
Background: Caudal epidural injection of local anesthetics with or without steroids is one of 
the most commonly used interventions in managing chronic low back and lower extremity pain. 
However, there has been a lack of well-designed randomized, controlled studies to determine the 
effectiveness of caudal epidural injections in various conditions — disc herniation and radiculi-
tis, post-lumbar laminectomy syndrome, spinal stenosis, and chronic low back pain of disc origin 
without disc herniation or radiculitis. 

Study Design: A systematic review of caudal epidural injections with or without steroids in 
managing chronic pain secondary to lumbar disc herniation or radiculitis, post lumbar laminecto-
my syndrome, spinal stenosis, and discogenic pain without disc herniation or radiculitis.

Objective: To evaluate the effect of caudal epidural injections with or without steroids in managing 
various types of chronic low back and lower extremity pain emanating as a result of disc herniation or 
radiculitis, post-lumbar laminectomy syndrome, spinal stenosis, and chronic discogenic pain. 

Methods: A review of the literature was performed according to the Cochrane Musculoskele-
tal Review Group Criteria as utilized for interventional techniques for randomized trials and the 
Agency for Healthcare Research and Quality (AHRQ) criteria for observational studies.

The level of evidence was classified as Level I, II, or III based on the quality of evidence developed 
by the U.S. Preventive Services Task Force (USPSTF). 

Data sources included relevant literature of the English language identified through searches of 
PubMed and EMBASE from 1966 to November 2008, and manual searches of bibliographies of 
known primary and review articles. 

Outcome Measures: The primary outcome measure was pain relief (short-term relief = up to 6 
months and long-term ≥ 6 months). Secondary outcome measures of improvement in functional 
status, psychological status, return to work, and reduction in opioid intake were utilized.

Results: The evidence showed Level I for short- and long-term relief in managing chronic low 
back and lower extremity pain secondary to lumbar disc herniation and/or radiculitis and disco-
genic pain without disc herniation or radiculitis. The indicated evidence is Level II-1 or II-2 for cau-
dal epidural injections in managing low back pain of post-lumbar laminectomy syndrome and 
spinal stenosis. 

Limitations: The limitations of this study include the paucity of literature, specifically for chron-
ic pain without disc herniation.

Conclusion: This systematic review shows Level I evidence for relief of chronic pain secondary 
to disc herniation or radiculitis and discogenic pain without disc herniation or radiculitis. Further, 
the indicated evidence is Level II-1 or II-2 for caudal epidural injections in managing chronic pain 
of post lumbar laminectomy syndrome and spinal stenosis.

Key words: Chronic low back pain, lower extremity pain, lumbar disc herniation, lumbar ra-
diculitis, lumbar discogenic pain, post lumbar laminectomy or surgery syndrome, spinal stenosis, 
caudal epidural injections, steroids, local anesthetic
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quiring relatively high volumes. They have also been 
shown to be significantly effective compared to inter-
laminar epidural injections (1,41). Even then, contro-
versy continues with regards to the medical necessity 
and indications of lumbar epidural injections. Multiple 
systematic reviews, guidelines, health technology as-
sessments, and local medical review policies and cov-
erage decisions, have been published (36-43). The evi-
dence is highly variable from indeterminate to strong 
in various publications. Further, the benefit and most 
effective route of administration for epidural steroids 
remains controversial. 

The underlying mechanism of action of epidur-
ally administered steroid and local anesthetic injec-
tions is still not well understood. It is believed that the 
achieved neural blockade alters or interrupts nocicep-
tive input, reflex mechanism of the afferent fibers, 
self-sustaining activity of the neurons, and the pat-
tern of central neuronal activities (1,44,45). Further, 
corticosteroids have been shown to reduce inflamma-
tion by inhibiting either the synthesis or release of a 
number of pro-inflammatory mediators and by caus-
ing a reversible local anesthetic effect (44-54). In con-
trast, local anesthetics have been described to provide 
short- to long-term symptomatic relief by suppression 
of nociceptive discharge (55-57), the block of axonal 
transport (58,59) of the sympathetic reflex arch (56), 
the block of sensitization (60), and anti-inflammatory 
effect (61). The long-lasting effect of local anesthet-
ics in nerve blocks has been demonstrated in multiple 
studies (62-71). Sato et al (67) evaluated the prolonged 
analgesic effect of epidural bupivacaine in a rat model 
of neuropathic pain and concluded that repetitive ad-
ministration of bupivacaine into the epidural space in 
rats exerts an analgesic effect, possibly by inducing a 
plastic change in nociceptive input. Further, Tachihara 
et al (72) showed in rats that nerve root infiltration 
prevented mechanical allodynia, however, no addi-
tional benefit from using corticosteroid was identi-
fied, suggesting that corticosteroid may be unneces-
sary for nerve root blocks. 

Due to the multitude of conflicting opinions and 
controversy, this systematic review was undertaken to 
evaluate the clinical effectiveness of caudal epidural 
steroid injections and related complications in mul-
tiple conditions treated with caudal epidural injec-
tions including low back and/or lower extremity pain 
secondary to disc herniation, discogenic pain, spinal 
stenosis, and post lumbar surgery syndrome. 

Among chronic pain disorders, low back pain 
arising from various structures of the spine 
constitutes the majority of problems (1). The 

lifetime prevalence of chronic low back pain has been 
reported as high as 80% with an annual prevalence 
ranging from 15% to 45%, with a point prevalence of 
30% (1-7). Studies of the prevalence of low back pain 
(6) and its impact on general health showed 25% of 
patients reporting Grade II to IV low back pain with 
high pain intensity with disability. Historically, even 
though back pain research has primarily focused on 
younger, working adults, and disc herniation, now 
there is clear evidence that back pain is one of the most 
frequent complaints in older persons (2,8,9), and is an 
independent correlate of functional limitations (8,10). 
Further, low back pain is associated with a significant 
economic, societal, and health impact (11,12).

Kuslich et al (13) identified intervertebral discs, 
facet joints, ligaments, fascia, muscles, and nerve root 
dura as tissues capable of transmitting pain in the low 
back. The human intervertebral disc in the lumbar 
spine has been known to cause low back and lower 
extremity pain secondary to disc disruption, disc herni-
ation, and nerve root compression (14-31). Nerve root 
compression may be caused by disc herniation, spinal 
stenosis, and osteoarthritis. Chemical radiculitis and 
residual pain after surgical interventions, also known 
as post surgery syndrome, are also common factors in 
the causation of low back and lower extremity pain 
related to the disc (27-31). 

Epidural injections for managing chronic low back 
pain are one of the most commonly performed inter-
ventions in the United States (1,32-41). Friedly et al 
(39) reported multiple diagnostic codes used for epi-
dural steroid injections as sciatica, radiculopathy, or 
herniated discs, and axial low back pain and spinal 
stenosis. The authors concluded that there is a lack of 
consensus regarding the indications for epidural ste-
roid injections and is cause for concern given the large 
expenditures for these procedures. 

Epidural injections in the lumbar spine are pro-
vided by caudal, lumbar interlaminar, or transforami-
nal routes. While interlaminar entry is considered to 
deliver the medication closely to the assumed site of 
pathology, the transforaminal approach is considered 
as target-specific requiring the smallest volume to 
reach the primary site of pathology. Caudal epidurals 
are considered as the safest and easiest, with minimal 
risk of inadvertent dural puncture, even though re-
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Methods

Literature Search 
A comprehensive literature search was conduct-

ed which included the search of databases including 
PubMed and EMBASE from 1966 through November 
2008, Cochrane database, Clinical Trial Registry, sys-
tematic reviews, narrative reviews, and cross-referenc-
es to the reviews published in the English language.

The search strategy emphasized chronic low back 
pain of discogenic origin with a focus on caudal epidu-
ral injections. Search terminology included lumbar in-
tervertebral disc, disc-related pain, spinal stenosis, post 
surgery syndrome, and caudal epidural injections. 

Selection Criteria 
The review focused on randomized and observa-

tional studies, and reports of complications. The popu-
lation of interest was patients suffering with chronic 

low back pain for at least 3 months. Only caudal epi-
dural injections with or without steroids were evalu-
ated. All the studies providing appropriate manage-
ment with outcome evaluations of 6 months or longer 
and statistical evaluations were reviewed. 

Outcome Parameters 
The outcome measures were of documented 

pain relief at various points in time, functional as-
sessment, and other outcomes including psychologi-
cal improvement, return to work, and change in opi-
oid intake. 

Methodologic Quality Assessment
The quality of each individual article used in 

this analysis was assessed by modified Cochrane re-
view criteria with weighted scores (Table 1) (43) for 
randomized trials and Agency for Healthcare Quality 

Table 1. Modified and weighted Cochrane methodologic quality assessment criteria.

