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Epidural Injections for Spinal Pain

A Systematic Review and Meta-analysis Evaluating the
“Control” Injections in Randomized Controlled Trials
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ABSTRACT

Background: Epidural steroid injection is the most fre-
quently performed pain procedure. This study of epidural
steroid “control” injections aimed to determine whether
epidural nonsteroid injections constitute a treatment or true
placebo in comparison with nonepidural injections for back
and neck pain treatment.

Methods: This systematic review with direct and indirect
meta-analyses used PubMed and EMBASE searches from
inception through October 2012 without language restric-
tions. Study selection included randomized controlled trials
with a treatment group receiving epidural injections of cor-
ticosteroids or another analgesic and study control groups
receiving ecither an epidural injection devoid of treatment
drug or a nonepidural injection. Two reviewers indepen-
dently extracted data including short-term (up to 12 weeks)
pain scores and pain outcomes. All reviewers evaluated stud-

ies for eligibility and quality.
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What We Already Know about This Topic

e Epidural nonsteroid injections (primarily local anesthetics) may
provide treatment for neuropathic pain via several potential
mechanisms

What This Article Tells Us That Is New

e This systematic review of the literature found that the few
available trials directly comparing epidural nonsteroid with
nonepidural injections showed no benefit

Indirect comparisons of the techniques from a larger number
of trials suggested epidural nonsteroid injections may confer
some benefit

Results: A total of 3,641 patients from 43 studies were
included in this systematic review and meta-analysis. Indi-
rect comparisons suggested epidural nonsteroid were more
likely than nonepidural injections to achieve positive out-
comes (risk ratio, 2.17; 95% CI, 1.87-2.53) and provide
greater pain score reduction (mean difference, -0.15; 95%
CL, -0.55 to 0.25). In the very limited direct comparisons,
no significant differences were noted between epidural non-
steroid and nonepidural injections for either outcome (risk
ratio [95% CIJ, 1.05 [0.88—1.25]; mean difference [95%
Cl], 0.22 [-0.50 to 0.94]).

Conclusion: Epidural nonsteroid injections may provide
improved benefit compared with nonepidural injections
on some measures, though few, low-quality studies directly
compared controlled treatments, and only short-term out-
comes (<12 weeks) were examined.

PINAL pain is a leading cause of disability in the indus-
trialized world. The lifetime prevalence for low back pain
ranges between 50 and 80%!; for neck pain, the estimates
are between 50 and 67%.*? Compounding the high disease
burden is the absence of any reliably effective treatment.
More than one third of back pain cases can be classified
as predominantly “neuropathic.” The distinction between
nociceptive and neuropathic spinal pain has significant
treatment implications in that the latter may be more
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amenable to therapy. A cornerstone of conservative treat-
ment for radiculopathy is epidural steroid injections (ESI),
which have been used for more than 50 yr.> In the United
States, ESI are the most commonly performed interven-
tion for pain.®

Despite their frequent use, the question of whether ESI
afford long-term benefit is mired in controversy. Recent
reviews demonstrate a glaring lack of consensus. Most
experts concede that ESI provide at least short-term pal-
liation in well-selected patients, but the results are divided
as to whether they confer long-term benefit.”2° In one
review that evaluated the effect physician specialty has on
conclusions regarding efficacy, 15 of 23 systematic or evi-
dence-based review articles concluded that ESI are effec-
tive, with those reviews performed by interventionalists
being approximately three times more likely to be positive
compared with reviews conducted by noninterventionalist
physicians.?’

Challenges in evaluating ESI studies include disparities in
selection criteria, injection parameters, and criteria for suc-
cess. It is generally acknowledged that patients with shorter
duration of symptoms, radicular symptomatology, lesser
disease burden, and the absence of coexisting psychosocial
pathology, fare better with therapeutic interventions.” 162831
But what is not commonly appreciated is the impact the
“control” injection has on outcomes.

Two main types of “control” injections are used in ESI
randomized controlled trials (RCTs): epidural saline or local
anesthetic [epidural nonsteroid injection (ENSI)]; and intra-
muscular or ligamentous injections (nonepidural). In evaluat-
ing the literature, most experts fail to discern the differences,
considering them as “equivalent placebos.” However, the
potential benefit of corticosteroids for a chronic condition
devoid of an inflammatory component is minimal. In addi-
tion, recent studies suggest that radiculopathy may also result
from chemical irritation of nerve roots due to inflammatory
cytokines released from herniated discs.>*** Hence, ENSI
may provide significant pain relief by several mechanisms:
diluting inflammatory cytokines; lysing scar tissue; enhanc-
ing blood flow to ischemic nerve roots*; suppressing ectopic
discharges from injured nerves®>; and “unwinding” central
sensitization. However, few investigators have entertained
this possibility.”?$31:3637 If ENSI provide benefit, then the
proportion of controlled studies evaluating ESI in which the
results are positive should be less when the control group
received ENSI than for nonepidural injections, because the
former constitutes a comparative-effectiveness study. The
purpose of this study is to examine whether epidural injec-
tions of noncorticosteroid mixtures constitute a treatment
or true placebo in patients with spinal pain. This was done

|| Higgins JPT, Altman DG, Sterne JAC: Assessing risk of bias in
included studies, Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 (updated March 2011). Edited by Hig-
gins JPT, Green S. The Cochrane Collaboration, 2011. Available at:
www.cochrane-handbook.org. Accessed June 3, 2013.
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Meta-analysis of Epidural Steroid “Control” Injections

by comparing between-group differences for pain outcomes
from RCTs in which the “control” injectate was adminis-
tered epidurally (ENSI), with those in which it was injected
into the soft tissue (nonepidural injection).

