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& Abstract: Lumbar spinal stenosis (LSS) may result from

degenerative changes of the spine, which lead to neural

ischemia, neurogenic claudication, and a significant decrease

in quality of life. Treatments for LSS range from conservative

management including epidural steroid injections (ESI) to

laminectomy surgery. Treatments vary greatly in cost and

success. ESI is the least costly treatment may be successful for

early stages of LSS but often must be repeated frequently.

Laminectomy surgery is more costly and has higher compli-

cation rates. Minimally invasive lumbar decompression

(mild�) is an alternative. Using a decision-analytic model

from the Medicare perspective, a cost-effectiveness analysis

was performed comparing mild� to ESI or laminectomy

surgery. The analysis population included patients with LSS

who have moderate to severe symptoms and have failed

conservative therapy. Costs included initial procedure, com-

plications, and repeat/revision or alternate procedure after

failure. Effects measured as change in quality-adjusted life

years (QALY) from preprocedure to 2 years postprocedure.

Incremental cost-effectiveness ratios were determined, and

sensitivity analysis conducted. The mild� strategy appears to

be the most cost-effective ($43,760/QALY), with ESI the next

best alternative at an additional $37,758/QALY. Laminectomy

surgery was the least cost-effective ($125,985/QALY). &
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BACKGROUND

Lumbar spinal stenosis (LSS) often results from age

related degenerative changes in the lumbar spine. The

degenerative changes may manifest as disk bulge, which

compromise the size of spinal canal anteriorly, hyper-

trophy and buckling of the ligamentum flavum, which

encroach on the size of the spinal canal posteriorly and

by hypertrophy of the lumbar facet joints, which

compromise the lateral recesses of the spinal canal.1,2

LSS patients experience pain with any excessive walking

or standing, leading to serious physical limitation. Pain

and physical limitations result in significant decrease in

the quality of life.1 These limitations can have great

physical, psychological, and financial negative impact

on the individual patient and more importantly on the

healthcare system and on the society as a whole.

Treatments for LSS range from conservative manage-

ment, such as medications, physical therapy with or

without epidural steroid injections (ESI) tomajor surgical

decompression of the lumbar spine with or without
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fusion/instrumentation. Treatments have varying

degrees of success, due to symptom levels, severity of

the stenosis, the presence or the absence of neurologic

deficits, the associated comorbidities as well the time of

intervention in relation to the progress of the disease

process. Furthermore, these treatments vary great in cost.

Conservative treatment on 1 end is the least costly and

often successful for early stages of LSS or in patients with

minimal symptoms. Treatment, however, must be

repeated frequently as its effect is time limited. Surgical

decompression on the other hand, if successful, can be 1-

time intervention. However, it is much more costly, an

option only for moderate or severe symptom sufferers,

and is associated with a considerably higher rate of

complications, which increase the cost of care. Lastly,

there are a considerable number of elderly patients, based

on their degree of symptoms or disability, who have

failed conservative therapy and either refuse surgery or

considered “high risk” of surgery. This leaves these

patients untreated or continuing to receive short-term

relief with repeated ESI. The latter may lead to steroid-

related complications as osteoporosis, worsening of

diabetes, or hypertension, as well as increased cost over

the long term.

For LSS sufferers, who have failed conservative

therapy or received minimal benefit from serial epidural

steroid injections, or who are not candidates for surgery,

another option exists. The minimally invasive lumbar

decompression procedure (mild�;Vertos Medical, Aliso

Viejo, CA, U.S.A) allows, under fluoroscopic guidance,

lumbar decompression to be performed through a small

port without compromising the integrity of the spine.

The advantages of this novel technique are that the

procedure is minimally invasive, requires minimal anes-

thesia/deep sedation, is associated with shorter recovery

and may have a lower risk of postoperative complica-

tions. These advantages may also result in lower overall

costs compared with surgical decompression. In addi-

tion, it may provide a much greater and more durable

level of clinical benefit comparedwithESI for patients not

eligible for surgery or for those with moderate to severe

symptoms. However, it should be emphasized that the

mild� procedure is only suitable for patients with

symptomatic neurogenic claudication where the thick-

ened ligamentum flavum is the main reason for LSS.