CRITERION
Weighted

Score (points)

1.  Study population 35

A Homogeneity 2

B Comparability of relevant baseline characteristics 5

C Randomization procedure adequate 4

D Drop-outs described for each study group separately 3

E < 20% loss for follow-up 2

< 10% loss for follow-up 2

F > 50 subject in the smallest group 8

> 100 subjects in the smallest group 9

2.  Interventions 25

G Interventions included in protocol and described 10

H Pragmatic study 5

I Co-interventions avoided or similar 5

J Placebo-controlled 5

3.  Effect 30

K Patients blinded 5

L Outcome measures relevant 10

M Blinded outcome assessments 10

N Follow-up period adequate 5

4.   Data-presentation and analysis 10

O Intention-to-treat analysis 5

P Frequencies of most important outcomes presented for each treatment group 5

TOTAL SCORE 100

Adapted from Koes BW et al. Efficacy of epidural steroid injections for low-back pain and sciatica: A systematic review of randomized clinical 
trials. Pain 1995; 63:279-288 (43).
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and Criteria (AHRQ) quality criteria for assessment of 
observational studies (Table 2) (73) with consensus-
based weighted scoring developed by the guidelines 

committee of the American Society of Interventional 
Pain Physicians (ASIPP) utilized in multiple evaluations 
(37,74-78). 

Table 2. Modified AHRQ quality assessment criteria for observational studies.

CRITERION Weighted Score (points)

1.  Study Question                                                                                                  2

  •  Clearly focused and appropriate question 

2.  Study Population                                                                                                  8

  •  Description of study population 5

  •  Sample size justification 3

3.      Comparability of Subjects for All Observational Studies                                 22

  •  Specific inclusion/exclusion criteria for all groups 5

  •  Criteria applied equally to all groups 3

  •  Comparability of groups at baseline with regard to disease status and prognostic factors 3

  •  Study groups comparable to non-participants with regard to confounding factors 3

  •  Use of concurrent controls 5

  •  Comparability of follow-up among groups at each assessment 3

4.  Exposure or Intervention                                                                                    11

  •  Clear definition of exposure 5

  •  Measurement method standard, valid and reliable 3

  •  Exposure measured equally in all study groups 3

5.  Outcome measures                                                                                              20

  •  Primary/secondary outcomes clearly defined 5

  •  Outcomes assessed blind to exposure or intervention 5

  •  Method of outcome assessment standard, valid and reliable 5

  •  Length of follow-up adequate for question 5

6.  Statistical Analysis                                                                                             19

  •  Statistical tests appropriate 5

  •  Multiple comparisons taken into consideration 3

  •  Modeling and multivariate techniques appropriate 2

  •  Power calculation provided 2

  •  Assessment of confounding 5

  •  Dose-response assessment if appropriate 2

7.  Results                                                                                                                  8

  •  Measure of effect for outcomes and appropriate measure of precision 5

  •  Adequacy of follow-up for each study group 3

8.  Discussion                                                                                                            5

  •  Conclusions supported by results with possible biases and limitations taken into consideration 

9.  Funding or Sponsorship                                                                                       5

  •  Type and sources of support for study 

TOTAL SCORE 100

Adapted and modified from West S et al. Systems to Rate the Strength of Scientific Evidence, Evidence Report, Technology Assessment No. 47. 
AHRQ Publication No. 02-E016 (73).
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Only the studies scoring at least 50 of 100 on 
weighted scoring criteria were utilized for analysis. 

Each study was evaluated by 2 physicians for stat-
ed criteria and any disagreements were resolved by a 
third physician.

If there was a conflict of interest with the re-
viewed manuscripts with authorship or any other 
type of conflict, the involved authors did not review 
the manuscripts for quality assessment or evidence 
synthesis.

If there were at least 4 randomized controlled 
trials available for a condition, observational studies 
were not included. 

Clinical Relevance
Clinical relevance of the included studies was 

evaluated according to 5 questions recommended by 
the Cochrane Back Review Group (36,79).

Table 3 shows the clinical relevance questions. 
Each question was scored positive (+) if the clinical 
relevance item was met, negative (–) if the item was 
not met, and unclear (?) if data were not available to 
answer the question.

Analysis of Evidence 
Qualities analysis was conducted using 5 levels of 

evidence, ranging from Level I to III with 3 subcatego-
ries in Level II, as illustrated in Table 4 (80). 

Grading recommendations were based on Guyatt 
et al’s criteria as illustrated in Table 5 (81). 

Outcome of the Studies
A study is judged to be positive if the epidural 

injection therapy was effective, either with a placebo 
control or active control in randomized trials. This in-
dicates that the difference in the effect for the pri-
mary outcome measure was statistically significant at 
the conventional 5% level. In a negative study, there 
was no difference between the study treatments or 
no improvement from baseline. Further, the outcomes 
were judged at the reference point with positive or 
negative results reported at 3 months, 6 months, and 
1 year. 

For observational studies, a study was judged to 
be positive if the epidural injection therapy was ef-
fective, with outcomes reported at the reference 

Table 3. Clinical relevance questions.

A)	 Are the patients described in detail so that you can decide whether they are comparable to those that you see in your practice?

B)	 Are the interventions and treatment settings described well enough so that you can provide the same for your patients?

C)	 Were all clinically relevant outcomes measured and reported?

D)	 Is the size of the effect clinically important? 

E)	 Are the likely treatment benefits worth the potential harms?

Source: Staal JB et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 3:CD001824 (36).

Table 4. Quality of  evidence developed by USPSTF.

I: Evidence obtained from at least one properly randomized controlled trial

II-1: Evidence obtained from well-designed controlled trials without randomization

II-2: 
Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than one center 
or research group

II-3: 
Evidence obtained from multiple time series with or without the intervention. Dramatic results in uncontrolled 
experiments (such as the results of  the introduction of  penicillin treatment in the 1940s) could also be regarded as 
this type of  evidence

III: 
Opinions of  respected authorities, based on clinical experience descriptive studies and case reports or reports of  
expert committees

Adapted from the U.S. Preventive Services Task Force (USPSTF) (80).
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point with positive or negative results at 3 months, 
6 months, and 1-year. Relief of 6 months or less was 
considered as short-term and relief of longer than 6 
months was considered as long-term. 

The data will be analyzed separately for disc her-
niation and/or radiculopathy, discogenic pain with 
predominantly low back pain, spinal stenosis, and post 
surgery syndrome. 

Studies performed under fluoroscopy were given 
priority. 

Observational studies were only included in the 
evidence synthesis if there were less than 4 random-
ized trials meeting inclusion criteria for each category 

as described above. If a study included more than one 
type of patient and the analysis in the study was con-
sidered separately for both conditions, that study was 
included for all the conditions. 

Results

A literature search was carried out for caudal epi-
dural injections as shown in Fig. 1. 

As shown in Fig. 1, relevant reports evaluating 
caudal epidural injections included 18 randomized tri-
als (68-71,82-95) and multiple prospective and retro-
spective evaluations (65,66,96-115).

Table 5. Grading recommendations.

Grade of  Recommendation/
Description

Benefit vs Risk and 
Burdens

Methodological Quality of  
Supporting Evidence

Implications

1A/strong recommendation, high-
quality evidence

Benefits clearly outweigh 
risk and burdens, or vice 
versa

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Strong recommendation, 
can apply to most patients in 
most circumstances without 
reservation

1B/strong recommendation, moder-
ate quality evidence

Benefits clearly outweigh 
risk and burdens, or vice 
versa

RCTs with important limitations 
(inconsistent results, methodologi-
cal flaws, indirect, or imprecise) or 
exceptionally strong evidence from 
observational studies

Strong recommendation, 
can apply to most patients in 
most circumstances without 
reservation

1C/strong recommendation, low-
quality or very low-quality evidence

Benefits clearly outweigh 
risk and burdens, or vice 
versa

Observational studies or case series Strong recommendation but 
may change when higher qual-
ity evidence becomes available

2A/weak recommendation, high-
quality evidence

Benefits closely balanced 
with risks and burden

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Weak recommendation, best 
action may differ depending 
on circumstances or patients’ 
or societal values

2B/weak recommendation, moderate-
quality evidence

Benefits closely balanced 
with risks and burden

RCTs with important limitations 
(inconsistent results, methodologi-
cal flaws, indirect, or imprecise) or 
exceptionally strong evidence from 
observational studies

Weak recommendation, best 
action may differ depending 
on circumstances or patients’ 
or societal values

2C/weak recommendation, low-qual-
ity or very low-quality evidence

Uncertainty in the esti-
mates of benefits, risks, 
and burden; benefits, risk, 
and burden may be closely 
balanced

Observational studies or case series Very weak recommendations; 
other alternatives may be 
equally reasonable

Adapted from Guyatt G et al. Grading strength of recommendations and quality of evidence in clinical guidelines. Report from an American 
College of Chest Physicians task force. Chest 2006; 129:174-181 (81). 
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Fig. 1. The flow diagram illustrating randomized trials, observational studies, and systematic reviews evaluating caudal 
epidural injections.
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Table 6. Methodological assessment of  randomized clinical trials evaluating the effectiveness of  caudal epidural injections.