Materials and Methods

Data Sources and Searches

This quantitative systematic review and meta-analysis fol-
lowed recent methodological guidelines.®®* A search of
PubMed and EMBASE databases using the terms “epidural
steroid,” “epidural injection,” “caudal,” “segmental nerve
block,” “nerve root block,” and “transforaminal injection”
was performed without publication date or language restric-
tion in April 2009, and repeated in October 2012. Besides
online language tools, in-person translation services were
provided through the Johns Hopkins Hospital international
services translation program. Search limitations included
RCTs and adults older than 18 yr of age. Additional studies
were identified through hand searches of ESI review refer-
ence lists. Figure 1 and table 1 show further details of the
search strategy. Among 690 potentially eligible studies, 244
duplicate references were excluded leaving 446 studies for
evaluation, with another 356 deemed ineligible after initial
abstract screening. This left 90 articles for final review.

Study Selection

All authors performed study selection by consensus. Eligible
studies included only RCTs with: (1) patients with back or
neck pain with or without radiculopathy; (2) a treatment
group receiving epidural injections of corticosteroids or
another analgesic; (3) a control group receiving either an
epidural injection devoid of treatment drug or a nonepidural
injection; and (4) short-term outcome data up to 12 weeks
after the initial injection (if the injection scheme was open-
ended) or after the final injection in an injection series. On
the basis of these criteria, 47 studies were further excluded.
The remaining 43 studies comprised the systematic review.
For inclusion in the meta-analysis, studies had to present
numeric pain data including SD.

Data Extraction

Data extraction was performed independently by two
authors (Drs. Bicket and Gupta), and included patient char-
acteristics, control and treatment injections, rating scores for
pain, pain symptoms, and disability scores. Variables includ-
ing number and percentage of patients, and mean with SD,
were extracted, calculated from primary data, or estimated
from figures. When not given, SD was calculated using stan-

dard errors (SE) and 95% CI.

Quality and Risk of Bias Assessment

Study risk of bias was assessed using a Cochrane risk of bias
tooll and secondarily using Jadad’® methodological qual-
ity scale, whereas an ESI technical quality scale evaluated
stringency of selection criteria (table 2). The ESI technical

Bicket et al.
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Records identified through
database search
(n= 642)

Additional records identified
through other sources

(n =48)

A 4

removed
(n = 446)

Records screened after duplicates

Records excluded
during initial
evaluation
(n =356)

A 4

Full-text articles

(n = 90)

assessed for eligibility

Full-text articles excluded
(n=47)

No “control injection” group (n = 23)

!

No ESI group (n = 8)
Duplicate studies (n = 8)

(n=43)

Studies included in
systematic review

Not a randomized clinical trial (n = 7)
Only long-term follow-up (n = 1)

A

A 4

Studies included in
meta-analysis of
positive response

Epidural Non-steroid vs.
Non-epidural Injection
(n=2)

ESI vs. Epidural
Non-steroid Injection
(n=23)

ESI vs. Non-epidural Injection
(n=7)

ESI vs. Non-epidural Injection

Studies included in
meta-analysis of
pain score reduction

Epidural Non-steroid vs.
Non-epidural Injection
(n=2)

ESI vs. Epidural
Non-steroid Injection
(n=22)

(n=4)

Fig. 1. Flow diagram demonstrating study search results. ESI = epidural steroid injection.

quality scale was developed by the investigators after a review
of clinical studies evaluating factors associated with treat-
ment outcomes for ESI and back pain in general.?%30:41-60
The questions chosen were designed to identify those factors
most likely to be associated with treatment response, and
to address relevant methodological concerns not reflected in
the methodological assessments (e.g., avoidance of cointer-
ventions). This scale was then reviewed with slight modifica-
tions by two disinterested Pain Medicine Program Directors
at nonstudy institutions, underwent test—retest reliability
assessments (>95%) by three study investigators, and is con-
sistent with other rating scales used to evaluate technical
quality and clinical relevance for procedural interventions.®!
Although its design suggests possible face, content, and con-

struct validity,®> the scale was not formally validated in a

Anesthesiology 2013; 119:907-31 909

clinical trial. All bias and technical ratings were performed
by two of three authors independently (Drs. Brown, Gupta,
and Bicket). In the event of disparate ratings, a third author
(Dr. Cohen) adjudicated the results. Low methodologi-
cal quality studies had at least one high likelihood of bias
Cochrane risk domain or fulfilled less than three Jadad crite-
ria, whereas low technical quality studies scored less than 4
points on the ESI technical quality scale.

Statistical Analysis

Categorical pain ratings were transformed into a dichoto-
mous “positive response” variable, with “positive response,”
“success,” “relief of pain,” and “50% or more reduction in
pain” representing positive responses. Visual and numeri-
cal pain ratings were transformed into a continuous 0—10

Bicket et al.
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Table 1. Details of Search Strategy

Meta-analysis of Epidural Steroid “Control” Injections

Search strategy terms for PubMed and EMBASE databases completed on October 16, 2012.

PubMed search terms were:

(Epidural[All Fields] AND (“steroids”[MeSH Terms] OR “steroids”[All Fields] OR “steroid”[All Fields]))

OR caudal[All Fields]

OR (selective[All Fields] AND nerve[All Fields] AND (“roots”[All Fields] OR “root”[All Fields]) AND block[All Fields])
OR (segmental[All Fields] AND nerve[All Fields] AND (“roots”[All Fields] OR “root”[All Fields]) AND block[All Fields])
OR (transforaminal[All Fields] AND (“pain”[MeSH Terms] OR “pain”[All Fields]))

AND (“humans”[MeSH Terms] AND Randomized Controlled Trial[ptyp] AND “adult’[MeSH Terms])

EMBASE search terms were:

#1 “epidural”/exp OR epidural AND (“steroid”/exp OR steroid)

#2 caudal

#3 segmental AND (“nerve”/exp OR nerve) AND root AND block
#4 selective AND (“nerve”/exp OR nerve) AND root AND block

#5 transforaminal AND (“pain”/exp OR pain)

#6 #1 OR #2 OR #3 OR #4 OR #5 AND “randomized controlled trial”’/de AND ([adult}/lim OR [aged]/lim)

rating scale and, when presented, analyzed by body site
(global, leg, back). When global pain ratings were not avail-
able for aggregate analysis, leg pain ratings were used in
their place.?”52¢-% Baseline and comparison data were the
most recent data points available before and after the first
injection (or injection series), respectively. All comparison
data were observed within 12 weeks of the initial injection
(if the injection scheme was open-ended) or after the final
injection in the first injection series. Data on intramuscular
steroids and intramuscular saline/local anesthetic were com-
bined as a comparison group for nonepidural injections,
a decision consistent with RCTs and systematic reviews
demonstrating a lack of efficacy of parenteral steroids for
sciatica.”%”!

