
Background: In this era of escalating health care costs and the questionable effectiveness of multiple 
interventions, cost effectiveness or cost utility analysis has become the cornerstone of evidence-based 
medicine, and has an influence coverage decisions. Even though multiple cost effectiveness analysis 
studies have been performed over the years, extensive literature is lacking for interventional techniques. 
Cost utility analysis studies of epidural injections for managing chronic low back pain demonstrated 
highly variable results including a lack of cost utility in randomized trials and contrasting results in 
observational studies. There has not been any cost utility analysis studies of epidural injections in large 
randomized trials performed in interventional pain management settings.

Objectives: To assess the cost utility of caudal epidural injections in managing chronic low back pain 
secondary to lumbar disc herniation, axial or discogenic low back pain, lumbar central spinal stenosis, 
and lumbar post surgery syndrome.

Study Design: This analysis is based on 4 previously published randomized trials.

Setting: A private, specialty referral interventional pain management center in the United States.

Methods: Four randomized trials were conducted assessing the clinical effectiveness of caudal epidural 
injections with or without steroids for lumbar disc herniation, lumbar discogenic or axial low back pain, 
lumbar central spinal stenosis, and post surgery syndrome. A cost utility analysis was performed with 
direct payment data for a total of 480 patients over a period of 2 years from these 4 trials.  

Outcome included various measures with significant improvement defined as at least a 50% improvement 
in pain reduction and disability status. 

Results: The results of 4 randomized controlled trials of low back pain with 480 patients with a 2 year 
follow-up with the actual reimbursement data showed cost utility for one year of quality-adjusted life 
year (QALY) of $2,206 for disc herniation, $2,136 for axial or discogenic pain without disc herniation, 
$2,155 for central spinal stenosis, and $2,191 for post surgery syndrome. All patients showed significant 
improvement clinically and showed positive results in the cost utility analysis with an average cost per 
one year QALY of $2,172.50 for all patients and $1,966.03 for patients judged to be successful.

The results of this assessment show a better cost utility or lower cost of managing chronic, intractable 
low back pain with caudal epidural injections at a QALY that is similar or lower in price than medical 
therapy only, physical therapy, manipulation, and surgery in most cases. 

Limitations: The limitations of this cost utility analysis include that it is a single center evaluation, even 
though 480 patients were included in the analysis. Further, only the costs of interventional procedures 
and physician visits were included. The benefits of returning to work were not assessed. 

Conclusion:  This cost utility analysis of caudal epidural injections in the treatment of disc herniation, 
axial or discogenic low back pain, central spinal stenosis, and post surgery syndrome in the lumbar spine 
shows the clinical effectiveness and cost utility of these injections at less than $2,200 per one year of QALY.

Key words: Caudal epidural injections, chronic low back pain, lumbar disc herniation, lumbar 
discogenic pain, lumbar spinal stenosis, lumbar post surgery syndrome, cost utility analysis, cost 
effectiveness analysis, quality-adjusted life years
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Due to escalating health care costs and the ques-
tionable effectiveness of multiple interventions, cost 
effectiveness or cost utility analysis has become a cor-
nerstone of evidence-based medicine, clinical practice, 
and health policy (10-12,54-57). Multiple cost effective-
ness analysis studies have been performed over the 
years about managing spinal pain, along with multiple 
systematic reviews (10-12,54-68). In health economics, 
the purpose of a cost utility analysis is to estimate the 
ratio between the cost of a health-related intervention 
and the benefit it produces in terms of the number of 
years lived in full health by the patient receiving the in-
tervention, hence, it can be considered as a special type 
of cost effectiveness analysis; the 2 terms are often used 
interchangeably. In these scenarios, cost is measured in 
monetary units, unlike a cost-benefit analysis in which 
the benefits do not have to be expressed in monetary 
terms. 

Kepler et al (10), conducted a systematic review 
and cost utility analysis in spine care that included 33 
studies. The results showed that these 33 studies as well 
as 60 cost utility ratios published on various aspects of 
spinal care over 30 years varied widely in methodology. 
In these studies, 27 of 60, or 45%, of the cost utility as-
sessments were less than $100,000 per quality-adjusted 
life year (QALY) gain, and 23.3% were greater than 
$100,000-QALY gain. However, only 12% of the stud-
ies contained the 4 key criteria of cost effectiveness 
research recommended by the U.S. panel on cost effec-
tiveness in  health and medicine. In another systematic 
review, Indrakanti et al (11) conducted a  cost utility 
analysis of value-based care in the management of spi-
nal disorders. They selected 27 studies meeting inclusion 
criteria. Studies of nonoperative treatments demon-
strated greater value for graded activity over physical 
therapy and pain management; spinal manipulation 
over exercise; behavioral therapy and physiotherapy 
over advice; and acupuncture and exercise over usual 
general practitioner care. They concluded that the lit-
erature on cost utility for treating spinal disorders was 
limited and highly variable with diverse methodologies 
and results. However, none of these systematic reviews 
included epidural injections. 

