress. Collaboration should be
developed between primary care providers, specialists, subspecialists, and MPCs that is guided by patient and community
needs, and fostered by local cooperation. Referrals by primary
care physicians, and the treatment options that are available
and provided by specialists, subspecialists, and within the MPC
should be individualized. Multidisciplinary pain centers should
also contribute to research databanks that seek to inform and
guide clinical diagnostics and therapeutic outcomes. As new
information is gained from these outcomes’ findings, and other
areas of research, it must be incorporated into education, and
translated into clinical practice(s).149-151 Systems and policies
for the furtherance of such research, and the delivery of progressively advanced care must be equally fluid, and must reflect
not only utilization of healthcare resources in pain medicine in
ways that are right, but the sound dedication to treating pain in
ways that fulfill healthcare’s role as a public good.
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Ethical Value

These steps uphold the moral obligation to effectively and
efficiently treat pain, and comport with a number of ethical
systems that describe and direct how such moral obligations
might (and should) be enacted. We have claimed that “…the
profession [of pain medicine] must be informed by scientific
knowledge that is contemporary and progressive, but it must
also be sensitive to the subjectivity of suffering, …to apply
knowledge and skill … that ideally meets each patient’s individual medical needs…this is the basis of medicine as tekne…
that combines…skill and…art and which is integrative …
in the ideal.”125 In this way, pain care is consistent with, and
adherent to the epistemic, anthropologic, and ethical domains
of a core philosophy of medicine. Given that historicity and
canon sustain any philosophy, the utility of philosophical content requires balancing the practical value and application(s)
of old(er) and new(er) concepts so as to be most contemporarily relevant. This balance, as an operational construct of a philosophy of medicine upon which integrative pain care is built,
would therefore compel obtaining, and prudently employing
“…distinct and interactive forms of knowledge… in ways that
…become…open to the importance of, and requirements for
distinct forms, types and perspectives of therapeutic care.”125
The proposed paradigm of integrative pain care 1) supports the basic deontic structure of the profession, 2) allows
for a more complete articulation of clinical and ethical responsibilities within the scope of particular general, specialty, and
subspecialty practices, and 3) upholds the value of pain care
as an interpersonal interaction that seeks to execute good acts
and ends as specifically defined by the needs of the patient,
and parameters of the clinical relationship.57 The participatory
rules define the general framework of pain medicine as a profession, and reinforce the role of the clinician as a moral agent.
Such agency obligates 1) the most current understanding of
pain, 2) familiarity with new techniques and technologies of
pain care,42 and 3) the ability to intuit how, why, and when to
use certain techniques and technologies. It becomes evident
that the use of various diagnostic and therapeutic options is
not only based upon technical knowledge, but also reflects
clinicians’ moral compass, and use of ethical frameworks and
systems to sustain and justify the decisions made in particular
cases.
It may be that certain medical specialties tend to operate in general accordance with a given ethical orientation as
“befits” the focus and specifics of the practice. As well, particular individuals might be intellectually and/or emotionally
drawn to certain specialties because of this ethical “flavoring”
as aligned with their own moral values. We do not discount
these possibilities, however, it is more likely that a number of
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ethical systems are viable (and operational) within each specialty, and therefore an integrative, multidisciplinary approach
would allow for a richer, discursively ethical approach to caring
for pain patients, both individually, and as a population.

profession of pain medicine at-large) must be supported by
policy.

From Philosophy to Policy

The relationships between facts and realities, goals and
ends, rules of profession, and the therapeutic and ethical
instantiations of those rules in the various practices of pain
medicine have been addressed in this chapter, and elsewhere.
60,64,73,111
The structure and functions of all of these components
are reciprocal: philosophy prompts science and science informs
philosophy. Old and new philosophical concepts must be
weighed for merit and utility in light of durable and changing
factors within the scientific and humanistic domains in which
philosophy is applied; old(er) and new(er) techniques and
technologies must be balanced on worth, and both scientific
and humanitarian orientations must be entailed in the articulation of medicine as a practice. Ultimately, the profession and
practice are directed by guidelines, but both must be supported
by policies and economics that enable the core philosophy to
be enacted, and in so doing promote, advance, and sustain ethical good. In light of this, we believe that clinicians must play a
strong contributory role in guideline and policy formation, by
working together with researchers, patient groups, hospital and
insurance administrators, and lawmakers.

In serving that population, pain medicine enacts a public good; therefore it must be accessible to those patients who
require the benefit(s) it tenders. The proposed professional
infrastructure makes available tiered, multidisciplinary care
based upon the differing needs of each specific patient. But
availability does not guarantee access, and the distribution of
these services and resources requires healthcare policies that
provide economic support to ensure that these capabilities are
more broadly available (i.e., supplied), and accessed as needed
and wanted (i.e., demanded).
Both clinicians and patients contribute to this demand,
and there is incumbent responsibility upon clinicians to weigh
the merit of low- and high-tech approaches as relative to the
type of condition(s), and biopsychosocial status of patient(s)
treated so as to justify the supply of these resources and services
to respective patient populations. Patient demand(s) for various high-tech services may be dictated and constrained by a
number of biosocioeconomic factors, and even in a progressive
economic scheme of healthcare benefits that is responsive to
patient choice, the clinician must 1) be aware of the interplay
of constraining factors that affect each patient, and 2) deliberate with individual patients to guide their demands for acquiring various diagnostic and therapeutic options – not as fiscal
gatekeeper, but as a morally responsible steward of knowledge.
On an individual level this requires collaboration not only with
patients, but with other healthcare professionals, case managers, insurance providers, and hospital administrators to insure
that treatment guidelines exist and are maintained that allow
access to, and use of various low- and high-tech approaches.
However, on a public level, guidelines and practices (if not the
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