The principal summary measures were positive response
(dichotomous) and pain score reduction on an 11-point rat-
ing scale (continuous). Effect size of dichotomous data was
calculated as relative risk (RR), which represents the risk
of a positive response for pain relief in the ESI treatment
group divided by risk of a positive response in the control
group. Effect size of continuous data was calculated as mean

Table 2. ESI Technical Quality Rating Scale

difference (MD), which represents the difference in pain
score reduction between the two groups.

Random effects models were examined. Heterogeneity
was measured by 2 which assessed variability among studies
not attributable to chance alone. Significant heterogeneity
was present with /2 values of more than 50%. To assess for
small study effects and possible publication bias, a funnel
plot was analyzed when more than 10 studies were pres-
ent. Indirect comparisons of aggregate data were performed
by calculating differences in pertinent treatment outcomes
using the formulas log(RR,;) - log(RR,.) = log(RR;);
MD,, - MD,. = MD,; and SE,;? + SE, ? = SE, 2./
Quality analysis was performed excluding each group of
low-quality studies for both methodological and technical
scores, and body site analysis was performed by substituting
back pain for leg pain data. Calculations were done using
Microsoft Excel 2011 (Microsoft Corp., Redmond, WA),
RevMan Version 5.1.7. (The Cochrane Collaboration, The
Nordic Cochrane Centre, Copenhagen, Denmark, 2011),
and Stata 12 (StataCorp LD, College Station, TX). Statistical
significance for all tests was set at a 2 value of 0.05 or less.

. Excluded patients with previous surgery: 1 point*'42

1
2. Excluded patients with poorly controlled coexisting psychiatric diagnosis: 1 point?84344
3. Excluded patients with ongoing litigation, secondary gain (e.g., Workers’ compensation) or signs of nonorganic

pathology (i.e., Waddell signs): 1 point*>46

4. Included only patients with pain <6 months (2 points) or 1 yr (1 point): up to 2 points?347
5. Radiographic guidance used (1 point) and contrast injected (1 point); injection under direct visualization acceptable

substitute; up to 2 points*-5°

6. Included only patients with leg/arm pain > back/neck pain (1 point); presence of signs or symptoms of nerve root
tension (e.g., positive straight leg raising test, EMG/NCS evidence of radiculopathy, or sensory or motor changes) (1

point); up to 2 points'6:26-8051

7. Included only patients with herniated disc (2 points), or herniated disc, foraminal narrowing, osteophyte formation,

and spinal stenosis (1 point); up to 2 points!316:24.52

8. Study appropriately powered or >50 patients enrolled>35*: 1 point

9. Cointerventions avoided or controlled'?'6:38: 1 point

EMG = electromyography; ESI = epidural steroid injection; NCS = nerve conduction study.

Anesthesiology 2013; 119:907-31

Bicket et al.

20z Iidy 60 U0 3s8nb Aq Jpd*L.£000-0 0001 €10Z/06E292/L06/7/6 1 L/Ppd-8oiie/ABojoISBYISBUER/WOD IBYDIBA|IS ZESE//:dJY WOI) papeojumoq



Study

PAIN MEDICINE

Systematic Review

Meta-analysis:
Positive Response

Meta-analysis:
Pain Score Reduction

ENSI ESlvs ESlvs

ENSI ESIvs ESlvs

ENSI ESIvs ESlvs

All

vs NEI ENSI

NEI

vs NEI ENSI  NEI vs NEI ENSI  NEI

Anderberg 2007

v

Arden 20057

Becker 2007"*

Beliveau 19717

Breivik 19767

AY

Bush 19917

Carette 1997%°

Cohen 2009®

Cohen 2012%

SIS [S S

Cuckler 1985™

Dilke 1973%

Ghahreman 2010%'

Hesla 1979%

+ |+ |+

Iversen 2011

Karppinen 2001

AY

Klenerman 1984°%

Kraemer 1997%

Manchikanti 2008%°

Manchikanti 2008%

SIS[S S

Manchikanti 2011%”

Manchikanti 2012%

Manchikanti 20125

Manchikanti 2012%

Manchikanti 2012%

Manchikanti 2012%

Manchikanti 2012%

Manchikanti 2012

Manchikanti 2012%°

SISISISISS]SSS8S

SISISISISS[8 S

Mathews 1987

Meadeb 2001%"

Nam & Park 2011

Ng 2005%°

Price 2005%

Ridley 1988%

Rocco 1989

Rogers 1992

Sayegh 2009

Snoek 1977'%

Stav 1993

Tafazal 2009'%®

Vad 2002'

Valat 2003"”

SIS IS SIS S SIS SIS S S S S S S S S S S S S S S SIS S S S SIS S S S SIS SIS S S 88 s
'

Wilson-MacDonald 2005 +

Total 43 3 35

12

2 23 7 2 22 4

Fig. 2. Study inclusion by comparison group. “v” = studies included in analysis; “+” = studies showing benefit; “~” = studies not
showing benefit; ENSI = epidural nonsteroid injection; ESI = epidural steroid injection; NEI = nonepidural injection.