Furlan et al (12), in a systematic review and meta-
analysis of the efficacy, cost effectiveness, and safety of 
selected complementary and alternative medicines for 
neck and low back pain, showed that complementary 
and alternative therapies did not significantly reduce 
disability compared to sham therapies. However, 
complementary and alternative medicine treatments 

TThe prevalence of chronic low back pain with or 
without lower extremity pain and health care 
costs in managing chronic pain continues to rise 

at an unsustaineable rate (1-13). With the increasing 
prevalence of chronic persistent low back pain, multiple 
diagnostic and therapeutic modalities are administered 
(13-23). The most invasive modality, surgery, is usually 
performed for the most common diagnoses for low 
back and leg pain: disc herniation, spinal stenosis, and 
degenerative spondylolisthesis (13-16,24-26). Prior 
to surgical intervention, after the failure of surgical 
intervention, and in patients with contraindications 
for surgical intervention, epidural injections are 
administered most commonly, for low back and lower 
extremity pain: disc herniation, spinal stenosis, post 
surgery syndrome and axial or discogenic low back pain 
(5,6,13,17-21).

Among the 3 approaches available to provide 
epidural injections, the caudal approach is commonly 
utilized for all causes of low back and lower extremity 
pain (5,6,13,17-19). In fact, studies of the Medicare pop-
ulation have shown dramatic increases in epidural injec-
tions along with other interventional procedures (5,6). 
Manchikanti et al (6) showed that all interventional 
techniques for chronic pain increased dramatically from 
2000 to 2011 with a 228% overall increase and a 177% 
increase per 100,000 Medicare beneficiaries. Epidural 
injections increased 127% per 100,000 beneficiaries. 
Martin et al (1) evaluated health care expenditures for 
treating back and neck problems in the United States 
in 2005 and found that these expenditures totaled  
approximately $86 billion, with an increase of 65% 
between 1997 and 2005 and a 49% increase in the num-
ber of patients seeking spine-related care. Freburger et 
al (27), in an evaluation of a study from North Carolina, 
showed a significant increase in low back pain from 
3.9% in 1992 to 10.2% in 2006. 

The literature addressing the effectiveness of mul-
tiple interventional techniques in managing chronic low 
back pain continues to emerge (13,17-21,28-47). It has 
been debated in reference to effectiveness, appropri-
ate medical necessity, and indications (13,17-21,48-53). 
Further, among multiple interventions, interventional 
techniques have been the focus of attention for payers, 
public policy health experts, and researchers. While the 
debate continues in reference to the effectiveness of 
interventional techniques, there is a strong desire to 
reduce or eliminate these techniques based on not only 
a lack of clinical effectiveness, but also a lack of cost 
effectiveness. 
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were significantly more efficacious than no treatment, 
placebo, physical therapy, or usual care in reducing pain 
immediately or at short-term. 

Dagenais et al (56) assessed cost of illness studies in 
the United States and internationally (57) as well as cost 
utility evaluations and their role in informed decision-
making concerning interventions for low back pain. In 
their assessment of cost of illness studies (57), they pro-
vided a break down on direct costs. The largest propor-
tion of direct medical costs for low back pain was spent 
on physical therapy (17%) and inpatient services (17%), 
followed by pharmacy (13%) and primary care (13%). 
In their assessment of the role of cost utility evaluations 
(56), their results showed most studies were from the 
United Kingdom and were published 3 years prior to 
their publication in 2009. Based on available data and 
converted to US dollars, they showed that the cost per 
QALY ranged from $304 to $579,527, with a median 
cost of $13,015. 

Among recent assessments evaluating surgical in-
terventions and conservative management, Tosteson et 
al (69) assessed the cost effectiveness of surgery versus 
nonoperative treatment for lumbar disc herniation 
over 2 years based on Spine Patient Outcomes Research 
Trial (SPORT) observational and randomized cohort 
participants. They showed that over a period of 2 
years, surgery was more costly than nonoperative care. 
However, the cost for QALY gained for surgery relative 
to nonoperative care was $69,403 using general adult 
surgery costs and $34,355 using Medicare population 
surgery costs. Tosteson et al (70), based on SPORT data, 
assessed the cost effectiveness of surgical treatment for 
spinal stenosis with and without degenerative spondy-
lolisthesis. The results show stenosis surgery improved 
health to a greater extent than nonoperative care at 
a cost of $77,600 for QALY gained. They also showed 
that degenerative spondylolisthesis surgery significantly 
improved health versus nonoperative care at a cost of 
$115,600 per QALY gained. 

In an evaluation of the cost effectiveness of current 
treatment strategies for lumbar spinal stenosis includ-
ing nonsurgical care, laminectomy, and X-STOP, Burnett 
et al (71) showed that laminectomy was found to be 
the most effective treatment strategy, followed by X-
STOP and then conservative treatment at a 2-year time 
horizon. They showed an incremental cost effectiveness 
of $102,234 for laminectomy and $51,719 for X-STOP. 
Parker et al (72), in an assessment of the cost effective-
ness for lumbar stenosis associated with radiculopathy, 
showed multilevel hemilaminectomy was associated 

with a mean 2-year cost per quality gained of $33,700 
QALY.