CRITERION
Weighted 

score
(points)

Dashfield 
et al (82)*

Mathews 
et al (83)

Breivik 
et al 
(84)

Bush 
and 

Hillier 
(85)

Hesla 
and 

Breivik 
(89)

Revel 
et al 
(86)

Manchikanti 
et al (68)*

Manchikanti 
et al (69)*

Manchikanti  
et al (70)*

Manchikanti 
et al (71) *

McGregor et 
al (88)

Study population

A Homogeneity 2 2 1 1 2 1 2 2 2 2 2 –

B Comparability of 
relevant baseline 
characteristics

5 5 3 2 3 3 3 5 5 5 5 –

C Randomization pro-
cedure adequate 4 4 4 4 2 4 1 5 5 5 5 1

D Drop-outs described 
for each study group 
separately

3 3 3 3 3 3 3 3 3 3 3 2

E < 20% loss for 
follow-up 2 2 2 2 — 2 — 2 2 — — –

< 10% loss for 
follow-up 2 2 2 2 — 2 — — — — — –

F > 50 subject in the 
smallest group 8 — — — — — — — — — — –

> 100 subjects in the 
smallest group 9 — — — — — — — — — — –

Interventions

G Interventions 
included in protocol 
and described

10 10 10 10 10 10 10 10 10 10 10 4

H Pragmatic study 5 5 — 5 — 5 5 5 5 5 5 2

I Co-interventions 
avoided or similar 5 — 5 5 5 5 — 5 5 5 5 –

J Placebo-controlled 5 — 4 5 5 — — — — — — –

Effect

K Patients blinded 5 2 3 3 5 5 5 5 5 5 5 2

L Outcome measures 
relevant 10 6 4 6 5 3 10 10 10 10 10 10

M Blinded outcome 
assessments 10 2 10 10 5 — 10 5 5 5 5 5

N Follow-up period 
adequate 5 2 1 — 5 5 3 5 5 5 5 2

Data-presentation and analysis

O Intention-to-treat 
analysis 5 — 5 5 — 5 5 5 5 5 5 –

P Frequencies of most 
important outcomes 
presented for each 
treatment group

5 5 5 5 5 5 5 5 5 5 5 5

TOTAL SCORE 100 50 62 68 55 58 62 72 72 70 70 33

*Fluoroscopy used in performing caudal epidural injections.

Methodological criteria and scoring adapted from Koes BW et al. Efficacy of epidural steroid injections for low-back pain and sciatica: A sys-
tematic review of randomized clinical trials. Pain 1995; 63:279-288 (43).
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Randomized Trials:

Methodologic Quality Assessment
Methodologic quality assessment of the random-

ized clinical trials evaluating the effectiveness of cau-
dal epidural injections is illustrated in Table 6. The 
methodological quality of criteria scores for the stud-
ies were variable from 33 to 72. Of the 18 randomized 
trials, 11 met inclusion criteria for methodological as-
sessment. Seven studies were excluded prior to the 
methodologic quality assessment due to the failure to 
meet the inclusion criteria (87,90-95). 

The study by Meadeb et al (87) was excluded due 
to short-term assessment of 120 days, even though, 
performed under fluoroscopy. Czarski (90) was exclud-
ed due to non-availability of analyzable data. Beliveau 
(91) was excluded due to a lack of data at 3 months. 
Anwar et al (92) was excluded due to a lack of appro-

priate data. A study by Ackerman and Ahmad (93) was 
excluded due to short-term follow-up of 24 weeks, 
along with multiple deficiencies. Finally, Dincer et al 
(94) and Bronfort et al (95) were excluded due to a 
short-term follow-up. 

After methodologic assessment of quality criteria, 
McGregor et al (88) scored less than 50, and thus was 
eliminated from the analysis. 

Clinical Relevance 
Clinical relevance of randomized clinical trials 

evaluating the effectiveness of caudal epidural steroid 
injections is illustrated in Table 7.

Observational Studies
Of the 10 observational studies meeting the in-

clusion criteria, 6 studies evaluating the effectiveness 
of caudal epidural injections for managing discogenic 

Table 7. Clinical relevance of  randomized clinical trials evaluating the effectiveness of  caudal epidural injections.

Dash-
field et 
al (82)*

Mathews 
et al (83)

Breivik 
et al 
(84)

Bush 
and 
Hillier 
(85)

Hesla 
and 
Breivik 
(89)

Revel 
et al 
(86)

Manchikanti 
et al (68) *

Manchikanti 
et al (69) *

Manchikanti 
et al (70) *

Manchikanti 
et al (71) *

A) Are the patients de-
scribed in detail so that 
you can decide whether 
they are comparable to 
those that you see in 
your practice?

+ + + + + + + + + +

B) Are the interven-
tions and treatment 
settings described well 
enough so that you can 
provide the same for 
your patients?

+ + + + + + + + + +

C) Were all clinically 
relevant outcomes mea-
sured and reported?

+ + + + + + + + + +

D) Is the size of 
the effect clinically 
important? 

+ + + + + + + + + +

E) Are the likely treat-
ment benefits worth the 
potential harms?

+ + + + + + + + + +

TOTAL CRITERIA 
MET 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5

+ = positive; - = negative; ? = unclear
*Fluoroscopy used in performing caudal epidural injections.
Scoring adapted from Staal JB et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 3:CD001824 
(36).
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pain without radiculitis or disc herniation, post lum-
bar laminectomy syndrome, and spinal stenosis are il-
lustrated in Table 8. Studies evaluating disc herniation 
were not included. 

The methodologic assessment of observational 
studies (65,66,102,106,116,118) evaluating the effec-
tiveness of caudal epidural injections evaluating disco-
genic pain, spinal stenosis, and post lumbar laminec-
tomy syndrome are illustrated in Table 8.

Methodologic Review
Of the 10 randomized trials meeting inclusion cri-

teria, 6 studies evaluated disc herniation or radiculi-
tis (69,82-85,89). Of these, studies by Dashfield et al 
(82) and Manchikanti et al (69) were performed under 
fluoroscopy. Long-term information of more than 6 
months was available in only 3 studies (69,83,85). Three 
trials evaluated patients suffering with pain following 
failed back surgery syndrome (70,86,89) whereas one 
of the 3 studies (95) evaluated a mixed population 
with greater than 50% or 36 of 69 patients with post 
lumbar laminectomy syndrome. Of these, only one 
study by Manchikanti et al (70) was performed under 
fluoroscopy. Long-term data was available in 2 of the 3 
studies (70,89), whereas only one study provided one-
year follow-up data (70). There was only one study in 
each group evaluating spinal stenosis (71) and disco-
genic low back pain (68), both performed under fluo-
roscopy and also with one-year follow-up.

Among the 11 observational studies, disc hernia-
tion or radiculitis were studied in 2 evaluations (98,103), 
whereas the role of caudal epidural in chronic low back 
pain without radiculitis was studied in 2 studies (65,66), 
and the role of caudal epidural steroids in spinal steno-
sis was evaluated in 7 studies (100,104,110-114).

Of the 11 observational studies, the study Delport 
et al (104) failed to meet inclusion criteria for meth-
odologic quality assessment. Yates (98) and Waldman 
(103) were not included as there were 6 randomized 
trials meeting the inclusion criteria. Thus, 6 observa-
tional studies underwent methodologic quality as-
sessment with scores ranging from 46 to 76 of 100. 
Consequently, 2 studies evaluating discogenic pain 
without radiculitis or disc herniation and 2 studies 
evaluating lumbar spinal stenosis met inclusion cri-
teria (96,112). 

Disc Herniation and Radiculitis 
Of all the available studies, 6 randomized trials 

(69,82-85,89) met the inclusion criteria under this cat-

egory. Dashfield et al (82) and Manchikanti et al (69) 
were studied under fluoroscopy. Long-term outcomes 
of more than 6 months were provided by Mathews 
et al (83), Manchikanti et al (69), Bush and Hillier 
(85), and Hesla and Breivik (89). Dashfield et al (82) 
and Breivik et al (84) provided only 6-month follow-
up. Since 6 randomized trials met inclusion criteria for 
lumbar disc herniation and/or radiculitis, observation-
al studies were not considered. 

Study Characteristics
Table 9 illustrates the characteristics of the ran-

domized trials in assessing caudal epidural injections 
in managing lumbar disc herniation and radiculitis. 

Among the 2 studies utilizing fluoroscopy, Dash-
field et al (82) compared the effectiveness of caudal 
steroid epidural with targeted steroid placement dur-
ing spinal endoscopy for chronic sciatica in a prospec-
tive, randomized, double-blind trial, in 60 patients 
with symptom duration of 18 months. Patients in the 
caudal group underwent caudal epidural corticoste-
roid injection with a total of 10 mL of lidocaine 1% 
with 40 mg of triamcinolone being injected into the 
epidural space. Patients in the epiduroscopy group un-
derwent epiduroscopy performed by an experienced 
epiduroscopist with placement of steroid over the 
nerve root, which included 10 mL of lidocaine 1% with 
triamcinolone 40 mg. The epiduroscopy group also re-
ceived infusion of 50 to 150 mg mL of sodium chloride 
solution. If adhesions were encountered around the 
painful nerve root, an attempt was made to break the 
adhesions down using saline boluses or by manipulat-
ing the endoscope. However, very little scar tissue was 
encountered in their patient population, as they never 
had previous surgery. 

Patient assessments were carried out before treat-
ment, and at 6 weeks, 3 months, and 6 months fol-
lowing treatment. Outcome instruments included SF-
MPQ and HAD scores. No significant differences were 
found between the groups for any of the measures at 
any time. However, there were significant differences 
within both groups compared with pretreatment val-
ues. For the caudal group, significant improvements 
were found for descriptive pain at 6 months; VAS at 
6 weeks, 3 months, and 6 months; present pain inten-
sity at 3 months and 6 months; anxiety at 6 weeks, 3 
months, and 6 months; and depression at 6 months 
only. Caudal epidural injection was better than the 
epiduroscopy group where there were fewer signifi-
cant changes.
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Table 8. Illustration of  methodologic assessment of  observational studies evaluating the effectiveness of  caudal epidural injections.