Results

Systematic Review

In the systematic review, 43 studies provided data for
ESI treatment and control groups representing 3,641
patients®°20>-6973-108 (fig 2)  Table 3 summarizes study
design, patient population, injection groups, outcome
measures, and results. Sample sizes ranged from 22 to 228
patients. Injections varied by location, route, frequency,
volume, and steroid and local anesthetic content. The
number of injections was one in 9 studies, two in 5 stud-
ies, three in 4 studies, and a variable number in the remain-
ing 25 studies. Five studies reported on cervical injections,

Anesthesiology 2013; 119:907-31
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25 studies on lumbar injections, and 13 on caudal injections.
Twenty-eight studies were of both high methodological and
technical quality (fig. 3 and table 4).

Three studies directly compared epidural nonsteroid with
nonepidural injections.®” 1% Both injections were examined
in one study of high methodological and technical quality
with 130 patients using four “control” groups. In this study®!
the proportion of patients with 50% or more pain relief was
not significantly different among all comparison groups: 7%
for transforaminal local anesthetic, 19% for transforaminal
saline, 21% for intramuscular steroids, and 13% for intra-
muscular saline. No difference in pain score reduction was

Bicket et al.
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Meta-analysis of Epidural Steroid “Control” Injections

Table 3. Characteristics of Included Studies

Study Patient
Author Design Population Treatment Group
Anderberg®? RCT P 40 patients with cervical radiculopa- One TF cervical epidural injection with
thy diagnosed by MRI and selective 0.5ml mepivicaine 1% and 40 mg
nerve root blocks. methylprednisolone at 1 or 2 levels.
Arden’® RCT P DB 228 patients with a clinical diagnosis of  Up to three IL ESI every 3wk containing
unilateral lumbar radiculopathy. Acute 80 mg triamcinolone and 10ml
symptoms in one third of patients. bupivacaine 0.25%.
Becker™ RCT P DB 32 patients with unilateral lumbar Group A: three oblique lumbar IL
radiculopathy. epidural injections with 10mg
triamcinolone and 1 ml LA at weekly
intervals
Group B: three oblique lumbar
IL epidural injections with 5mg
triamcinolone and 1 ml LA.
Béliveau™ RCT 48 patients with unilateral lumbosacral One or more epidural injections of
radiculopathy. 80mg depomethylprednisolone and
40ml procaine 0.5% in saline.
Breivik’® RCT P DB 35 patients with chronic lumbar Up to three caudal injections of 20
radiculopathy. cc bupivacaine 0.25% with 80mg
methylprednisolone at 1-wk intervals.
Bush’” RCT P DB 23 patients with lumbosacral Two caudal injections at a 2-wk interval
radiculopathy. of 80 mg triamcinolone and 25 ml
procaine 0.5% in saline.
Carette® RCT P DB 158 patients with lumbosacral radicu- Up to three epidural injection with

lopathy <12 mo in duration due to
herniated nucleus propulsus.

80 mg methylprednisolone in 8 ml
saline at 3-wk intervals.

Anesthesiology 2013; 119:907-31
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Control Group

Outcome Measures

Results

Comments

One TF cervical epidural
injection with 0.5ml
mepivacaine 1% and
1ml salineat 1 or2
levels.

Up to three interspinous
ligament injections with
2ml of saline.

Oblique lumbar IL injection
with interleukin-1 recep-

tor antagonist enriched
autologous conditioned
serum.

One or more epidural
injection with 40 ml pro-
caine 0.5% in saline.

Up to three caudal injec-
tions of 20 cc bupiv-
acaine 0.25% followed
by 100 ml saline at 1-wk
intervals.

Two caudal injections at a
2-wk interval of 25 ml of
saline.

Up to three epidural injec-
tions of 1 ml saline.

VAS, unvalidated ques-
tionnaire developed by
authors. Follow-up at
3wk.

VAS, ODI, missed work,

analgesic usage, and
surgery. Followed up to
1yr.

VAS, ODI. Followed up to

22 wk.

Pain scale and physical
exam. Followed up to
3 mo.

Pain, work status, and
physical exam. Followed
up to 3-20 mo.

VAS, QOL, and physical

exam. Followed up to
1yr.

VAS, ODI, functional

capacity, perceived
improvement, physical
exam, sickness profile,
analgesic consumption.
Followed up to 12 wks.

Both groups experienced

modest improvement at
3wk, but no differences
between groups.

Within-group VAS, ODI

improvement in treat-
ment group noted at
3wk and throughout
study. No within-group
differences for control at
3wk but some after-
ward. Between-

group differences in
VAS, ODI only at 3wk.
No differences in other
outcomes.

Within-group VAS, ODI

improvements in all
groups. Trend toward
superiority with interleu-
kin-1 antagonist at all
time points. Between-
group difference in

VAS only at 22 wk with
autologous serum group
>5mg triamcinolone. No
between-group differ-
ences in ODI.

Within-group differences

throughout 3 mo in both
groups. No between-
group differences.

Within groups, both

improved from baseline
at follow-up. Treatment
group > control group.

Within groups at 4 wks,

there was no improve-
ment in the control group
but improvement in the
treatment group. At 1

yr, there was significant
within-group improve-
ment in both groups,
with minimal differences
between groups.

Both groups improved

from baseline between 3
and 12 wk. No significant
differences between
groups except treatment
patients had greater
finger-to-floor movement
and less sensory deficits
at different time points.

Same technique used for
diagnostic blocks and ther-
apeutic TF injections. Study
not blinded or adequately
powered.

Fluoroscopy not used. MRI
not used to confirm
pathology.

Fluoroscopy not used.
Oblique IL approach poorly
described. Study not
adequately powered. No
mention of volume injected
in “serum” group.

Fluoroscopy not used. Study
not blinded. Authors felt ster-
oids superior in patients with
long duration of severe pain.

No fluoroscopy used. Signifi-
cant heterogeneity between
groups. Unclear when
outcomes assessed. Some
radiculographies were
normal.

Fluoroscopy not used. Of five
patient dropouts due to
worsening symptoms, four
were in placebo group.