Taylor et al (58) demonstrated that the incremen-
tal cost effectiveness of spinal cord stimulation com-
pared with conventional medical management was 
£5,624 per QALY, with an 89% probability that spinal 
cord stimulation is cost effective at a willingness to pay 
threshold of £20,000. They also showed that compared 
with reoperation, the incremental cost effectiveness of 
spinal cord stimulation was £6,392 per QALY, with an 
82% probability of cost effectiveness at £20,000 thresh-
old. However, Hollingworth et al (60) in an analysis of 
the cost effectiveness of spinal cord stimulation for 
failed back surgery syndrome in a workers’ compensa-
tion population, showed that the mean medical cost 
per spinal cord stimulation patient over 24 months was 
$52,091, which was $17,291 higher than the pain clinic 
group and $28,128 higher than in the usual care group.

Consequently, there is a wide variability that ex-
ists in cost effectiveness and cost utility analysis and 
interpretation of the data, not only with surgery and 
other interventions, but also with pharmacotherapy 
(10-12,56,58-72). Even though it has been done very 
ineffectively, the cost effectiveness of epidural steroid 
injections to manage chronic low back pain has been 
performed (61-66,68). 

In early evaluations, Price et al (62) showed inter-
laminar epidural injections to lack cost effectiveness. 
They showed that the charge to purchaser for realizing 
an improvement at 3 weeks in one patient based on 
the trial protocol was £16,816 to £23,963 depending 
on the number of epidural steroid injections needed 
to treat assumed as 8 to 11.4. If only one epidural was 
provided, the total charge to purchasers to improve 
one patient at 3 weeks was £7,936 to £11,306. In con-
trast, Manchikanti et al (68), comparing the 3 routes of 
epidural steroid injections for low back pain utilizing 
fluoroscopically directed caudal epidural injections and 
blind lumbar interlaminar epidural injections, along 
with transforaminal epidural injections, showed the 
cost per one year of improvement in quality of life 
was $3,635 and $2,927 for caudal and transforaminal 
epidural injections compared to $6,024 for blind inter-
laminar epidural injections per one year of improve-
ment of quality of life. In another study, Manchikanti 
et al (66) reported the cost for one year improvement 
of quality of life was $2,550 in 2001. 

Whynes et al (61) evaluated 39 patients over a 
period of 13 weeks showed QALY gain. Based on mod-
elled resource use and data from other studies, the 
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mean cost of an injection was estimated at £219 (SD 83). 
The cost utility ratio of 2 injections amounted to £8,975 
per QALY gained. They concluded that when provided 
in an outpatient setting, epidural steroid injections are 
a short-term, but nevertheless cost effective, means of 
managing chronic low back pain. 

However, in multiple studies these procedures 
were not performed in contemporary interventional 
pain management settings, or were performed without 
fluoroscopy and included only short-term evaluations 
or an inappropriate provision of the procedures. 

Thus, the current evaluation is being undertaken to 
produce valid, and reliable, cost utility information for 
caudal epidural injections in managing disc herniation 
and radiculitis, spinal stenosis, post surgery syndrome, 
and axial or discogenic pain without facet joint pain or 
disc herniation and radiculitis based on 4 randomized 
trials that had a 2 year follow-up (40-43).

Methods

Study Design:
The cost utility analysis was performed from 4 

double-blind, randomized controlled trials evaluating 
caudal epidural injections (40-43). The study design and 
methodology is described in the manuscripts (40-43). 
In short, patients underwent caudal epidural injections 
after the failure of conservative management based 
on a diagnosis of lumbar disc herniation or radiculitis, 
lumbar central stenosis, lumbar post surgery syndrome, 
and axial or discogenic pain. Patients were also assessed 
using controlled diagnostic blocks for potential facet 
joint or sacroiliac joint pathology for diagnosing axial 
or discogenic etiology. All the randomized trials were 
performed with Institutional Review Board approval 
in a contemporary interventional pain management 
setting in the United States. The clinical data was pro-
spectively acquired as part of these RCTs.

All patients were provided with drug therapy and 
a structured exercise program as indicated. Caudal 
epidural injections were performed in an ambulatory 
surgery center. The protocols were registered on the 
US Clinical Trial Registry with an assigned number of 
NCT00370799.

Analysis:
There were 120 patients in the studies assessing 

disc herniation and radiculitis (40) and axial low back 
pain without disc herniation or discogenic pain (43). 
There were 100 patients in the central spinal stenosis 

assessment (41), whereas there were 140 patients with 
70 patients in each group in the post lumbar surgery 
syndrome study (42). All the patients were divided 
equally in each study into 2 groups who either received 
local anesthetic alone or received local anesthetic with 
steroids. 

All costs assessed are based on actual reimburse-
ment for the facility and physician services during the 
study period, which lasted from August 2006 through 
December 2011.