Recent trials have thus far shown durability of

treatment effectiveness compared with conservative

treatment including serial ESI for suitable patients with

a moderate to severe symptoms.3–7 To date, studies have

not examined the benefits of ESI or surgery for LSS

suffers who have failed conservative therapy in terms of

costs or quality of life. Furthermore, no research has

included mild� as a possible treatment option for this

patient group treatment option from an economic

evaluation standpoint. Therefore, the aim of this study

is to evaluate the cost-effectiveness of 3 possible options

to treat LSS patients who failed the conservative

treatment; namely, ESI, mild� procedure and decom-

pression laminectomy.

METHODS

This study was conducted using a cost-utility decision-

analytic model. Medicare payer perspective using 2013

fee schedule was adopted to insure fair reliable compar-

ison of the cost to render such treatment. This perspec-

tive was also chosen as the majority of patients suffering

LSS are at or over Medicare eligible age. While the

duration of pain from LSS can last a patient’s lifetime

without treatment, there was limited clinical trial data

for the mild� procedure beyond this time frame; thus,

costs over a 2-year time frame were considered for the

model.

The health benefits considered for this analysis were

the life years gained in a quality context, that is, quality-

adjusted life years (QALY). The expected incremental

costs and health benefits were compared with the

standard treatment options for patients with symptom-

atic lumbar spinal stenosis after failure of conservative

therapy. Current treatment options for such patients

include serial ESI, mild� procedure, or surgical decom-

pression with or without fusion. These treatment

options are listed in Figure 1 and included in the model

at the decision node. The uncertain events incorporated

into the model included minor or major complications,

further treatment, and death. All future costs and

benefits were discounted at a rate of 3% in line with

current recommendations.8 All cost and benefit data

were collected and adjusted where necessary to Medi-

care fee schedule for the base year 2013 in U.S. dollars.

Ethics approval from this study was obtained from

the Cleveland Clinic Institutional Review Board.

Economic Model Structure, Description, and

Assumptions

To examine the cost-effectiveness of mild� vs. serial ESI

or surgical lumbar decompression, a decision tree was

constructed using TreeAge Pro� 2012 (TreeAge Soft-

ware, Inc., Williamstown, MA, U.S.A.). The patient

108 � UDEH ET AL.



population used was restricted to only those patients

who have symptomatic LSS who failed the conservative

treatment and would fulfill the clinical criteria for the

mild� procedure. For this population, the model

presents 3 possible treatment scenarios and is presented

in Figure 1. It includes all reasonably possible and

mutually exclusive health states throughout the treat-

ment of their LSS with the likelihood of a patients

moving to this health state determined by probabilities

at the decision node. Such health states include the type

of epidural received, any complications they may have

from the treatment, and whether further treatment is

required within the 2-year time frame.

The terminal node, represented by a triangle, indi-

cates the end of possible health states. At this terminal

node, the costs and benefits of a patient reaching this

point are input into the model. Based on the terminal

node inputs and the probabilities of each health state

occurring, the model rolls back the data and analyzes the

cost and benefit of each treatment scenario. The cost and

benefits of each strategy are compared to determine the

optimal strategy choice.

For each intervention, certain treatment path

assumptions were made. If no or minimal relief or

symptoms returned anytime in the 2 years after the

mild� procedure, the procedure was considered failed

treatment. It was assumed that these patients would

proceed to the surgical option. For all surgical interven-

tion patients who have no or minimal relief or their

symptoms return in the 2 years after their surgical

procedure, the procedure was also considered a failed

treatment. It was assumed that these patients would

have a repeat surgical intervention. No further treat-

ment option was considered for serial epidural patients

as the population considered for this study already

assumes failed conservative therapy. As serial epidural

injection is considered part of the conservative therapy

regime, we assumed these patients would receive only

minimal relief from epidural injections, but that it was

the best treatment option available to them.