Fluoroscopy not used. Mean
number of injections was
similar in each group.

(Continued)

Anesthesiology 2013; 119:907-31
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Table 3. (Continued)

Meta-analysis of Epidural Steroid “Control” Injections

Author

Study
Design

Patient
Population

Treatment Group

Cohen’®

Cohen®”

Cuckler™

Dilke®?

Ghahreman®’

Hesla®®

Iversen®”

Karppinen®?

Klenerman?®?

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCTP DB
crossover

RCT P DB

RCT P DB

RCT P

24 patients with lumbosacral radicu-
lopathy <9 mo duration.

84 patients with lumbosacral radicu-
lopathy <6 mo in duration secondary
to disc pathology.

73 patients with acute lumbar herniated
disc or spinal stenosis.

100 patients with unilateral lumbosacral
radiculopathy.

130 patients with lumbosacral radicu-
lopathy secondary to herniated disc.

26 patients with chronic lumbosacral
radiculopathy.

116 patients with lumbar radiculopathy
>12wk.

160 patients with unilateral lumbosacral
radiculopathy <6 mo in duration.

63 patients with unilateral sciatica
<6-mo duration.

Two TF epidural injections at 2-wk
intervals of etanercept 2, 4, or 6mg
diluted in 2ml.

Two TF injections of 0.5 ml bupivacaine
0.5% + 60 mg depomethylprednio-
solone 60 mg at 2-wk intervals. Two
TF injections of 0.5ml bupivacaine
0.5% + 4mg etanercept at 2-wk
intervals.

Epidural injection at L3-4 with 5ml 1%
procaine 1%, 80mg methylpredniso-
lone, and 2 ml water.

Epidural injection of 80 mg methyl-
prednisolone in 10ml saline. Repeat
injection at 1 wk if required.

Single TF injection of 70 mg triamci-
nolone + 0.75ml bupivacaine 0.5%.
Repeat injection at 1wk if required.

Three caudal injections of 20 ml bupiv-
acaine 0.25% + 80mg methylpredni-
solone.

Two caudal injection of 1 ml triamci-
nolone 40mg + 29 ml saline at 2-wk
intervals.

Single lumbar TF ESI of 40mg meth-
ylprednisolone in 2ml bupivacaine
0.5%. S1 TF ESI of 40mg methyl-
prednisolone in 3ml bupivacaine
0.75%.

Single lumbar IL ESI of 80 mg methyl-
prednisolone in 20 ml saline.
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PAIN MEDICINE

Control Group

Outcome Measures

Results

Comments

Two TF epidural injections
at 2 wk-intervals of 2ml
saline.

Two TF injections of 0.5ml
bupivacaine 0.5% +
1.5ml saline at 2-wk
intervals.

Epidural injection at L3-4
with 5ml procaine 1%
+ 2ml saline. If <50%
improvement within 24 h
then treatment injection
given.

1ml saline injected into
ligament. Repeat injec-
tion at 1wk if required.

Single TF injection of
2ml bupivacaine 0.5%.
Single TF injection of
2ml saline. Intramuscu-
lar triamcinolone 70 mg
(1.75ml). Intramuscular
2ml saline. Repeat injec-
tion at 1wk if required.

Caudal 20 ml bupivacaine
+ 80 mg methylpredniso-
lone intramuscular.

Two subcutaneous injec-
tions of 2ml saline at
2-wk intervals. Two cau-
dal injections of 30ml
saline at 2-wk intervals.

Same TF injection scheme
and volume of saline

Single lumbar IL injection
of 20ml bupivacaine
0.25%. Single lumbar IL
injection of 20ml saline.
Dry needling into the
interspinous ligament.

VAS of leg and back pain,
functional capacity,
analgesic usage, satis-
faction. Followed up to
6 mo.

VAS, functional capac-
ity, medication usage,
satisfaction, and surgery
rate. Followed up to 6
mo.

>75% pain relief. Followed
up to 24h and 13-30 mo
postinjection.

Pain relief, physical exam,
analgesic consumption,
and work status. Fol-
lowed up to 3 mo.

Proportion of patients with
>50% pain relief lasting
>1 mo, functional and
psychological improve-
ment, use of rescue
medications and other
treatment, and surgery
rate, followed up to 1
mo. Responders fol-
lowed up to 1 yr.

Return to work. Followed
up to 1 yr.

ODI, VAS of leg/back, and
QOL. Followed up to
1yr.

VAS of leg/back, ODI,
QOL, physical exam,
and economic assess-
ment. Followed up to
1yr.

VAS, physical exam,
clinician-judged patient
response. Followed up
to 10 wk.

Within-group improvement
at baseline throughout
study. Etanercept >
control.

Within-group differences
throughout 6 mo. In all
groups. Nonstatistically
significant differences
favoring steroids at 1 mo
but not 3 or 6 mo.

After 24 h, significant
improvement in both
groups. No difference
between groups. At
mean 21-mo follow-up,
24% of treatment group
improved vs. 15% of
control group (P value
not significant).

Within-group difference
only in treatment group.
Treatment > control
group throughout study.

Within-group differences
at 1 mo for TF steroids,
TF saline, and intramus-
cular steroids. Between
groups: TF steroids > TF
saline = intramuscular
steroids > intramuscu-
lar saline and TF local
anesthetic.

Within-group improvement
in both groups. Treat-
ment > control.

Within-group differences
for all groups. No
significant differences
between treatment and
control groups.

Within groups, both
groups improved for leg
and back pain at all time
points. At 2wk, treat-
ment > control group for
leg pain. No difference
at 1 yr, although at 6
mo, the control group >
treatment group.

Within groups, improve-
ment in all groups.
Between groups, no
difference at 10 wk.

Small pilot study. Patients
unblinded at 3 mo. No
dose-response.

Treatment failures unblinded
at 1 mo.