Outcome Measures:
Pain was assessed with the numeric rating scale 

(NRS) (0 to 10) whereas function was assessed by the 
Oswestry Disability Index (ODI) (0 to 50) scale. Other 
assessments included employment status and opioid 
intake in terms of morphine equivalence. All outcomes 
were assessed at 3, 6, 12, 18, and 24 months posttreat-
ment. The reliability of the NRS and ODI have been 
established (73,74). In all the evaluations, robust mea-
sures of improvement with significant pain relief and 
reduced disability status of 50% or more was utilized 
(40-43,47,75-84). Consequently, any other response 
that was less than 50% combined was considered as a 
failure. 

Statistical Analysis 
Sample sizes were determined appropriately for all 

4 studies. The same statistical methodology was utilized 
for all the studies. An intent-to-treat analysis was also 
applied for all studies. 

Cost Utility Analysis:
Using reimbursement data, we examined medical 

costs for 24 months postenrollment. The reimbursement 
data included payments for physician assessment for 
each visit, and facility expenses for all procedures. We 
used actual reimbursement amounts during the study 
periods. We have not considered the cost of oral drugs 
utilized outside the interventions since the majority of 
the patients were on higher doses of these drugs prior 
to. If pretreatment versus posttreatment costs of oral 
medications are calculated, we posit that there will be 
substantial gains. 

We used quality of life improvement per year (52 
weeks) for 2 years (104 weeks) based on the costs of 
caudal epidural injections and primary outcomes of 
significant pain relief and improvement in function of 
50%. There was no discounting of costs as has been 
used by other investigators (60).  



www.painphysicianjournal.com 	 E133

Cost Utility Analysis of Caudal Epidural Injections

We compared the unadjusted mean costs per pa-
tient for 4 condition groups. Both groups in each study 
(local anesthetic alone or with steroids) were combined 
for each condition since  there were no significant 
differences at the end of 2 years in reference to the 
primary outcome measures. Thus, an incremental cost 
effectiveness analysis was not performed since there 
was only one group for each condition.

Employment was not utilized in this analysis. 

Results 

Patient Flow
Figure 1 illustrates the patient flow characteristics 

of all 4 studies. 

Outcomes 
Table 1 shows the baseline demographic and clini-

cal data for each condition. Table 2 shows comparison 
summaries of NRS for pain and ODI score for function 
at 6 time points. Figure 2 shows the combined improve-
ment with significant reduction in NRS and ODI. Table 3 
shows employment characteristics. In all 4 groups there 
was significant improvement in overall employment 
compared to baseline with an increase of 82 to 117 
among the patients who were employable.

Adverse Events 
There were no major adverse events reported 

over the 2-year study period in any of the 480 
participants. 

Fig. 1. Patient flow diagram of  4 trials.
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•  �140 patients included in 
analysis 
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Table 1. Analysis of  cost effectiveness of  caudal epidural injections in managing pain and disability of  disc herniation, axial or 
discogenic pain, spinal stenosis, and post surgery syndrome.

Disc Herniation Axial or 
Discogenic Pain

Spinal Stenosis Post Surgery 
Syndrome

Pooled 

Number of patients 120 120 100 140 480

Age 49 ± 14.3 46 ± 14.5 56 ± 15.1 50 ± 13.3 49 ± 14.8

Gender (M/F) 29.2% / 70.8% 35.0% / 65.0% 41.0% / 59.0% 45.0% / 55.0% 37.7% / 62.3%

Duration of Pain (Months) 96 ± 86.0 87 ± 84.2 100 ± 75.0 157 ± 109.2 112 ± 95.3

Onset of the Pain (gradual) 65% 62% 75% 60% 62%

Low Back Pain Distribution
(bilateral) 83% 71% 75% 79% 74%

Table 2. Pain relief  and functional assessment evaluated by Oswestry Disability Index characteristics.

Numeric Rating Score
Disc  Herniation

Axial or 
Discogenic Pain

Spinal  Stenosis
Post Surgery  

Syndrome
Pooled 

Baseline 8.0 ± .93 7.9* ± .96 7.8 ± .89 7.8 ± .94 7.9 ± .93

6 months 3.9* ± 1.66
(73%)

3.7* ± 1.75
(79%)

4.2* ± 1.79
(57%)

4.2* ± 1.82
(63%)

4.0 ± 1.76
(68%)

12 months 4.1* ± 1.70
(68%)

3.8* ± 1.76
(73%)

4.4* ± 1.90
(47%)

4.3* ± 1.81
(59%)

4.1 ± 1.80
(62%)

24 months 4.2* ± 1.82
(61%)

3.9* ± 1.81
(66%)

4.5* ± 1.88
(43%)

4.4* ± 1.87
(52%)

4.2 ± 1.85
(56%)

Oswestry Disability Index

Baseline 28.3 ± 4.86 28.6 ± 4.72 29.0* ± 4.45 29.4 ± 5.26 28.8 ± 4.87

6 months 15.3* ± 7.04
(68%)

14.6* ± 7.06
(73%)

17.0* ± 7.67
(52%)

17.0* ± 6.91
(59%)

16.0* ± 7.20
(63%)

12 months 15.4* ± 6.91
(64%)

14.2* ± 7.09
(71%)

17.2* ± 7.69
(47%)

17.0* ± 6.98
(58%)