CRITERION Weighted 
Score 

(points)

Manchikanti 
et al (65) *

Manchikanti 
et al (66) *

Ciocon et 
al (96)

Southern et 
al (110) *

Barré et 
al (100)*

Botwin et 
al (112)

1. Study Question   2 2 2 2 2 2 2

  • Clearly focused and appropriate question 2 2 2 2 2 2 2

2. Study Population  8 5 5 5 5 5 5

  • Description of study population 5 5 5 5 5 5 5

  • Sample size justification 3 – – – – –

3. �Comparability of Subjects 22 14 17 5 3 6 6

  • �Specific inclusion/exclusion criteria for all groups 5 5 5 5 – 3 3

  • Criteria applied equally to all groups 3 3 3 – – – –

  • �Comparability of groups at baseline with 
regard to disease status and prognostic factors 3 3 3 – – – –

  • �Study groups comparable to non-participants 
with regard to confounding factors 3 – – – – – –

  • Use of concurrent controls 5 – 3 – – – –

  • �Comparability of follow-up among groups at 
each assessment 3 3 3 – 3 3 3

4. Exposure or Intervention   11 11 11 7 8 8 8

  • Clear definition of exposure 5 5 5 5 5 5 5

  • �Measurement method standard, valid and reliable 3 3 3 2 3 3 3

  • Exposure measured equally in all study groups 3 3 3 – – – –

5. Outcome measures  20 15 15 15 15 15 15

  • Primary/secondary outcomes clearly defined 5 5 5 5 5 5 5

  • �Outcomes assessed blind to exposure or 
intervention 5 – – – – – –

  • �Method of outcome assessment standard, valid 
and reliable 5 5 5 5 5 5 5

  • Length of follow-up adequate for question 5 5 5 5 5 5 5

6. Statistical Analysis     19 10 10 5 5 3 10

  • Statistical tests appropriate 5 5 5 5 3 3 5

  • Multiple comparisons taken into consideration 3 3 3 – – – 3

  • �Modeling and multivariate techniques appropriate 2 2 2 – 2 – 2

  • Power calculation provided 2 – – – – – –

  • Assessment of confounding 5 – – – – – –

  • Dose-response assessment if appropriate 2 – – – – – –

7. Results  8 6 6 8 2 2 5

  • �Measure of effect for outcomes and appropri-
ate measure of precision 5 3 3 5 2 2 5

  • Adequacy of follow-up for each study group 3 3 3 3 – – –

8. Discussion 5 5 5 5 3 5 5

  • �Conclusions supported by results with possible 
biases and limitations taken into consideration 5 5 5 5 5 5

9. Funding or Sponsorship   5 5 5 5 5 5 5

  • Type and sources of support for study 5 5 5 5 5 5

TOTAL SCORE 100 73 76 57 48 51 61

*Fluoroscopically directed procedures.
Adapted and modified from West S et al. Systems to Rate the Strength of Scientific Evidence, Evidence Report, Technology Assessment No. 47. AHRQ 
Publication No. 02-E016 (73).
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Table 9. Characteristics of  published studies of  caudal epidural injections in managing disc herniation and radiculitis.

Study/Methods Participants Intervention(s) Outcome(s) Result(s)

Conclusion(s)  
Short-term  

relief  ≤ 6 mos. 
Long-term  

relief  > 6 mos.

Manchikanti et al 
2008 (69)
Randomized, 
double-blind 
equivalence trial

84 patients were 
assigned to one of 2 
groups; 
Group I patients 
received caudal epi-
dural injections with 
an injection of local 
anesthetic (lidocaine 
0.5%), whereas, Group 
II patients received 
caudal epidural 
injections with 0.5% 
lidocaine 9 mL mixed 
with 1 mL of steroid. 

Group I: caudal epidural 
injections with injection 
of local anesthetic (lido-
caine 0.5%).
Group II: caudal epidu-
ral injections with 0.5% 
lidocaine 9 mL mixed 
with 1 mL of steroid. 
Each injection was a total 
volume of 10 mL (10 mL 
of lidocaine 0.5% or 9 mL 
of lidocaine with 1 mL of 
steroid), followed by 2 mL 
of 0.9% sodium chloride 
solution as a flush.

Assessments: 3 
mos., 6 mos., and 
12 mos.
Outcome instru-
ments: NRS, ODI, 
employment status, 
and opioid intake.

The percentage of patients 
with significant pain relief of 
50% or greater at 12 months 
was 79% in Group I and 
81% in Group II. Reduction 
of Oswestry scores of at least 
40% was seen in 83% of the 
patients in Group I and 91% 
in Group II.
The overall average proce-
dures per year were 3.9 ± 
1.26 in Group I and 3.6 ± 
1.08 in Group II with an av-
erage total relief per year of 
35.2 ± 17.18 weeks in Group 
I and 35.9 ± 15.34 weeks in 
Group II over a period of 52 
weeks.

Positive short-
term and long-
term relief 

Dashfield et al 
2005 (82)
Prospective, ran-
domized, double-
blind trial

60 patients with a 
6–18 months history 
of sciatica to either 
targeted epidural local 
anaesthetic and ste-
roid placement with 
a spinal endoscope 
or caudal epidural 
local anaesthetic and 
steroid treatment.

Corticosteroid injection 
with a total of 10 mL of 
lidocaine 1% with 40 mg 
of triamcinolone .
Epiduroscopy group:
delivery of the medica-
tion over the painful 
nerve root with 10 mL of 
lidocaine 1% with 40 mg 
of triamcinolone. 

Assessments: 6 
wks, 3 mos, and 
6 mos.
Outcome instru-
ments: SF-MPQ 
and HAD. 

Caudal group: significant 
improvements were found 
for descriptive pain at 6 
mos; VAS at 6 wks, 3 mos, 
and 6 months; present pain 
intensity at 3 mos and 6 
mos; anxiety at 6 wks, 3 
mos, and 6 mos; and depres-
sion at 6 mos only.

Positive short-
term relief. 
Long-term relief 
information not 
available 

Bush and Hillier 
1991 (85)
Randomized, 
double-blind trial

23 patients with 
lumbar nerve root 
compromise random-
ized into 2 groups.

Experimental: 25 mL: 80 
mg triamcinolone ace-
tonide ± 0.5% procaine 
hydrochloride (n=12); 
Control: 25 mL normal 
saline (n=11). Frequency: 
2 caudal injections, the 
first after admission to 
the trial and a second 
after 2 wks.

Timing: 4 wks. and 
at 1 year.
Outcome mea-
sures: 1. Effect on 
lifestyle; 2. Back 
and leg pain; 3. 
Angle of positive 
SLR.

Significantly better results 
with pain and SLR in experi-
mental group in short-term. 
Pain not significantly dif-
ferent but SLR significantly 
better for long-term relief. 

Positive short-
term and long-
term relief

Mathews et al 
1987 (83)
Randomized, 
double- blind 
trial

57 patients with 
sciatica with a single 
root compression 
Experimental group: 
male/female: 19/4, 
median duration of 
pain: 4 wks. Control 
group: male/female: 
24/10, median dura-
tion of pain: 4 wks.

Experimental: 20 mL 
bupivacaine 0.125% ± 2 
mL (80 mg) methylpred-
nisolone acetate (n=23).  
Control: 2 mL lignocaine 
(over the sacral hiatus 
or into a tender spot) 
(n=34). Frequency: fort-
nightly intervals, up to 3 
times as needed.

Timing: 2 wks, 1, 
3, 6, and 12 mos.  
Outcome 
measures: pain 
(recovered vs not 
recovered), range 
of movement, 
straight leg rais-
ing, neurologic 
examination. 

There was no signifi-
cant difference between 
experimental and control 
group with short-term relief 
(67% vs 56%). After 3 mos., 
pts in experimental group 
reported significantly more 
pain-free than in control 
group. 

Negative short-
term and positive 
long-term relief
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Manchikanti et al (69) in a randomized, double-
blind equivalence trial, published preliminary results 
in 84 patients with 42 patients in each group of local 
anesthetic with or without steroid. The study consists 
of 60 patients in each group with Group I patients re-
ceiving caudal epidural injections with local anesthetic 
of lidocaine 0.5% preservative free, whereas Group II 
patients received caudal epidural injections with 0.5% 
lidocaine, 9 mL, mixed with 1 mL of steroid. Repeat 
caudal epidural injections were provided based on 
the response to prior caudal epidural injections evalu-
ated by improvement in physical and functional sta-
tus. Multiple outcome measures were utilized with 
measurements of pain outcomes, employment status, 

and opioid intake assessed at 3 months, 6 months, and 
12 months post-treatment. Significant pain relief was 
established as 50% or more reduction in numeric rat-
ing scale (NRS) from baseline, whereas significant im-
provement in function was described as at least a 40% 
reduction in Oswestry Disability Index (ODI). Sample 
size justification was provided for preliminary analysis 
and intent-to-treat analysis was performed. This re-
port showed significant pain relief (≥ 50%) in 79% to 
81% of the patients with significant improvement in 
functional status (40% or greater reduction in Oswes-
try scores) in 83% to 91% of the patients at the end 
of one-year follow-up with no significant differences 
noted with or without steroids. The overall average 

Study/Methods Participants Intervention(s) Outcome(s) Result(s)

Conclusion(s)  
Short-term  

relief  ≤ 6 mos. 
Long-term  

relief  > 6 mos.