Fluoroscopy not used. 36
patients (18 in each group)
with <560% improvement
at 24 h had a nonblinded
steroid + LA injection.
Steroids take >24 h to exert
full effect.

Fluoroscopy not used. All
patients received rehabilita-
tion.

Most patients followed up for
only 1 mo. No difference in
rates of surgery between
groups. Minimal differences
between groups in dura-
tion of relief. Nonsignificant
lower percentage of treat-
ment group had chronic
pain.

Fluoroscopy not used.

Sham group had greater base-
line disease burden. MRI
findings not an inclusion
criterion. 1 ml steroid diluted
in 30ml is extremely small
dose for caudal injection.

Fluoroscopy not used.

(Continued)
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Table 3. (Continued)

Meta-analysis of Epidural Steroid “Control” Injections

Author

Study
Design

Patient
Population

Treatment Group

Kraemer® (1)

Kraemer® (2)

Manchikanti®®

Manchikanti®®

Manchikanti”

Manchikanti®®

Manchikanti®®

Manchikanti®°

Manchikanti®’

Manchikanti®

RCT P

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

133 patients with unilateral lumbosacral
radiculopathy secondary to single
nerve root compression.

49 patients with unilateral lumbosacral
radiculopathy secondary to single
nerve root compression.

84 patients with lumbar disc herniation
or radiculitis of at least 6 mo
duration.

40 patients with failed back surgery
syndrome of at least 6-mo duration.
All subjects had leg pain.

120 patients with lumbar discogenic
pain without herniation or radiculitis
of at least 6-mo duration.

56 patients with cervical postsurgery
syndrome of at least 6-mo duration.

120 patients with lumbar disc hernia-
tion or radiculitis of at least 6-mo
duration.

100 patients with lumbar spinal ste-
nosis with radiculopathy of at least
6-mo duration.

60 patients with lumbar spinal stenosis
of at least 6-mo duration.

60 patients with cervical spinal stenosis
of at least 6-mo duration.

Three TF epidural injections of 10mg
triamcinolone + 1ml LA in 1wk.
Three IL epidural injections of same
injectate.

Three TF epidural injections of 10mg
triamcinolone + 1ml LA in 1wk.

Caudal ESI with betamethasone 6 mg
or 40mg of methylprednisolone +
9ml lidocaine 0.5%. Procedures
repeated as required when pain
returned to 50% of baseline.

Caudal ESI with betamethasone 6 mg
+ 9ml lidocaine 0.5%. Procedures
repeated as required when pain
returned to 50% of baseline.

Caudal ESI with betamethasone 6 mg
or methylprednisolone 40mg + 9ml
lidocaine 0.5%. Procedures repeated
as required when pain returned to
50% of baseline.

Cervical IL ESI with betamethasone
6mg + 4ml lidocaine 0.5%. Proce-
dures repeated as required when
pain returned to 50% of baseline.

Caudal ESI with betamethasone 6 mg
or methylprednisolone 40mg + 9ml
lidocaine 0.5%. Procedures repeated
as required when pain returned to
50% of baseline.

Caudal ESI with betamethasone 6 mg
+ 9ml lidocaine 0.5%. Procedures
repeated as needed when pain
returned to 50% of baseline.

Lumbar IL ESI with betamethasone
6mg + 6ml lidocaine 0.5%. Proce-
dures repeated as required when
pain returned to 50% of baseline.

Cervical IL ESI with betamethasone
6mg + 4ml lidocaine 0.5%. Proce-
dures repeated as needed when pain
returned to 50% of baseline.
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PAIN MEDICINE

Control Group

Outcome Measures

Results

Comments

Three paravertebral LA
injections in 1 wk.

Intramuscular triamci-
nolone 10mg + 1ml TF
epidural saline.

Caudal epidural injection
with 10ml lidocaine
0.5%. Procedures
repeated as needed
when pain returned to
50% of baseline.

Caudal epidural injection
with 10ml lidocaine
0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Caudal ESI with 10 ml lido-
caine 0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Cervical IL epidural injec-
tion with 4 ml lidocaine
0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Caudal epidural injection
with 10ml lidocaine
0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Caudal ESI with 10ml lido-
caine 0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Lumbar IL epidural injec-
tion with 5ml lidocaine
0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Cervical IL epidural injec-
tion with 4 ml lidocaine
0.5%. Procedures
repeated as needed
when pain returned to
50% of baseline.

Leg/back pain ratings,
work status, ability to do
sports, physical exam.
Followed up to 3 mo.

Leg/back pain ratings,
work status, ability to do
sports, physical exam.
Followed up to 3 mo.

NRS, ODI, employment,
opioid intake. Followed
up to1yr

NRS, ODI, employment,
opioid intake. Followed
up to1yr.

NRS, ODI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, NDI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, ODI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, ODI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, ODI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, NDI, employment
status, opioid intake.
Followed up to 1 yr

Within-group differences
in all groups. TF epidural
steroid > IL epidural
steroid > control group.

For within-group analysis,
>75% of patients in both
groups had fair or good
results Treatment group
> control group.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

CT guidance used for some
injections.

CT guidance used for some
injections. All injections by
same doctor.

Repeat injections limited dif-
ferences between groups.
Preliminary results for a
120-patient study.

Repeat injections limited dif-
ferences between groups.
Preliminary results for a
120-patient study. Benefi-
cial effect may have been
partly due to lysis of adhe-
sions.

Repeat injections limited dif-
ferences between groups.

Repeat injections limited dif-
ferences between groups.
Preliminary results for a
120-patient study.

Repeat injections limited dif-
ferences between groups.

Repeat injections limited dif-
ferences between groups.

Repeat injections limited dif-
ferences between groups.
Preliminary results for a
120-patient study.

Repeat injections limited dif-
ferences between groups.
Preliminary results for a
120-patient study.
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Table 3. (Continued)

Meta-analysis of Epidural Steroid “Control” Injections

Author

Study
Design

Patient
Population

Treatment Group

Manchikanti®?