16.0* ± 7.22
(60%)

24 months 15.7* ± 7.09
(59%)

14.6* ± 7.30
(65%)

17.3* ± 7.43
(44%)

17.2* ± 7.08
(52%)

16.2* ± 7.28
(55%)

* significant difference with baseline values (P < 0.001)
(____) illustrates proportion with significant pain relief (≥ 50%) from baseline 

Fig. 2. Proportion of  patients with significant reduction in Numeric Rating Score and Oswestry Disability Index (≥ 50% 
reduction from baseline).
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Cost Utility Analysis
Cost utility analysis was based on the quality of life 

improvement and cost for procedure per QALY based 
on the primary outcomes of pain relief and improve-

ment in functional status (Table 4). 
The results show an average cost per procedure of 

$444.90. The cost for one week improvement in quality 

Table 3. Employment characteristics. 

Employment Status Disc 
Herniation

Axial or 
Discogenic  Pain

Spinal  Stenosis
Post Surgery  

Syndrome
Pooled 

Baseline 24 mos. Baseline 24 mos. Baseline 24 mos. Baseline 24 mos. Baseline 24 mos.

Employed part-time 6 7 8 8 2 2 3 3 19 20

Employed full-time 16 29 17 32 11 13 19 23 63 97

Unemployed 13 5 15 2 3 1 4 3 35 11

Off work due to pain 1 1 1 1 2 1 3 1 7 4

Total Employed 22 36 25 40 13 15 22 26 82 117*

Eligible for employment 36 36 41 41 18 18 29 29 124 124

Housewife 12 6 10 7 6 6 3 3 31 22

Disabled 62 62 55 56 48 48 85 84 250 250

Over 65 year of age 10 10 14 14 28 29 23 23 75 76

Total Number of Patients 120 120 120 120 100 100 140 140 480 480

* significant difference with baseline values (P < 0.001)

Table 4. Analysis of  cost effectiveness of  caudal epidural injections in managing pain and disability of  disc herniation, discogenic 
pain, spinal stenosis, and post surgery syndrome in 480 patients.

Disc 
Herniation

Axial or 
Discogenic 

Pain

Spinal 
Stenosis

Post Surgery 
Syndrome

Total 

Number of patients 120 120 100 140 480

Total number of procedures for 2 years 601 647 400 696 2344

Number of treatments for 2 years per patient (mean ) ± SD 5.0 ± 2.55 5.4 ± 2.63 4.0 ± 2.57 5.0 ± 2.76 4.9 ± 2.67

Number of weeks with significant improvement for all 
patients in the study in weeks for 2 years 6294 7254 4305 7096 24949

Significant improvement in weeks per procedure (mean) 
± SEM 9.4 ± 7.23 10.7 ± 8.25 9.7 ± 13.54 8.4 ± 6.14 9.5 ± 8.92

Number of weeks with significant improvement per 
patient for 2 years 52.5 ± 38.46 60.4 ± 37.71 43.1 ± 41.52 50.7 ± 38.71 52.0 ± 39.33

Total Cost ($)

Physician $74,761.00 $81,729.00 $45,944.00 $88,776.00 $291,210.00

Facility $192,225.00 $216,268.00 $132,468.00 $210,168.00 $751,129.00

Total $266,986.00 $297,997.00 $178,412.00 $298,944.00 $1,042,339.00

Cost per procedure ($)

Physician $124.40 $126.30 $115.10 $127.60 $124.30

Facility $319.80 $334.30 $332.00 $302.00 $320.60

Total $444.20 $460.60 $447.10 $429.50 $444.90

Cost per 1-week QALY ($) $42.42 $41.08 $41.44 $42.13 $41.78 

Cost per 1-year QALY ($) $2,205.79 $2,136.18 $2,155.03 $2,190.68 $2,172.50 

Cost per 2-year QALY ($) $4,411.59 $4,272.36 $4,310.07 $4,381.37 $4,344.99 

Average Total cost per patient for 2 years $2,225.00 $2,483.00 $1,784.00 $2,135.00 $2,172.00 
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of life was $41.78 with improvement for one year at 
$2,172.50, whereas it was $4,344.99 for a 2-year QALY. 
The total cost of the procedures at 2 years was on av-
erage $2,171.54. There was no significant difference 
noted among the groups with reference to cost or cost 
utility. 

Further, an assessment of the cost utility of only 
successful patients, those who responded to the initial 
2 injections with at least 3 weeks of relief, was $37.81 
per week, $1,966.03 for one year, and $3,932.06 for 2 
years for QALY (Table 5). 