Hesla and Breivik 
1979 (89)
Randomized, 
double-blind trial 
with crossover 
design 

69 patients with 
incapacitating chronic 
low back pain and 
sciatica.  

36 of 69 previously 
been operated on for 
herniated disc.

26 similar patients 
without previous back 
surgery were treated 
in a double-blind trial 
with 3 lumbar epidu-
ral injections.

26 patients without 
previous back surgery 
treated in a double-blind 
trial by 3 caudal epidural 
injections of bupivacaine 
and depomethylpred-
nisolone 80 mg and a 
placebo intramuscular 
injection, or caudal 
epidural bupivacaine and 
depomethylprednisolone 
given intramuscularly.

Outcome mea-
sures: significant 
improvement to 
return to work or 
to be retrained 
for another 
occupation. 

34 of the 58 pts (59%) 
receiving caudal epidural 
injections of bupivacaine 
and depomethylpred-
nisolone showed significant 
improvement.

12 of 49 pts (25%) who re-
ceived bupivacaine followed 
by saline improved. 

50% of previously operated 
patients and 70-80% of pa-
tients without previous back 
surgery obtained significant 
pain relief.

Positive short-
term and long-
term relief

Breivik et al 1976 
(84) Random-
ized, double-
blind trial

35 patients with inca-
pacitating chronic low 
back pain and sciatica.  
Diagnosis based on 
radiculopathy: arach-
noiditis (n=8), no 
abnormality (n=11), 
inconclusive findings 
(n=5). Duration: 
several mos to several 
yrs.  

Caudal epidural injection: 
Experimental: 20 mL 
bupivacaine 0.25% with 
80 mg depomethylpred-
nisone (n=16) Placebo: 
20 mL bupivacaine 0.25% 
followed by 100 mL saline 
(n=19). 
Frequency: up to 3 injec-
tions at weekly intervals.

Outcome 
measures: 
1. Pain relief: 
significant diminu-
tion of pain and/or 
paresis to a degree 
that enabled return 
to work. 
2. Objective 
improvement: sen-
sation, Lasègue’s 
test, paresis, 
spinal reflexes, 
and sphincter 
disorders.

56% of the pts reported 
considerable pain relief in 
experimental group com-
pared to 26% of the pts in 
the placebo group.

Positive short-
term relief. 
Long-term relief 
information not 
available 

Table 9 (cont.). Characteristics of  published studies of  caudal epidural injections in managing disc herniation and radiculitis.
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procedures per year were 3 to 4 with an average total 
relief per year of 35 to 36 weeks over a period of 52 
weeks. Opioid intake and employment also showed 
significant improvement. The importance of this study 
lies in the fact that it is the practice of contemporary 
interventional pain management under fluoroscopy in 
a private practice setting with a randomized double-
blind design as an equivalence trial. The results of this 
study are generalizable to interventional pain man-
agement to populations in the United States. 

Effectiveness
Of the 6 randomized trials, 5 studies were judged 

to be positive for short-term relief (69,82-85). Only 4 
trials (69,83,85,89) reported positive results with long-
term follow-up of more than 6 months. Surprisingly, 
Mathews et al (83) showed negative short-term re-
lief, however, positive long-term relief. The results in 
2 studies utilizing fluoroscopy (69,82) were superior 
to blind epidural injections. Interestingly, both stud-

ies (69,82) were performed and published after 2000, 
whereas the other 4 studies were published in 1976 
(84), 1979 (89), 1987 (83), and 1991 (85). Table 10 illus-
trates the results of randomized trials of effectiveness 
of caudal epidural steroid injections in managing disc 
herniation and radiculitis. 

Post Surgery Syndrome 
Of the 10 randomized trials included for the anal-

ysis (Table 11), 3 studied the effectiveness of caudal 
epidural injections in post surgery syndrome and all 
of them met inclusion criteria based on methodologic 
quality assessment scores (70,86,89). Only one study by 
Manchikanti et al (70) was performed under fluoros-
copy. Of these, 2 studies (70,89) provided outcomes of 
longer than 6 months. Revel et al (86) and Manchikanti 
et al (70) studied only post lumbar laminectomy syn-
drome patients whereas Hesla and Breivik (89) studied 
36 of 69 patients previously operated for herniated 
disc. There were no observational studies performed 

Table 10. Results of  randomized trials of  effectiveness of  caudal epidural steroid injections in managing pain of  lumbar disc 
herniation/radiculitis.

*Indicates use of fluoroscopy

RA = randomized; DB = double blind;  C = control; T = treatment; NA = not available; SI = significant improvement; NSI = no significant 
improvement; vs = versus; P = positive; N = negative

Study Study 
Characteristics

Methodological 
Quality Scoring Participants

Pain Relief Results

3 mos. 6 mos. 12 mos.
Short-term 
relief  ≤ 6 

mos.

Long-
term 

relief  > 6 
mos.

Manchikanti 
et al 2008 
(69)*

RA, DB 72 84 81% 86% 79% to 
81% P P

Dashfield et al 
2005 (82)* RA, DB 50 Caudal = 30

Endoscopy = 30 SI SI NA P NA

Bush and 
Hillier 1991 
(85)

RA, DB 55 23 SI NSI NSI P N

Mathews et al 
1987 (83) RA, DB 62 C = 34 

T = 23 SI SI SI N P

Hesla and 
Breivik 1979 
(89)

RA, DB 58
69 patients: 
crossover 

design

77% vs 
29%

59% vs 
25%

59% vs 
25% P P

Breivik et al 
1976 (84) RA, DB 68 C = 19 

T = 16
20% vs 

50%
20% vs 

50% NA P NA
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in this category for inclusion with caudal epidural with 
or without steroids.

Study Characteristics 
Table 11 shows the characteristics of published 

studies of caudal epidural injections in managing 
chronic low back or lower extremity pain of post sur-
gery syndrome. 

Table 11. Description of  randomized trials in managing post-surgery syndrome with caudal epidural injections.

Study/Methods Participants Intervention(s) Outcome(s) Result(s)

Conclusion(s)  
Short-term  

relief ≤ 6 mos. 
Long-term  

relief > 6 mos.

Manchikanti et al 
2008 (70)
Randomized, 
double-blind 
equivalence trial

40 patients with 
chronic low back 
and lower extremity 
pain after surgical 
intervention with 
post lumbar surgery 
syndrome.

Group I patients received 
caudal epidural injections with 
local anesthetic (lidocaine 
0.5%), whereas Group II 
patients received caudal 
epidural injections with 0.5% 
lidocaine 9 mL mixed with 1 
mL (6 mg) of non-particulate 
Celestone.

Timing: 3 mos., 
6 mos., and 12 
mos.
Outcome 
measures: 
NRS, ODI, 
employment 
status and 
opioid intake.

Significant pain relief (> 
50%)  in 60% to 70% of 
the patients. 
Functional assessment 
showed significant 
improvement with at least 
40% reduction in Oswestry 
scores in 40% to 55% of 
the patients. 
The average procedures 
per year were 3.4 with an 
average total relief per year 
of 31.7 + 19.10 weeks in 
Group I and 26.2 + 18.34 
weeks in Group II over a 
period of 52 weeks.

Positive short-
term and long-
term relief 

Revel et al 1996 
(86) 
Randomized trial

60 postlumbar 
laminectomy pts 
with chronic low 
back pain.

Forceful caudal injection: 
Experimental: 125 mg of 
prednisolone acetate with 40 
mL of normal saline in the 
treatment group. 
Control: 125 mg of 
prednisolone. 

Timing: 6 
mos.  Outcome 
measures: pain 
relief.

The proportion of pts 
relieved of sciatica was 
49% in the forceful 
injection group compared 
to 19% in the control group 
with significant difference.

Positive short-
term relief and 
long-term relief 
in forceful 
injection group

Hesla and Breivik 
1979 (89)
Randomized, 
double-blind trial 
with crossover 
design 

69 patients with 
incapacitating 
chronic low back 
pain and sciatica.  

36 of 69 previously 
been operated on for 
herniated disc.

26 similar patients 
without previous 
back surgery, were 
treated in a double-
blind trial by 3 
lumbar epidural 
injections.

26 patients without previous 
back surgery treated in 
a double-blind trial by 3 
caudal epidural injections 
of bupivacaine and 
depomethylprednisolone 
80 mg and a placebo 
intramuscular injection, or 
caudal epidural bupivacaine 
and depomethylprednisolone 
given intramuscularly.

Outcome 
measures: 
significant 
improvement 
to return to 
work or to 
be retrained 
for another 
occupation. 

34 of the 58 pts (59%) 
receiving caudal epidural 
injections of bupivacaine 
and 
depomethylprednisolone 
showed significant 
improvement.
12 of 49 pts (25%) who 
received bupivacaine 
followed by saline 
improved. 
50% of previously 
operated patients and 70-
80% of patients without 
previous back surgery 
obtained significant pain 
relief.