Discounting

In line with the recommendations of the panel on cost-

effectiveness, all future costs and benefits were dis-

counted at an annual rate of 3%.8 This is based on the

theory that current costs and benefits are valued higher

than those to be gained in the future and are in line with

currently published cost-effectiveness analyses.8–10

Willingness to Pay

The willingness to pay is a proposed monetary value at

which it is believed society is willing to pay for a year of

life in full health (ie, 1 QALY). This value is now widely

accepted to be 2 to 2.5 times the GDP per capita of the

country in question. In the United States, this value is

approximately $100,000 per QALY gained and has been

used in numerous cost-effectiveness studies.9,11,12 Thus,

anyQALY gain that costs less than $100,000 is generally

regarded to be a good use of healthcare resources.
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Figure 1. Decision tree.
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Incremental Costs

For each intervention, all relevant costs from the

Medicare perspective were included. The incremental

costs of implementing each intervention included the

cost of the initial intervention, the cost or any repeat or

revision procedure, and the cost of any alternate

treatment if the initial treatment failed within the 2-

year time frame. Because under the Medicare reim-

bursement model, the majority of complications are not

reimbursable, within 90 days of the intervention, addi-

tional costs for complications were not included in the

model.

At our tertiary referral center, spine surgery statistics

indicated 70% of the symptomatic neurogenic claudi-

cation patients will undergo 3-level laminectomy, with

20% and 10% undergoing 2 levels and 1-level lamin-

ectomy, respectively. To ensure our analysis remained

conservative in its parameter values, our model assumed

that 75% of the patients would have a 2-level laminec-

tomy with the remaining 25% receiving a 1-level

laminectomy.13 No fusion or instrumentation surgeries

were included as they are only considered if there is

structural compromise or instability. The average length

of stay after laminectomy decompression surgery was

3 days. For the epidural option, again based on actual

utilization of ESI for patients with LSS in our program, it

was assumed these patients would continue with serial

ESI annually and that 80% would have the ESI through

the lumbar interlaminar approach and the other 20%

through the caudal approach. Based on our utilization

data, the LSS patient receives an average of 6 to 8

injections per year. A conservative 6 injections per year

was chosen for the model, which is in line with CMS

reimbursement guidelines. For the mild� intervention,

the number of levels or the bilaterality was not consid-

ered, as the CMS reimbursement is a fixed fee regardless

of the bilaterality or the number of levels treated.

Incremental Benefits (Outcome)

Incremental benefits were measured in QALY. This

measure of benefit considers the quantity of life years

gained and the desirability of being in that health state.

For each intervention, the QALY gain was calculated for

each available period to provide and year 1 and year 2

total. QALY reductions were calculated for any com-

plication and subtracted from the total QALY gain

based on the severity and duration of the complication

attributable to the intervention.

For ESI, the QALY gains were abstracted from the

published literature.14 ESI is considered a form of

conservative treatment. As our study population has

already “failed” or had very little benefit from conser-

vative therapy, the QALY gains abstracted from the

literature were reduced by 25% for our model. We feel

this adjustment was justified as our model population

has moderate to severe symptoms and has previously

failed conservative therapy. Therefore, the expected

QALY gains after steroid injection would not be as great

as symptoms would not be relieved to the same level or

last for as long as the published literature population.

Similar to ESI, QALY gains from surgery were

abstracted from the published literature.9,15 As our

study population is not considered to be at a level of LSS

severity that requires surgery, QALY gains abstracted

from published literature were reduced by 25%. We feel

this adjustment was justified while the level of symptom

relief would be similar between our study population

and the literature populations, the patients reported in

the literature would be starting from a much lower

quality of life prior to surgery. This lower quality of life

before surgery would result in a greater QALY gain after

surgery, a gain greater than would be expected for our

study population (Table 1).

The mild� QALY gains were calculated from the

combined data of 4mild clinical trials conducted in 2009

to 2012. There were a total of 301 trial participants. For

each time period, participants were included if complete

data were available at that time point and each point

prior. Table 2 indicates the number of valid participant

data available for each measurement period. To deter-

mine the gain in QALY’s attributable to a procedure, the

preference-based instrument SF-6D or the EQ-5D is

recommended. However, the mild� trials chose to focus

on disease-specific outcomes rather than more general

outcomes and used the Oswestry Disability Index (ODI).