Discussion

This cost utility analysis of caudal epidural injec-
tions involved 4 randomized controlled trials with 480 
patients with 2 years of follow-up.  We used the actual 
reimbursement data and studied patients in chronic 
pain after failure of conservative management, either 
secondary to disc herniation, axial or discogenic pain 

without facet joint pain or disc herniation, central 
spinal stenosis, or post lumbar surgery syndrome,.  Our 
analysis demonstrated a cost utility for one year of qual-
ity adjusted life at $2,206 for disc herniation, $2,136 for 
axial or discogenic pain without disc herniation, $2,155 
for central spinal stenosis, and $2,191 for post surgery 
syndrome. There was no difference in cost effective-
ness in disc herniation and discogenic pain compared 
to spinal stenosis and post lumbar surgery syndrome. 
Thus, all patients showed significant improvement, 
clinically and in cost utility. However, the number of 
procedures performed per patient was somewhat less 
for the spinal stenosis group compared to the other 3 
conditions. However, an analysis of only the successful 
group of patients shows a higher average significant 
improvement per week, as well as total improvement 
for a 2-year period in all groups. This also increases 
the average number of procedures over 2 years, with 
spinal stenosis patients receiving overall significantly 

Table 5. Analysis of  the cost effectiveness of  caudal epidural injections in managing pain and disability of  disc herniation, 
discogenic pain, spinal stenosis, and post surgery syndrome in successful group with 357 of  480 patients.

Disc 
Herniation

Axial or 
Discogenic 

Pain

Spinal 
Stenosis

Post Surgery 
Syndrome

Total 

Number of patients 78 97 74 108 357

Total number of procedures for 2 years 472 593 357 648 2070

Average number of treatments for 2 years per patient 
(mean  ± SD) 6.1 ± 2.2 6.1 ± 2.3 4.8 ± 2.4 6.0 ± 2.3 5.8 ± 2.3

Number of weeks with significant improvement for all 
patients in the study in weeks for 2 years 5697 7120 4213 7022 24052

Significant improvement in weeks per procedure (mean) 
± SEM 12.8 ± 6.5 12.8 ± 7.7 12.8 ± 14.6 10.5 ± 5.3 12.1 ± 8.9

Number of weeks with significant improvement per 
patient for 2 years 73.0 ± 28.06 73.4 ± 29.31 56.9 ± 39.30 65.0 ± 32.17 67.4 ± 32.73

Total Cost ($)

Physician $57,470.00 $73,058.00 $41,307.00 $82,624.00 $254,459.00

Facility $150,361.00 $190,814.00 $120,072.00 $193,658.00 $654,905.00

Total $207,831.00 $263,872.00 $161,379.00 $276,282.00 $909,364.00

Cost per procedure ($)

Physician $121.80 $125.10 $116.00 $127.50 $123.50

Facility $318.60 $326.70 $337.30 $298.90 $317.90

Total $440.30 $451.80 $453.30 $426.40 $441.40

Cost per 1-week QALY ($) $36.48 $37.06 $38.31 $39.35 $37.81 

Cost per 1-year QALY ($) $1,897.00 $1,927.16 $1,991.86 $2,045.95 $1,966.03 

Cost per QALY ($) $3,794.00 $3,854.31 $3,983.72 $4,091.90 $3,932.06 

Average total cost per patient for 2 years $2,665.00 $2,720.00 $2,181.00 $2,558.00 $2,547.00 
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fewer procedures compared to all other groups. Over-
all, significant improvement per procedure was 12.1 ± 
8.9 weeks in the successful group, whereas it was 9.5 ± 
8.92 weeks when all patients were combined. Overall 
average relief was 67.4 ± 32.7 weeks in the successful 
group whereas it was 52.0 ± 39.33 weeks when all pa-
tients were combined. Cost for one week improvement 
in QALY was $37.81 versus $41.78; for one year it was 
$1,966.03 versus $2,172.50; and for 2 years it was $2,547 
in the successful group versus $2,172 in the combined 
group.

The cost effectiveness and utility of all spinal inter-
ventions has been questioned. In assessing the costs and 
cost effectiveness of spinal cord stimulation for failed 
back surgery syndrome, Hollingworth et al (60) showed 
that the high procedure cost of spinal cord stimulation 
was not counterbalanced by lower costs of subsequent 
care, and therefore spinal cord stimulation was not cost-
effective. They showed a mean medical cost per spinal 
cord stimulation patient over 24 months was $52,091 
which was $17,291 higher than a pain clinic group and 
$28,128 higher than a usual care group. However, in 
contrast, Taylor et al (58), utilizing a United Kingdom 
National Institute for Health and Care Excellence (NICE) 
cost effectiveness analysis, and analyzing the impact on 
cost effectiveness, showed the incremental cost effec-
tiveness of spinal cord stimulation compared with con-
ventional medical management was £55,624 per QALY 
year. They considered that utilizing a £20,000 threshold 
for spinal cord stimulation was cost effective. 