Positive short-
term and long-
term relief

The only fluoroscopic study by Manchikanti et al 
(70) evaluated 40 patients in a randomized, double-
blind equivalence trial with an objective to evaluate 
the effectiveness of caudal epidural injections in pa-
tients with chronic low back and lower extremity pain 
after surgical intervention with post lumbar surgery 
syndrome. The results were preliminary from an expect-
ed study of 120 patients including 40 patients complet-
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ing one year follow-up with justification of sample size 
in the subgroup analysis. They assigned patients into 
one of 2 groups with Group I patients receiving caudal 
epidural injections of local anesthetic (lidocaine 0.5% 
preservative free), whereas Group II patients received 
caudal epidural injections with 0.5% lidocaine, 9 mL, 
mixed with 1 mL of non-particulate Celestone, 6 mg, 
under fluoroscopy. Multiple outcome measures were 
utilized including measurement of pain and disability, 
employment status, and opioid intake. Significant pain 
relief was described as a 50% or more reduction in NRS 
from baseline, whereas significant improvement and 
function was described as at least a 40% reduction in 
the ODI. In this study utilizing contemporary practice 
with fluoroscopy and in a private practice setting in a 
double-blind equivalence trial, preliminary results of 
one year showed significant pain relief (≥ 50%) in 60% 
to 65% of the patients and functional improvement 
(greater than 40% reduction in ODI) in 55% to 70% 
of the patients with no significant differences between 
the groups at one-year follow-up. Patients in the study 
received overall 3 to 4 procedures in a year with an av-
erage total relief of 26 to 32 weeks of 52 weeks. How-
ever, there were significant withdrawals due to failure 
and separation into successful and failed groups. In the 
successful group, the total relief per year ranged from 
35 to 44 weeks with an extremely low response in the 
failed subjects. Average relief per procedure was 10 
to 14 weeks. Further, opioid intake was also reduced 
significantly at one-year follow-up. The advantages of 
this study include the fact that it is an equivalence trial 

performed in a private practice with the results gener-
alizable to the interventional pain patient population 
across the country when performed fluoroscopically. 

Effectiveness
Of the 3 randomized trials studying the effective-

ness of caudal epidural steroid injections in post-sur-
gery syndrome, all of them were shown to be positive 
for short and long-term relief (70,86,89). Table 12 il-
lustrates the results of randomized trials in managing 
chronic pain of post surgery syndrome with caudal 
epidural injections. 

Spinal Stenosis
There was one randomized trial evaluating the 

role of caudal epidural injections in spinal stenosis (71). 
This study met inclusion criteria and was performed 
under fluoroscopy with 1-year follow-up. 

There were 4 observational studies (96,100,104, 
112) available with 2 meeting inclusion criteria. 

Study Characteristics
Table 13 shows the characteristics of published re-

ports of caudal epidural injections in managing spinal 
stenosis. Manchikanti et al (71) published preliminary 
results of a randomized equivalence trial of fluoro-
scopic caudal epidural injections in managing chronic 
low back pain secondary to spinal stenosis. The study 
included 40 patients with 20 patients in each group 
with justification of sample size. They utilized multiple 
outcome measures, included NRS, ODI, employment 

Table 12. Results of  randomized trials in managing low back pain of  post-surgery syndrome with caudal epidural injections.

Study
Study 

Characteristics
Methodological 
Quality Scoring

Participants

Pain Relief Results

3 mos. 6 mos. 12 mos.
Short-term 
relief  ≤ 6 

mos.

Long-
term 

relief  > 6 
mos.

Manchikanti et 
al 2008 (70) RA, DB 70 40 65% to. 

70% 60% 60%  to 
65% P P

Revel et al 
1996 (86) RA 62

Forceful injec-
tion = 29

Regular = 31
NA 49% vs 

19% NA P P

Hesla and 
Breivik 1979 

(89)
RA, DB 58

69 patients: 
crossover 

design

77% vs 
29%

59% vs 
25% 59% vs 25% P P

RA = randomized; DB = double blind; NA = not available; vs = versus; P = positive; N = negative
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Table 13. Characteristics of  published studies of  caudal epidural injections in managing spinal stenosis

Study/Methods Participants Intervention(s) Outcome(s) Result(s)

Conclusion(s)  
Short-term  

relief  ≤ 6 mos. 
Long-term  

relief  > 6 mos.

Manchikanti et al 
2008 (71)

Randomized, 
double-blind 
equivalence trial

40 patients with 
chronic low back 
pain secondary to 
spinal stenosis .

Group I patients 
receiving caudal 
epidural injections 
of local anesthetic 
(lidocaine 0.5%), 
whereas Group II 
patients received 
caudal epidural in-
jections with 0.5% 
lidocaine, 9 mL, 
mixed with 1 mL 
of non-particulate 
Celestone.

Timing: 3 mos., 6 
mos., and 12 mos.
Outcome mea-
sures: NRS, ODI, 
employment status 
and opioid intake.

Significant pain relief (> 50%) 
was demonstrated in 55% to 65% 
of patients with functional status 
improvement with 40% reduction 
in ODI scores in 55% to 80% of 
the patients. The overall average 
procedures ranged from 3 to 4 
with an average total relief of 23 
to 30 weeks over a period of 52 
weeks. However, when the groups 
were separated into failed groups 
and successful groups, the results 
improved somewhat with average 
relief ranging from 38 to 43 weeks 
over a period of one year with an 
average relief of 10 to 15 weeks 
per procedure in overall popula-
tion. There was also reduction of 
opioid intake.

Positive short and 
long-term relief

Ciocon et al 1994 
(96)

Prospective 
evaluation

30 patients, 76 
+/- 6.7 years of 
age, with leg dis-
comfort with or 
without back pain 
and with lumbar 
canal stenosis.

Subjects received 
a total of 3 doses 
of 0.5% Xylocaine 
with 80 mg Depo-
Medrol into the 
caudal epidural 
space through the 
sacral hiatus at 
weekly intervals.

The Roland 5-point 
pain rating scale 
was utilized before 
and at 2-month 
intervals up to 10 
months after the 
CEB was admin-
istered. MRI was 
used to identify the 
degree of lumbar 
canal stenosis. 

After CEB, the pain level changed 
from 3.43 +/- 0.82 to 1.5 +/- 0.86 
(P < 0.0000), with a significant 
relief of pain up to 10 months 
(the end of observation). The du-
ration of pain relief ranged from 
4 to 10 months (P < 0.0001).

Positive short and 
long-term relief

Barrè et al 2004 
(100)

Retrospective 
evaluation 

95 patients 
selected from 
chart review 
met inclusion 
criteria. Eighty 
(84%) completed 
the follow-up 
questionnaire by 
mail or telephone 
interview. Patients 
received an aver-
age of 1.6 epidural 
steroid injections. 
12 patients 
subsequently un-
derwent surgical 
procedures.

Fluoroscopi-
cally guided caudal 
epidural injections 
after failure of con-
servative care.

Visual Numeric 
Scale (VNS), 
Roland-Morris 
Disability Ques-
tionnaire (RMDQ), 
North American 
Spine Society 
Patient Satisfac-
tion Index (NASS), 
and subsequent 
surgery.

A VNS improvement of 50% or 
greater was seen in 35% of pa-
tients. A functional improvement 
of 2 points or greater was seen on 
the RMDQ in 36% of patients. 
Long-term success of treatment 
was seen in 35% of patients. The 
concurrent presence of degenera-
tive spondylolisthesis was the 
only variable which was found to 
have a significant positive cor-
relation with successful outcomes 
(P < 0.009).

Positive short and 
long-term relief

Botwin et al 2007 
(112) 

Prospective 
evaluation 

34 patients with 
bilateral radicular 
pain from lumbar 
spinal stenosis. 

Fluoroscopi-
cally guided caudal 
epidural injections 
after failure of con-
servative care.

Visual analog 
scale, patient 
satisfaction scale, 
standing/walking 
tolerance scale 
and Oswestry low 
back pain disability 
questionnaire.

65% of patients at 6 weeks, 62% 
at 6 months, and 54% at 12 
months had a successful out-
come, reporting at least a > 50% 
reduction between pre-injection 
and post injection visual analog 
pain scores. 

Positive short and 
long-term relief
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status, and opioid intake with assessment at 3 months, 
6 months, and 12 months post-treatment. They de-
fined significant pain relief as 50% or more, whereas 
significant improvement in disability score was de-
fined as reduction of 40% or more. Patients were as-
signed randomly into 2 groups, with Group I patients 
receiving caudal epidural injections of local anesthetic 
(lidocaine 0.5%), whereas Group II patients received 
caudal epidural injections with 0.5% lidocaine, 9 mL, 
mixed with 1 mL of non-particulate Celestone. 

Significant pain relief (≥ 50%) was demonstrated 
in 55% to 65% of patients with functional status im-
provement with a 40% reduction in ODI scores in 55% 
to 80% of the patients. The overall average proce-
dures ranged from 3 to 4 with an average total relief 
of 23 to 30 weeks over a period of 52 weeks. However, 
when the groups were separated into failed groups 
and successful groups, the results improved somewhat 
with average relief ranging from 38 to 43 weeks over 
a period of one year with an average relief of 10 to 
15 weeks per procedure in overall population. There 
was also a reduction of opioid intake. Even though 
this is a small study, it was performed utilizing con-
temporary interventional pain management tech-
niques under fluoroscopic evaluation with appropri-
ate outcome parameters in a private practice setting, 
yet utilizing a randomization and double-blind design 
in an equivalence trial comparing local anesthetic and 
steroid. Thus, these results can be applied to popula-
tions across the United States. Further, this is the first 
randomized trial evaluating the role of caudal epidu-
ral injections in spinal stenosis. 