Table 1. Cost Variables

Variable
Baseline
$US 2013

Range
$US 2013

Source
$US 2013

Epidural steroid injection
(Interlaminar) – 1 level

679.09 509.32, 848.86 27

Epidural Steroid Injection
(caudal) – 1 level

620.35 465.26, 775.44 27

Mild 4470.33 3352.74, 5587.91 27
Decompression surgery
– 1 level

10,018.28 7513.71, 12,522,50 24, 25, 27

Decompression surgery
– 2 levels

13,844.73 10,383.55, 17,305.91 24, 25, 27

Discount rate 3% 0%, 5% 8
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TheODI is a disease-specific tool that provides a numeric

rating scale for back and leg pain. An algorithm devel-

oped to convert ODI scores to the more general SF-6D

was used to calculate any QALY gains in the mild�

trials.16This conversionmethodologyhas been adopted in

many analyses similar to this study.9 Using the algorithm,

a SF-6D score was calculated for each trial outcome

measurement period: baseline, 1 week, 1 month, 6

months, 12 months, 24 months. For each patient, the

difference in SF-6D scores from the measurement time to

baseline was calculated and multiplied by the length of

time as the previous measurement period. These differ-

ences were added together to get a final 24-month SF-6D

score, equating to the final QALY gain. This methodol-

ogy is in line with current guidelines for calculating

QALY’s as it takes into account that the gain in QALY’s

over time is not linear and that QALY gains can often be

limited in the beginning until a full recovery is made.17,18

Uncertainty and Sensitivity Analysis

In Tables 1–5, each variable, its low and high value and

its source are presented. Analyses were performed

around the value range for each variable to determine

the robustness of the model to changes in the values. The

model was first tested using the unadjusted QALY gains

for surgery and epidural steroid injections. Further

variables for which the model was most sensitive to

were identified through a series of one-way sensitivity

analyses. This involves varying the value of variable, 1

variable at a time. The variables with highly sensitive

values were rigorously tested using a threshold and 2-

way sensitivity analyses. The previous analyses test the

uncertainty amongst the variables. To test the variability

within a population, microsimulation analysis was used.

This analysis involves replicating 1 patient running

through the model with the outcomes based on the

underlying probabilities of model events. A microsim-

ulation analysis of 1,000 simulations was conducted

with the costs, effects, and net monetary benefits

calculated for each simulation for each strategy.

Incremental Cost-Effectiveness Ratio

The incremental cost-effectiveness ratio (ICER) is a

common methodology that allows interventions across

different disease states to be compared. An ICER

examines the incremental costs and incremental benefits

of 1 intervention over another, with results presented as

a ratio. Depending on the number of interventions

evaluated, many ICERS may result with each represent-

ing the incremental cost and incremental benefit of an

intervention over the next most cost-effective option. To

calculate an ICER, the equation ICER = (C1-C2)/(E1-

E2) with C1 and E1 being the costs and effectiveness

(benefits) of the intervention in question, and C2 and E2

being the costs and effectiveness (benefits) of next most

cost-effective option.18

Net Monetary Benefits

A cost-effectiveness analysis only tells us the optimal

choice of strategy. It does not consider the cost of the

Table 3. Two-year Unadjusted Quality-adjusted Life
Years Gains by Treatment Option

Baseline Range Source

Mild 0.131 0, 0.323 16, 28
Epidural 0.252 (0.21 9 12) 0, 0.315 14
Surgery 0.17 0.12, 0.26 9, 15, 17, 25
Discount rate 3% 0%, 5% 8

Table 4. Quality-adjusted Life Years Loss by Complica-
tion

Baseline Range Source

Baseline QOL 0.97 17
Death 0 0 17
Deep wound infection 0.33 for 2 weeks 0.25, 0.41 17
Postlumbar puncture headache 0.33 for 2 days 0.25, 0.41 17, 29
Nerve root irritation 0.33 for 2 days 0.25, 0.41 17, 29
Cord or cauda equina injury 0.39 0.29, 0.49 17
Nerve root injury 0.79 0.59, 0.99 17
Dural tear 0.33 for 2 days 0.25, 0.41 17
Medical 0.33 for 7 days 0.25, 0.41 17