Price et al (62) showed epidural injections to be 
extremely cost ineffective. In contrast, Manchikanti et 
al (66,68) showed significant cost utility with less than 
$3,000 per QALY improvement with caudal epidural 
injections. Whynes et al (57) also showed cost effective-
ness of £8,975 per QALY. In patients with more than 3 
months of nonspecific low back pain severe enough to 
lead to disability, physical therapy had an incremental 
cost effectiveness of $4,594/QALY relative to brief pain 
management with a greater than 83% probability of 
being cost effective at a willingness to pay threshold of 
£10,000 or $15,930/QALY in patients with less than 12 
weeks of nonspecific low back pain (85). In other stud-
ies, adding a community-based active exercise compo-
nent to education had a cost effectiveness of $8,650/
QALY over education alone (86) in managing persistent 
low back pain lasting over 3 months. In another study, 
individual physiotherapy had a favorable cost utility of 
$2,216/QALY over spinal stabilization physiotherapy 
(87). In another study, physiotherapy was more cost ef-

fective than advice alone at a cost utility of $6,379/QALY 
for patients with greater than 6 weeks of low back pain 
(88). Based on these assessments, spinal manipulation 
appears to be the most cost effective intervention, fol-
lowed by manipulation and community exercise being 
the best care for patients with longer than 4 weeks of 
low back pain (89). 

Multiple studies have compared the cost utility of 
operative lumbar discectomy compared with nonop-
erative care. Among the studies comparing the relative 
cost utility of operative versus nonoperative studies 
was one for lumbar disc herniation, in which operative 
care demonstrated a significant incremental benefit 
and outcome advantage over nonoperative care in all 4 
studies and clear cost effectiveness compared with non-
operative care in 3 of 4 studies. In inflation-adjusted 
2010 US dollars, surgery relative to nonoperative care 
was estimated at an incremental cost-utility ratio (ICUR) 
of $80,160/QALY (69), ICUR of $4,891/QALY (69,90), and 
ICUR of $44,089/QALY (91). One study evaluated the 
cost savings to society, demonstrating a cost saving of 
more than $4,000 for early operative care compared 
with nonoperative care (92). In an assessment of the 
SPORT data, Tosteson et al (70) showed that spinal 
stenosis surgeries improved health to a greater extent 
than nonoperative care at a cost of $77,600 per QALY 
gained. They also showed that degenerative spondy-
lolisthesis surgery significantly improved health versus 
nonoperative care at a cost of $115,600 per QALY 
gained. 

In a cost effectiveness study of multilevel laminec-
tomy, Parker et al (72) showed that multilevel hemilam-
inectomy was associated with a mean 2-year cost per 
QALY gained of $33,700. In comparing the cost effec-
tiveness of multiple strategies for lumbar spinal stenosis 
with either nonsurgical care, laminectomy, or X-STOP, 
Burnett et al (71) showed laminectomy to be the most 
effective treatment strategy, followed by X-STOP and 
then conservative treatment at a 2-year time horizon. 
While it was difficult to assess the overall costs, they 
showed that cost per QALY added by both laminectomy 
and X-STOP was within accepted modern norms, with 
incremental cost per QALY of about $50,000 more for 
single-level laminectomy than for X-STOP under the 
study parameters.

Nonoperative care for the management of nonspe-
cific lumbar degenerative disorders such as failed back 
surgery syndrome and nonspecific chronic low back 
pain lasting over 12 months is favored over nonspecific 
operative strategies (11). The ICUR for operative care 
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was $77,930/QALY (93) with less than 20% probability 
of being cost effective at £30,000 ($47,835/QALY). At 
a willingness to pay threshold of $45,000 QALY (55) 
established by NICE, 2 of the studies (69,93) indicated 
favorable cost utility of surgery over nonoperative care, 
whereas the other 2 studies (90,91) supported nonop-
erative care over operative interventions. Other studies 
assessing the cost utility of operative care showed cir-
cumferential fusion was cost effective compared with 
posterolateral fusion with an ICUR of $49,306/QALY; it 
costs less and provides greater utility more than 80% of 
the time in patients with ischemic spondylolisthesis or 
primary/secondary disc herniation (94). 

In a value-based health care economy, the preferred 
goal for health care delivery is superior patient value 
(11,95). Consequently, using the interventions that pro-
vide the most value to patients is essential for achieving 
this high standard of patient care. The cost utility of 
an intervention may be used to identify interventions 
that provide the most benefit to patients as measured 
by patient-centered outcome measures while incurring 
the least expense. The outcome measures used in cost 
effectiveness analysis studies in chronic pain research 
mainly include outcomes, such as disability days saved, 
pain-free days, or improved quality of life (96). Evalua-
tion of the quality of life, which is also known as func-
tional status, includes health status, or health-related 
quality of life; well being of the patient; satisfaction 
with care; health service utilization/economic analysis; 
and medical findings (97). The quality of life assessment 
is designed to evaluate the patient’s ability to function 
in his or her own world. Physical function measures the 
ability to perform physical activities such as walking, 
climbing stairs, or carrying things. 

This evaluation reaffirms the cost utility of caudal 
epidural injections in patients with chronic pain at less 
than $2,200 per QALY for any of the low back condi-
tions studied. This cost utility is less than some medical 
therapies, surgical interventions, physical therapy, and 
manipulation (55,69-72,85-94). 

Maas et al (98) designed a cost effectiveness study 
of minimal interventional procedures for chronic me-
chanical low back pain which included 4 randomized 
controlled trials with an economic evaluation. However, 
the results of this study are not available yet. 