Of the multiple fluoroscopically directed studies, 
3 included caudal (100,104,112), whereas 2 were cau-
dal without fluoroscopy (96,111). Botwin et al (112) 
in a prospective evaluation evaluated 34 patients 

with bilateral radicular pain from lumbar spinal ste-
nosis with fluoroscopically guided caudal epidural 
injections after failure of conservative care. They ad-
ministered on average 2.2 injections per patient, all 
within 6 weeks of evaluation; 65% of the patients at 
6 weeks, 62% at 6 months, and 54% at 12 months 
had a successful outcome, reporting at least a greater 
than 50% reduction between pre-injection and post-
injection visual analog scale (VAS). They also report-
ed significant improvement in multiple other scores 
including sitting, standing, and satisfaction. Barré et 
al (100) in a retrospective evaluation of long-term ef-
ficacy of fluoroscopically guided caudal epidural ste-
roid injections for lumbar spinal stenosis evaluated 
80 patients receiving at least one caudal epidural ste-
roid injection between 1995 and 2002 with an aver-
age of 1.6 epidural steroid injections administered. 
They reported an improvement on the NRS of 50% 
or greater in 35% of patients with a functional im-
provement of 2 points or greater in 36 patients on a 
long-term basis. 

Delport et al (104) in a retrospective outcome 
study reported the results of 140 patients, at or over 
the age of 55 years diagnosed with lumbar spinal 
stenosis, treated with either fluoroscopically guided 
transforaminal or caudal epidural steroid injections. 
Overall, they reported improvement at 2 months in 
32% with 39% reporting less than 2 months of re-
lief and with improvement in functional abilities in 
53%. Of these, 91 patients, or 65%, received caudal 
epidural injections, whereas 59% of the patients re-
ceived both. However, all 3 studies suffer from mul-
tiple flaws. Botwin et al (112) and Barré et al (100) 
both utilized one to 3 epidural injections within a 
short time period and expected persistent relief. Fur-
ther, Delport et al (104) combined caudal and trans-

Table 14. Results of  effectiveness in evaluation in managing spinal stenosis.

Study
Study 

Characteristics
Methodological 
Quality Scoring

Participants

Pain Relief Results

3 mos 6 mos 12 mos
Short-

term relief  
≤ 6 mos.

Long-term 
relief  > 6 

mos.

Manchikanti 
et al 2008 (71) RA, DB 70 40 50% to 

65%
60% to 

65% 55% to 65% P P

Ciocon et al 
1994 (96) O 57 30 SI SI NA P NA

Botwin et al 
2007 (112) O 61 34 65% 62% 54% P P

RA = randomized;  O = observational; DB = double blind; NA = not available; SI = significant improvement; vs = versus; P = positive; 
N = negative
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foraminal epidural injections in multiple patients 
with a short-term follow-up. A series of 3 epidurals 
is an outdated procedural model, even though they 
utilized a contemporary approach with fluoroscopic 
utilization.

Effectiveness 
The one randomized trial evaluating spinal stenosis 

with or without steroids with local anesthetic showed 
positive results for short- and long-term relief. 

Observational studies also showed positive short-
term and long-term improvement. 

Table 14 illustrates results of effectiveness of caudal 
epidural steroid injection in managing spinal stenosis.

Discogenic Pain
Predominant low back pain without disc herniation 

is considered as discogenic pain. Close attention was 
paid to the studies evaluating the effectiveness of cau-
dal epidural injections in discogenic pain for inclusion 
criteria. One randomized trial (68) and 2 observational 
studies (65,66) met inclusion criteria based on meth-
odologic quality assessment and 2 of them (66,68) had 
long-term follow-up of at least one year with methodo-
logic quality criteria of 72, 73, and 76.

Study Characteristics
Descriptive characteristics are demonstrated in 

Table 15. 

Table 15. Study characteristics of  randomized trials and observational studies in managing discogenic pain with caudal epidural 
steroid injections.

Study/Methods Participants Intervention(s) Outcome(s) Result(s)

Conclusion(s)  
Short-term  

relief  ≤ 6 mos. 
Long-term  

relief  > 6 mos.

Manchikanti et 
al 2008 (68)

Randomized, 
double–blind 
equivalence trial

64 patients with 
chronic low back 
pain of discogenic 
origin, without 
disc herniation or 
radiculitis.

Group I patients received 
caudal epidural injections 
with local anesthetic of 
lidocaine 0.5% preserva-
tive free, whereas Group 
II patients received 
caudal epidural injections 
with 0.5% lidocaine, 9 
mL, mixed with 1 mL of 
steroid.

Timing: 3 mos., 6 
mos., and 12 mos. 
Outcome: average 
pain, functional 
status, psychologi-
cal status, narcotic 
intake, and employ-
ment status.

Significant pain relief (≥ 
50%) was demonstrated in 
72% to 81% of patients and 
functional status improve-
ment was demonstrated by 
a reduction of 40% in the 
ODI scores in 81% of the 
patients. The overall average 
procedures per year were 3.6 
± 1.05 in Group I and 3.9 
± 1.33 in Group II with an 
average total relief per year of 
32.3 ± 16.93 weeks in Group 
I and 30.7 ± 17.94
weeks in Group II over a 
period of 52 weeks.

Positive short-
term and long-
term relief

Manchikanti et 
al 2001 (66)

Randomized 
trial with con-
venient control 
group

70 pts after failed 
conservative 
management with 
physical therapy, 
chiropractic, and 
medication therapy. 
All pts were shown 
to be negative for 
facet joint pain. 

Group I : no treatment 
Group II: local anesthetic 
and Sarapin total of 20 
mL with 10 mL each.
Group III: 10 mL of local 
anesthetic and 6 mg of 
betamethasone.

Timing: 2 wks, 1 
month, 3 mos., 6 
mos., and 1 year. 
Outcome measures: 
Average pain, physi-
cal health, mental 
health, and func-
tional status. 

Average pain, physical health, 
mental health, functional 
status, narcotic intake, and 
employment improved 
significantly in Group II and 
Group III at 2 wks, 1 month, 
3 mos., 6 mos., and 1 year. 

Positive short-
term and long-
term relief

Manchikanti et 
al 2002 (65)

Prospective 
evaluation

62 pts evaluated. 
Negative provoca-
tive discography: 
45 pts.
Positive provocative 
discography: 17 pts. 

Caudal epidural injec-
tions (1-3) with or 
without steroids.

Timing: 1 mos., 3 
mos., and 6 mos.  
Outcome: average 
pain, functional 
status, psychologi-
cal status, narcotic 
intake, and employ-
ment status.

69% of the pts. in the nega-
tive discography group and 
65% of the pts in the positive 
discography group were in 
successful category. 

Positive short-
term. Long-term 
relief data not 
available.
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Effectiveness
Table 16 illustrates results of effectiveness of cau-

dal epidural injections in managing discogenic pain 
without disc herniation or radiculitis. 

Cost Effectiveness
The cost effectiveness of fluoroscopically directed 

caudal epidural steroids was $3,635 and that of trans-
foraminal steroids $2,927 per year, whereas for inter-
laminar epidural steroids the cost was $6,024 (107). 
In another study, the cost for one-year improvement 
for quality of life was $2,550 in patients treated with 
caudal epidural with local anesthetic and/or steroids 
under fluoroscopy (66). 

Level of Evidence
The level of evidence is variable for the 4 condi-

tions evaluated. The evidence is based on randomized 
trials and observational studies. 

The evidence is Level I for short- and long-term re-
lief in managing chronic low back and lower extrem-
ity pain secondary to lumbar disc herniation and/or 
radiculitis. The evidence is Level II-1 or II-2 for caudal 
epidural injections in managing low back pain of post-
lumbar laminectomy syndrome and spinal stenosis. 
The evidence is Level I for short- and long-term relief 
in managing chronic low back pain of discogenic ori-
gin without disc herniation or radiculitis. 

Recommendations
Based on the methodologic assessment and qual-

ity of evidence in grading recommendations by Guyatt 
et al (81) (Table 5), the recommendation for caudal 
epidural steroid injections in managing disc herniation 
and radiculitis and discogenic pain without disc herni-
ation or radiculitis is 1A or 1B/strong recommendation 
with moderate to high quality evidence, with benefits 
outweighing risks and burdens, methodologic quality 
of supporting evidence derived from randomized con-
trolled trials (RCTs).

Based on Guyatt et al’s (81) recommendations, 
the recommendation for caudal epidural injections 
in managing patients with post-lumbar laminec-
tomy syndrome and spinal stenosis is 1B or 1C. The 
evidence is obtained by RCTs without important 
limitations or observational studies. However, the 
evidence must be reconsidered if new evidence be-
comes available. 

Complications
Even though rare, the most common and worri-

some complications of caudal epidural injections are 
of 2 types: those related to the needle placement and 
those related to drug administration. Complications 
and side effects include infection, intravascular injec-
tion, extra epidural placement, hematoma formation, 
abscess formation, subdural injection, intracranial air 

Table 16. Results of  randomized and observational studies of  effectiveness of  caudal epidural steroid injections in managing 
discogenic pain.