Table 2. Mild Quality-adjusted Life Years (QALY) Gain Statistics

Number of Valid Responses Mean Median Min Max Standard Deviation

1-week QALY 260 0.0012 0.0010 �0.0028 0.0066 0.0017
3-month QALY 260 0.0210 0.0171 �0.0291 0.0851 0.0277
6-month QALY 246 0.0205 0.0181 �0.0311 0.0907 0.0240
12-month QALY 123 0.0350 0.0337 �0.0725 0.1554 0.0476
24-month QALY 84 0.0532 0.0414 �0.1761 0.3004 0.0906
12-month QALY Total 0.0777 0.0716 �0.1355 0.3378 0.101
24-month QALY Total 0.1309 0.1113 �0.3116 0.6382 0.1916
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strategy in relation to society’s willingness to pay (WTP)

for a QALY. The net monetary benefit is a way of

incorporating the willingness to pay to determine

whether a strategy should be accepted or rejected. Net

monetary benefits (NMB) are calculated by multiplying

the QALY gained by the willingness to pay for a QALY,

then subtracting the costs of the intervention.19,20 If the

NMB are positive, the intervention should be imple-

mented as an interventions value exceeds its cost. If the

NMB are negative, the intervention should be rejected as

the value of the intervention is less than the cost of the

intervention.

RESULTS

Baseline Analysis

With the model variables set to baseline values, all 3

interventions generated health benefits for an additional

cost. The 2-year costs, benefits and ICERs are listed in

Table 6 and in graphical form in Figure 2. The optimal

choice in terms of costs and benefits was the mild�

strategy at $43,760 per QALY. The next best alternative

was ESI at an additional $37,758 per QALY. Laminec-

tomy surgery was dominated by bothmild� and ESI’s as

it would be both more costly and less effective according

to the baseline analysis ($125,985 per QALY).

Sensitivity Analysis

Sensitivity analysis was used to test the robustness of

mild� being the choice strategy to changes within the

model parameters. One-way sensitivity analysis demon-

strated that the choice strategy was robust to most model

variables. The variables with influence on the cost per

QALY included QALY gain, intervention costs and

surgical revision rate. Only one parameter tested

changed the choice of optimal strategy. It is only if the

LSS patients require 3 or fewer ESI’s per year, the choice

strategy would change from mild� to ESI. Further one-

way sensitivity analysis showed that if theQALY gain for

surgery exceeded 0.218, mild� would remain the choice

strategy; however, surgery would no longer be domi-

nated by mild�. Laminectomy surgery for an additional

cost would become a cost-effective option and would be

plotted on the cost-effectiveness frontier. The results of

the microsimulation, testing population variability,

demonstrated results similar to the baseline analysis.

Mild� remained the choice strategy with ESI cost-

effective at an additional $34,716 per QALY. Laminec-

tomy surgery remained dominated. To test mild� in a

very conservative or worst-case scenario, the analysis

was performed with the QALY gains for surgery and ESI

abstracted from the published literature for were not

reduced by 25% (unadjusted). Even under this skeptical

scenario, mild� remained the choice strategy (Figure 3).

Net Monetary Benefits

When ESI was compared with mild�, if the WTP

threshold was $40,500 or greater, the incremental NMB

of ESI remained positive, while mild procedure

remained the same. Because surgery was dominated by

Table 5. Complication, Revision and Failure Rates, Treat-
ment Choice by Treatment Option

Baseline % Range Source

Mild
Death 0.0 0.0, 0.05 28
Deep wound infection 0.0 0.0, 0.05 28
Cord or cauda equine injury 0.0 0.0, 0.05 28
Nerve root injury 0.0 0.0, 0.05 28
Dural tear 0.0 0.0, 0.05 28
Medical (POMI, PE etc.) 0.0 0.0, 0.05 28

Epidural-Interlaminar
Transient nerve root irritation 0.28 0.21, 0.35 29
Dural puncture 0.8 0.6, 1.0 29
Postlumbar puncture headache 0.07 0.05, 0.09 29

Epidural-Caudal
Transient nerve root irritation 0.0 0.0, 0.05 29
Dural puncture 0.0 0.0, 0.05 29
Postlumbar puncture headache 0.0 0.0, 0.05 29

Percent receiving caudal epidural 20% 0.0%, 50% 30
Number epidurals 2 years 12 6, 16 30
Laminectomy surgery
Death 0.8 0.6, 1.0 31
Deep wound infection 1.0 0.75, 1.25 17
Cord or cauda equine injury 0.1 0.08, 0.125 17
Nerve root injury 1.0 0.75, 1.25 17
Dural tear 5.7 4.28, 7.13 17
Medical (POMI, PE etc.) 2.2 1.65, 2.75 17