Limitations of this analysis include the fact that 
only the actual cost of the medical care was utilized. 
Other medical costs or benefits derived, including a 
return to work, have not been utilized. This evaluation 
shows that there were 82 patients were employed from 

124 patients at baseline, whereas, at the end 117 of 124 
employable were employed increasing the employment 
from 66.1% to 94.3%. Thus, calculating the number of 
individual employed with an average salary of $34,000 
in McCracken County or $40,000 in Kentucky, the salary 
benefits alone in these patient will exceed $1 million 
equivalent or higher than the total expenditures for 
all the procedures in these patients. Thus, cost utility is 
achieved even without considering improvement in all 
other patients who have not returned to work. Further, 
we were unable to carry out an incremental cost utility 
ratio analysis due to insignificant differences in both 
groups since these trials were active-control trials. 

However, incorporating additional costs as il-
lustrated in multiple studies does not exceed $2,000 
in both surgical groups and the nonoperative care 
groups (69,70). We estimated our cost of drug therapy 
is less than what has been shown in the past (69,70). 
The average costs of drug therapy, including insurance 
payments, in these patients ranges from $500 to a maxi-
mum of $2,400 over a period of 2 years, thus adding 
$1,200 at the most to each patient and most likely a 
QALY of one year. 

Some investigators have used difficult to under-
stand methodologies to calculate the economic impact 
of spinal disorders (99). Dagenais et al (100) described 
a case of an executive with high income and dispro-
portionately excessive charges for treatments received 
show a nonoperative cost of $53,595 for one attack 
of acute radiculitis with each transforaminal epidural 
injection costing $2,500. The hypothetical patient in 
this article received 2 transforaminal epidural injec-
tions, along with 4 weeks of physical therapy and $200 
worth of opioids. Even though the authors state this 
to be a realistic example, based on the results of our 
evaluation, they are excessive. However, challenging in-
terpretation of data is not new in medicine, particularly 
in interventional pain management (13,48-53,99,100). 

Cost utility analysis or cost effectiveness analysis 
are forms of financial analysis used to guide procure-
ment decisions. In health economics, the purpose of 
cost utility analysis is to estimate the ratio between the 
cost of a health-related intervention and the benefit it 
produces in terms of the number of years lived in full 
health by the beneficiaries. Consequently, it is consid-
ered a special case of cost effectiveness analysis, and 
the 2 terms are often used interchangeably. The incre-
mental cost effectiveness ratio is the ratio between the 
difference in costs and the difference in benefits of 2 
interventions. As with any system financing health care, 
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countries have a limited budget and a vast number of 
potential spending options. Consequently, choices must 
be made as how this limited budget is spent and control 
the escalating costs. By comparing cost effectiveness in 
terms of health quality gained for the money that is 
spent, decisions can be made about treatment options 
that provide the most efficient results. 

NICE, the National Institute for Health and Clinical 
Excellence (55) in the United Kingdom, recently was 
changed from a special authority to a nondepartmental 
public body. NICE attempts to assess the cost effective-
ness of potential expenditures within the National 
Health Services  to assess whether or not they represent 
“better value” for money than treatments that would 
be neglected if the expenditures took place. It also as-
sesses the cost effectiveness of new treatments by ana-
lyzing the cost and benefit of the proposed treatment 
relative to the next best treatment that is currently 
in use. NICE utilizes the QALY to measure the health 
benefits delivered by a given treatment regimen. 
When combined with the relative cost of treatments, 
this information can be used to form an incremental 
cost effectiveness ratio to allow comparing a suggested 
expenditure against current resource use at the margin 
or cost effectiveness threshold. As a guideline rule, NICE 
accepts as cost effective those interventions with an in-
cremental cost effectiveness ratio of less than £20,000 
per QALY and that there should be increasingly strong 
reasons for accepting as cost-effective interventions 
with an incremental cost effectiveness ratio or thresh-
old of £30,000 per QALY. The work that NICE is involved 
with has attracted the attention of many groups, includ-
ing doctors, the pharmaceutical industry, and patients. 
Consequently, NICE is often associated with controversy 
because the need to make decisions at a national level 
can conflict with what is or what is not believed to be in 
the best interest of an individual patient. Interventional 
pain management has taken center stage under NICE. 

In the United States, there is no organization such 
as NICE to calculate the cost effectiveness. In fact, many 
of the regulations state that cost effectiveness is not 
to be taken into consideration, but common sense 
dictates that these are being used based on budgetary 
constraints. 

These cost utility analyses are based on reimburse-
ments for physician and facility charges in an ambula-
tory surgery center setting in a contemporary interven-
tional pain management facility. Thus, this may not 
be generalizable to all settings and all populations. It 
is estimated that costs of this analysis may be approxi-

mately 30% to 40% higher in a hospital setting and 
approximately 20% lower in an office setting. Overall 
this cost utility analysis shows lower costs with caudal 
epidural injections than various other therapies includ-
ing medical therapy in most cases. 

Conclusion

This cost utility analysis of caudal epidural injec-
tions in the treatment of disc herniation, axial or dis-
cogenic low back pain, central spinal stenosis, and post 
lumbar surgery syndrome shows clinical effectiveness 
and cost utility at less than $2,200 per one year of QALY.
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