Study
Study 

Characteristics
Methodological 
Quality Scoring

Participants

Pain Relief Results

3 mos. 6 mos. 12 mos.
Short-term 
relief  ≤ 6 

mos.

Long-
term 

relief  > 6 
mos.

Manchikanti et 
al 2008 (68) RA, DB 72 64 78% 75%  to 

81% 72% P P

Manchikanti et 
al 2001 (66) O 76 70 95% 85% 61% to 

73% P P

Manchikanti et 
al 2002 (65) O 73 62 86% 60% NA P NA

RA = randomized; DB = double blind; O = observational; P = positive; N = negative; NA = not available 



www.painphysicianjournal.com 	 129

Caudal Epidural Injections in the Management of Chronic Low Back Pain

injection, epidural lipomatosis, dural puncture, nerve 
damage, headache, increased intracranial pressure, 
vascular injury, cerebral vascular or pulmonary em-
bolus, and effects of steroids. 

Botwin et al (116) reported complications of fluo-
roscopically guided caudal epidural injections in 139 
patients, who received 257 injections. Complications 
per injection included insomnia the night of the in-
jection (4.7%), transient non-positional headaches 
(3.5%), increased back pain (3.1%), facial flushing 
(2.3%), vasovagal reactions (0.8%), nausea (0.8%), 
and increased leg pain (0.4%). The incidence of minor 
complications was 15.6% per injection.

Manchikanti et al (117) reported complications 
with pain during the injection with back pain in 43% 
of the patients and leg pain in 22% of the patients. 
They also noted postoperative complications in 34% of 
the patients with soreness at the injection site in 18%, 
increased pain in 5%, muscle spasms in 4%, swelling in 
4%, headache in 3%, minor bleeding in 2%, dizziness 
in 1%, nausea and vomiting in 1%, fever in 1%, numb-
ness in 1%, and voiding difficulty in 1%. Manchikanti 
et al (117,118) reported with fluoroscopically guided 
caudal epidural injections intravascular placement in 
14% of the patients. They also reported complications 
in 7% of the patients with soreness at the injection 
site in 6%, increased pain in 1%, muscle spasms in 1%, 
headache in 1%, and nausea and vomiting in 1%.

Other much less common complications include 
transient blindness (119), retinal necrosis (120), se-
rous chorioretinopathy (121,122), retinal hemorrhage 
(123), persistent recurrent intractable hiccups (124), 
flushing (125), chemical meningitis (126), nerve dam-
age (127), discitis (128-130), epidural hematoma (129), 
epidural abscess (130), and arachnoiditis (127). 

The major theoretical complications of corticoste-
roid administration include suppression of pituitary-
adrenal axis, hypercorticism, Cushing’s syndrome, 
osteoporosis, avascular necrosis of bone, steroid my-
opathy, epidural lipomatosis, weight gain, fluid re-
tention, and hyperglycemia (44,45,68-71,131). The 
most commonly used steroids in neural blockade in 
the United States, methylprednisolone acetate, tri-
amcinolone acetonide, betamethasone acetate, and 
phosphate mixture, have all been shown to be safe at 
epidural therapeutic doses in both clinical and experi-
mental studies (44,45,132-138).

Finally, radiation exposure is also a potential prob-
lem with damage to eyes, skin, and gonads (139-142).

Discussion

In this review, the effectiveness of caudal epidu-
ral injections was evaluated in patients with chronic 
low back and lower extremity pain secondary to disc 
herniation and radiculitis, post-lumbar laminectomy 
syndrome, lumbar spinal stenosis, and chronic low 
back pain of discogenic origin without radiculitis. This 
review showed Level I evidence for caudal epidural in-
jections with or without steroids for patients with disc 
herniation or radiculitis and discogenic pain without 
disc herniation or radiculitis, whereas the indicated 
evidence was Level II-1 or II-2 for chronic low back and 
lower extremity pain secondary to post-lumbar lami-
nectomy syndrome and spinal stenosis. The recommen-
dation provided based on Guyatt et al’s (81) criteria is 
1A or 1B/strong for caudal epidural injections with or 
without steroids in patients secondary to lumbar disc 
herniation or radiculitis or patients with discogenic 
pain with or without disc herniation or radiculitis. The 
recommendation is 1B or 1C/strong recommendation 
which may change when higher quality evidence be-
comes available for spinal stenosis and lumbar post 
surgery syndrome. In this review, 10 randomized trials 
and 5 observational studies were included in assessing 
the effectiveness in disc herniation, post lumbar lami-
nectomy syndrome, spinal stenosis, and discogenic 
pain. A total of 6 randomized trials met criteria for 
inclusion evaluating the role of caudal epidural injec-
tions in managing pain of disc herniation or radiculi-
tis, 3 randomized trials in managing low back pain of 
post-lumbar laminectomy syndrome, one randomized 
trial and 3 observational studies in managing pain sec-
ondary to lumbar spinal stenosis, and one randomized 
trial and 2 observational studies for managing chronic 
low back pain of discogenic origin without radiculitis 
and disc herniation.

The results of this systematic review are similar to 
some previous systematic reviews and guideline syn-
thesis (1,37,41), whereas they are in contradiction to 
other reviews (36,38,43). However, while some previ-
ous reviews (1,37,41) evaluated the evidence based 
on the route of administration, namely caudal, trans-
foraminal, or lumbar interlaminar, others (36,38,43) 
have evaluated combining multiple conditions and 
multiple techniques into one category, invariably 
leading to wrong conclusions (143-145). Further, in 
this study we have expanded the definition of short-
term relief to 6 months or less, whereas long-term 
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relief is defined as longer than 6 months, providing 
robust evidence. Even then, the results were positive, 
for both short- and long-term for all the conditions 
referred. In addition, this is the first systematic re-
view of the effectiveness of caudal epidural steroid 
injections as a separate category for post-lumbar 
laminectomy syndrome, spinal stenosis, and disco-
genic chronic low back pain.

The debate concerning caudal epidural steroid 
injections has been nurtured since the 1970s (1,36-
38,41,43). The first systematic review of the effec-
tiveness of caudal epidural steroid injections was 
performed by Kepes and Duncalf in 1985 (146). They 
concluded that the rationale for epidural and system-
atic steroids was not proven, however, in 1986, Ben-
zon (147), utilizing the same studies, concluded that 
mechanical causes of low back pain, especially those 
accompanied by signs of nerve root irritation, may 
respond to epidural steroid injections. Thus, this illus-
trates that systematic reviews have provided different 
results based on the evaluators. More recently, ACO-
EM guidelines (148,149) have provided negative evi-
dence for caudal epidural injections along with other 
epidural injections. However, a reassessment (37) per-
formed showed contrary results due to poor selection 
criteria and evidence synthesis by ACOEM guidelines. 
Manchikanti et al (144,145) also showed the delete-
rious effects of poor quality assessment and the rec-
ommendations. The different results may be due to a 
multitude of factors including inappropriate evidence 
synthesis and conflicts of interest (37,150-153). The de-
bate concerning epidural steroid injections took cen-
ter stage in the 1980s and 1990s with multiple publica-
tions (133,147,154).

Bogduk et al (154) extensively studied caudal, 
interlaminar, and transforaminal epidural injections, 
including all the literature available at the time, and 
concluded that the balance of published evidence sup-
ports the therapeutic use of caudal epidurals. In 1995, 
Koes et al (43) reviewed 12 trials of lumbar and caudal 
epidural steroid injections and reported positive results 
from only 6 studies. However, review of their analysis 
showed that there were 5 studies for caudal epidural 
steroid injections and 7 studies for lumbar epidural 
steroid injections. However, 4 of the 5 studies involv-
ing caudal epidural steroid injections were positive, 
whereas 5 of 7 studies for lumbar interlaminar were 

negative. Their updated analysis (155) with the inclu-
sion of 15 trials also arrived at the same conclusions 
with inappropriate allocation of the procedures. Mul-
tiple other investigators (36,38,43) also have provided 
differing conclusions. In general, criticism against sys-
tematic reviews in the past has been directed toward 
methodology, small size of the study populations, and 
other limitations, including long-term follow-up and 
outcome parameters on the available literature. Fur-
ther, paucity of literature has been a factor in the sys-
tematic evaluation of evidence for the effectiveness of 
epidural injections. 

This systematic review provides information that 
caudal epidural injections are effective and there may 
not be any significant difference with the addition of 
steroids. 

Conclusion

The results of this systematic review evaluating 
the effect of caudal epidural injections with or with-
out steroids in managing various types of chronic low 
back and lower extremity pain emanating as a result 
of disc herniation or radiculitis, post lumbar laminec-
tomy syndrome, spinal stenosis, and chronic disco-
genic pain without disc herniation or radiculitis has 
shown Level I evidence for short- and long-term re-
lief of chronic pain secondary to disc herniation or ra-
diculitis and discogenic pain without disc herniation 
or radiculitis. Further, this systematic review also pro-
vides indicated evidence of Level II-1 or II-2 for caudal 
epidural injections in managing chronic pain of post 
lumbar laminectomy syndrome and spinal stenosis. 
The results of this systematic review are provided uti-
lizing contemporary systematic review methodology 
utilizing randomized trials and observational studies, 
even though most of the evidence was derived from 
randomized trials. 
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