Manchikanti®

Manchikanti®

Mathews®

Meadeb®”

Nam and Park®8

Ngﬁg

Price%

Ridley®®

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P DB

RCT P

RCT P DB

RCT P DB

RCTP DB
crossover

120 patients with chronic lumbar axial
or discogenic pain of at least 6-mo
duration.

120 patients with cervical disk hernia-
tion or radiculitis of at least 6-mo
duration.

140 patients with post lumbar surgery
syndrome of at least 6-mo duration.

57 patients with uniradicular lumbar
pain with neurological deficit.

47 patients with postsurgical lumbosa-
cral radiculopathy not caused by
nerve compression.

36 patients with lumbar scoliosis and
stenosis.

86 patients with unilateral lumbosacral
radiculopathy.

228 patients with unilateral lumbosacral
radiculopathy <18 mo in duration.

39 patients with symptoms of sciatic
nerve compression.

Lumbar IL ESI with betamethasone
6mg + 5ml lidocaine 0.5%. Proce-
dures repeated as needed when pain
returned to 50% of baseline.

Cervical IL ESI with betamethasone
6mg + 4ml lidocaine 0.5%. Proce-
dures repeated as required when
pain returned to 50% of baseline

Caudal ESI with betamethasone 6 mg
+ 9ml lidocaine 0.5%. Procedures
repeated as needed when pain
returned to 50% of baseline.

Up to three caudal ESI with 2ml
methylprednisolone 80mg + 20ml
bupivacaine 0.125% at 2wk intervals
as needed.

Three caudal epidural injections with
125mg prednisolone + 20ml saline at
1-mo intervals. Three caudal epidural
injections with 125 mg prednisolone
only at 1-mo intervals.

Up to two TF ESls of 20 mg triamci-
nolone + 1.5ml lidocaine 0.5% at
3-wk intervals if only partial benefit.

Single TF ESI with 1 ml methylpredniso-
lone + 1 ml bupivacaine 0.25%.

Up to three epidural injections of triam-
cinolone 80mg + 10ml bupivacaine
0.125% at 3-wk intervals if persistent
disability.

Up to two ESIs with methylpredniso-
lone 80mg in 12ml saline at 1-wk
interval if no improvement.
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PAIN MEDICINE

Control Group

Outcome Measures

Results

Comments

Lumbar IL epidural injec-
tion with 6ml lidocaine
0.5%. Procedures
repeated as needed
when pain returned to
50% of baseline.

Cervical IL epidural injec-
tion with 4ml lidocaine
0.5%. Procedures
repeated as required
when pain returned to
50% of baseline.

Caudal epidural injection
with 9ml lidocaine 0.5%.
Procedures repeated
as needed when pain
returned to 50% of
baseline.

2ml lidocaine injected
over sacral hiatus or
most tender spot.

Three caudal epidural
injections of 2ml saline
at 1-mo intervals.

Up to two TF epidural
injections of 2ml
lidocaine 0.5% at 3-wk
intervals if only partial
benefit.

Single TF epidural injec-
tion with 2ml bupiv-
acaine 0.25%.

Up to three injections of
2ml saline into inters-
pinous ligament at 3-wk
intervals if persistent
disability.

Up to two interspinous
ligament injections of
2ml saline at 1-wk inter-
val if no improvement.
Crossover to treatment if
placebo injections failed.

NRS, ODI, employment
status, opioid intake.
Followed up to 1 yr.

NRS, ODI, employment
status, opioid intake,
employment status,
weight. Followed up to
1yr.

NRS, ODI, employment
status, opioid intake,
employment status. Fol-
lowed up to 1 yr

Pain scores, treatment
usage. Followed up to
1yr.

VAS, physical exam, func-
tional and psychological
improvement. Followed
up to 4 mo.

VAS, ODI, and clinical and
radiological measures
(e.g., Cobb and lordosis
angles). Followed up to
12 wk.

VAS of leg/back, ODI,
satisfaction. Followed
up to 12wk.

VAS leg/back, ODI, physi-
cal exam, QOL, psycho-
logical status, analgesic
consumption, and work
status. Followed up to
1yr.

VAS rest/walking, physical
exam. Followed up to
6 mo.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group pain
improvement in both
groups. No differences
in any outcome measure
for between-group dif-
ferences.

Within-group improve-
ment in both groups at
1 mo. At 3 mo but not 1
mo, treatment group >
control group.

Within groups, nonsignifi-
cant trend of improvement
in steroid + saline and
saline only groups, but
not steroid only group.
Nonsignificant trend of
steroid only group > ster-
oid + saline, saline only
groups up to 30 d. After
30 d, strong trend toward
superiority of saline only
vs. other two groups.

Within-group differences
for both groups to
12 wk. Steroid > control
for function and pain
scores.

Within-group differences
from baseline through-
out trial period in both
groups. No between-
group differences.

Within-group improvements
across all time points for
both groups. Between
groups, treatment group
> control group for pain
and function better at
3wk but not after.

Within-group improvement
only in the treatment
group. Treatment > con-
trol group.

Repeat injections limited dif-
ferences between groups.

Repeat injections limited dif-
ferences between groups

Repeat injections limited dif-
ferences between groups.

No fluoroscopy used. Raw
pain score data not pre-
sented. One of four sepa-
rate trials presented.

Steroid only group consid-
ered control as volume not
sufficient to reach pathol-
ogy. Patients excluded
due to failure to respond
to initial injection. Greater
disease burden in saline
group.

No blinding of patients,
researchers. Patients
excluded due to failure to
respond to initial injection.
No difference in clinical or
radiological measures.

Longer duration of symptoms
associated with worse out-
come. Treatment group had

longer symptom duration.

Fluoroscopy not used. MRI
findings not an inclusion
criterion. Randomization
stratified by duration.