Percent receiving 1 level surgery 25% 0.0%, 50% 13
Percent revision surgery 8.9% 0.0%, 13.4% 24, 32

Table 6. Two-year Average and Incremental Cost and Effect Outcomes (Adjusted)

Intervention Cost ($) Incremental Cost ($) Effect (QALY) Incremental Effect (QALY) ICER Average CER

Mild 5457.92 0.12 43,760
Epidural Spinal Injection 7887.98 2430.06 0.19 0.06 37,758 41,717
Surgery 13770.72 5882.74 0.11 �0.08 �73,739 125,985 (Dominated)

QALY, quality-adjusted life years; ICER, incremental cost-effectiveness ratio.
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both strategies, the incremental NMB were not calcu-

lated.

DISCUSSION

In this economic climate, our aging population lives

longer, with multiple healthcare issues, however, they

strive for a higher quality of life. This has an increasing

demand on our healthcare system that is already

suffering from decreasing resources. As such, there is a

need more than ever to ensure that available healthcare

resources are used efficiently and effectively. Owing to

this climate, much focus has been around cost-effective-

ness analysis and measuring the value of specific

Figure 2. Cost per quality-adjusted life years (QALY) for lumbar spinal stenosis (Adjusted QALY).

Figure 3. Cost per quality-adjusted life years (QALY) for lumbar spinal stenosis (Unadjusted QALY).
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healthcare interventions.8 The gold standard of these

analyses is to not just consider costs, but to consider

them in the context of quality of life, and the compar-

ative cost per quality-adjusted life year gained for

comparable interventions.

Further to the economic climate, our aging popula-

tion is increasing not only in size but also in the

complexity of their healthcare issues as well as in

expectations. Also with many advances in healthcare

technology, the life expectancy is longer, and therefore,

the duration in which our aging population require

healthcare is becoming longer. With this, much of the

healthcare resource utilization analysis has focused on

costly healthcare conditions and chronic health condi-

tions. LSS is one such chronic condition. It has a great

negative impact on quality of life and available treat-

ments vary greatly in terms of costs, degree and duration

of clinical benefit as well as in the span of the

complications associated with such treatments. To date,

much of the research has focused on 2 treatment

options: serial epidural steroid injection and decom-

pression laminectomy surgery.9,15,21–23 While studies

have shown these options are cost-effective, the result is

highly dependent on the level of severity of symp-

toms.9,14,17,22,24,25 Serial ESI’s are cost-effective in early

cases and laminectomy surgery cost-effective for late

cases those with severe symptoms. However, studies

have not evaluated either intervention for moderate

symptom sufferers. Furthermore, no studies have ana-

lyzed the cost-effectiveness of a third treatment option,

mild� in relation to these intervention options.

This analysis aimed to evaluate the cost-effectiveness

of the 3 possible options, ESI, mild� procedure, and

laminectomy surgery for patients who failed the conser-

vative approach. The results demonstrated that for these

patients, when quality of life and the need for repeat

treatment are considered over a 2-year period,mild� is a

cost-effective option and is the optimal intervention of

choice. The laminectomy surgery intervention was not

the preferred option as it both costs more and has a

lower QALY gain then either mild or ESI’s. ESI’s were a

cost-effective option after mild�, but for additional

$37,758 per QALY. Sensitivity analysis demonstrated

that mild� would not be the choice strategy under only

one scenario, if the number of ESI’s in a 2-year period

was reduced to 6 or fewer. However, such patients

represent a minority of LSS patients that are seen in

clinical practice. Most probably, they are at earlier

stages of the disease and should not be compared with

those who have severe symptoms or failed conservative

treatment. Of course, these patients should continue to

be treated with ESI until their symptoms become severe

or fail to respond to ESI. At such time, the mild�

treatment becomes the cost-effective choice.

Our results may be affected by 2 key limitations:

The first limitation of short time horizon was due to

mild� only being a relatively new treatment with

limited longer-term follow-up of patients. As such, we

were only able to extend our time horizon to 2 years,

including only the costs and benefits within this time

frame. LSS is a chronic condition with symptoms that

can last a lifetime without treatment. Because of this,

there is a great opportunity to have even very expen-

sive treatments be cost-effective because of the

potential for large QALY gains when the lifetime is

considered. By limiting our study to just 2 years, the

results might be weighted toward less costly interven-

tions where the cost per QALY gained can be small.

ESI’s are the least costly of all 3 options and have

relatively limited risks; however, the duration their

effectiveness is very short.

While ESI has shown to be cost-effective in previous

studies,14 those patients were early cases with less than

moderate/severe symptoms and may have seen QALY

gains for a longer period before requiring an additional

injection. For patients with moderate to severe symp-

toms however, more frequent injections may be required

and may not result in the same level of relief (and

therefore QALY gained) per injection. If we were to

forecast beyond the 2 years, moderate to severe sufferers

would continue to require frequent injections at a cost

per treatment with only a small QALY gain per

treatment. Additionally, frequent ESI might be associ-

ated with increased morbidities especially in patients at

risk of osteoporosis, diabetic, or hypertensive patients.26

The mild� and surgery options in contrast, while they

have a much higher upfront cost, both interventions

would continue to accrue QALY’s at no additional cost

when we forecast beyond 2 years. As more long-term

outcome data become available for mild�, we strongly

recommended that this analysis is repeated. As it took

several decades of life to get the ligamentum flavum

thickened and buckled enough to cause significant LSS,

we hypothesize that patients who successfully receive

mild� will continue to gain relief and gain quality of life

for several years to come. With this hypothesis, mild�

would continue to have a lower cost per QALY each

subsequent year, while epidural steroid injections cost

per QALY would increase due to the costs associated

continued repeat therapy and the inclusion of costs of
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complications such as osteoporosis, worsening diabetes,

and worsening hypertension associated with the long-

term use of epidural steroid injections.26 We further

hypothesize these additional costs would make epidural

steroid injections strongly dominated by mild� and no

longer a cost-effective option for patients with moderate

to severe symptoms. On the other hand, we hypothesize

that the cost of laminectomy surgery per QALY will

reduce each year the time horizon is extended. However,

owing to surgery’s much higher upfront cost as com-

pared to mild�, its higher complication rate, and the

revision rate, we do not predict its cost per QALY to be

less than that ofmild�, at least in the near future. For all

the above issues, it is important to repeat our analysis in

the future when long-term data on mild� effectiveness

become available.

The second major limitation of this study was the lack

of quality of life data for LSS patients with moderate to

severe symptoms after epidural steroid injection or

surgery. Quality of life gain after epidural steroid

injection was available for those with early “mild”

symptoms. Quality of life after surgery was available for

severe symptom suffers. No studies examined the gain in

quality of life for either intervention for a patient with

moderate/severe symptoms. Because quality of life gain

attributable to a procedure is the difference in quality of

life before the procedure to the quality of life in time

periods after the procedure, gains for early “mild” or

severe symptom sufferers do not translate to moderate

sufferers as quality of life before the procedure is

different for all 3 levels. Furthermore, the distinction

between early “mild”, moderate, and severe symptom

sufferers is arbitrary.

At 2 years for patients with LSS who have failed

conservative therapy, have moderate to severe symp-

toms, and are considered suitable candidates, mild� is a

cost-effective option in terms of QALY gains and costs.

As longer-term quality of life data becomes available, we

anticipate the cost per QALY for mild� to reduce as life

continues to accrue with high quality at little to no

additional cost. Subsequently, we anticipate that epidu-

ral steroid injections might eventually be dominated by

mild� as additional QALY gains are only achieved with

repeat treatment and additional cost under the former

treatment. As further quality of life data becomes

available, expanding this analysis to include patients

with severe symptoms who are not eligible for surgery,

and even eligible surgery patients will be warranted, as

the potential impact on cost and quality of life for these

patients is significant.

CONCLUSIONS

This study demonstrates that for LSS patients who have

moderate to severe symptoms of neurogenic claudica-

tions and have failed conservative therapy, that mild�

procedure is a cost-effective alternative for appropriate

patients rather than continuing with conservative treat-

ment and repeated serial ESI or proceeding to laminec-

tomy surgery.
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