Fluoroscopy not used. Of
control group, 14 of 16
(87%) crossed over to
treatment arm at 2wk. Only
median VAS data presented
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Table 3. (Continued)

Meta-analysis of Epidural Steroid “Control” Injections

Study Patient
Author Design Population Treatment Group
Rocco'® RCT P DB 22 patients with postlaminectomy pain.  Up to three ESI with triamcinolone
75mg + lidocaine 50mg in 10ml at
1-mo intervals. Up to three ESI with
triamcinolone 75mg + lidocaine
50mg in 10ml morphine 8 mg in 8ml
at 1 mo intervals
Rogers'’ RCT P DB 30 patients with sciatica and limited One IL ESI with methylprednisolone
straight leg raise. 80mg + lidocaine 280 mg in 20 ml.
Sayegh'0? RCT P DB 183 patients with low back pain with Up to two caudal ESI with 1 ml beta-
or without radiculopathy >1 mo in methasone + 12ml lidocaine 2% at 1
duration. mo intervals if poor results.
Snoek'® RCT P DB 51 patients with unilateral lumbosacral ~ Single ESI of 80 mg depomethylpredni-
radiculopathy. solone in 2ml saline.
Stav'04 RCT P 42 patients with chronic cervicobrachi-  Up to three cervical ESI with 80mg
algia with or without radiculopathy methylprednisolone 80mg + 5ml
>6 mo. lidocaine 1% at 2-wk intervals.
Tafazal'% RCT P DB 50 patients with unilateral lumbosacral Single TF ESI with 40 mg methylpredni-
radiculopathy. solone + 2ml bupivacaine 0.25%.
Vad'% RCT P 50 patients with lumbosacral radicu- Up to three TF ESI with 9mg beta-
lopathy due to HNP methasone + lidocaine 30mg in 3ml
at three levels at random intervals
Valat'®” RCT P DB 85 patients with lumbosacral radicu- Three ESI with 50 mg prednisolone
lopathy secondary to HNP. acetate in 2ml at 2-d intervals.
Wilson- RCT P DB 93 patients with lumbosacral radicu- Up to two IL ESIs with 80 mg meth-

MacDonald'%8

lopathy >6 wk in duration.

ylprednisolone + 8 ml bupivacaine
0.5% at random intervals.
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CT = computed tomography; DB = double blinding; ESI = epidural steroid injection; HNP = herniated nucleus pulposus; IL = interlaminar;
LA = local anesthetic; MRI = magnetic resonance imaging; NDI = Neck Disability Index; NRS = Numeric Rating Scale; ODI = Oswestry
Disability Index; P = prospective; QOL = quality of life; RCT = randomized controlled trial; ROM = range of motion; TF = transforaminal;
VAS = Visual Analog Scale.
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PAIN MEDICINE

Control Group

Outcome Measures

Results

Comments

Up to three epidural
injections with lidocaine
50mg + morphine 8mg
in 10ml at 1 mo
intervals.

One IL ESI with lidocaine
280mg in 20ml.

Up to two caudal epidural
injections with 12ml
lidocaine 2% + 8 ml
sterile water at 1 mo
intervals if poor results.

Single epidural injection of
2ml saline.

Posterior neck muscle
injections of same solu-
tion at same intervals

Single TF epidural injec-
tion of 2ml bupivacaine
0.25%.

Up to two trigger point
injections with 3ml
saline once at random
intervals

Three epidural injections
with 2ml saline.

Single intramuscular injec-
tion with 8 ml meth-
ylprednisolone + 8 ml
bupivacaine 0.5%.

VAS, vital signs, complica-
tions. Followed up to
6 yr

Pain rating, work status,
analgesic consumption,
and physical exam. Fol-
lowed up to 1 mo.

ODI, physical exam. Fol-
lowed up to 1 yr.

Leg/back pain, physiother-
apist assessment, physi-
cal exam and analgesic
consumption. Followed
up to 8-20 mo.

VAS, ROM, work status,
medication consump-
tion, physical exam.
Followed up to 1 yr

VAS leg/back, ODI, psy-
chological scales, and
subjective improvement.
Followed up to 1 yr.

Pain scale, physical exam,
low back pain question-
naire. Followed up to
16 mo

Categorical improvement
at day 20, VAS, physical
exam, and functional
capacity. Followed up
to 35d.

Pain scores, ODI, percent-
age needing surgery.
Followed up to 2 yr.

Within-group difference
in VAS for 1-3din all
groups. Between groups
no significant differences
in short- or long-term pain
relief. Trend to improved
long-term pain relief in
triamcinolone-only group.

Within-group differences
in both groups in all out-
comes except analgesic
consumption. Treatment
group > control group.

Within-group differences
for both groups. Treat-
ment group > control
group.

Within-group differences
for both groups. No
between-group differ-
ences.

Within-groups differences
for both groups. Treatment
group > control group.
Small percentage improv-
ing in control group (11%)

Within-group differences
in both groups. No
between-group differ-
ences.

Within-groups differences
for both groups. Treat-
ment group > control
group.

Within-group improve-
ments in both groups.
Nonsignificant trend to
larger improvement in
treatment group com-
pared with control group
at 20 but not 35 d

Improvement in pain within
treatment group and
between treatment and
control group up to 35 d.
Within-group differences
not noted for control
group. No long-term
differences between
groups, or decrease in
rate of operation.

Fluoroscopy not used. All
patients failed surgery.
Study terminated prema-
turely due to complications
in triamcinolone + mor-
phine group.

Fluoroscopy not used.

Fluoroscopy not used. Pain
not an outcome measure.
Function improved more
than straight leg raising
test.

Fluoroscopy not used. No
difference between groups
for surgical rate.

Fluoroscopy not used.
Patients with chronic
refractory disease

Trend for treatment group to
have better relief of leg pain
only at 6wk. Used only one
injection. Greater improvement
in patients with herniated disc
than stenosis at 3 mo.

Randomization by patient
choice. No baseline patient
characteristics presented.

Fluoroscopy not used. No
lumbar exercises allowed.

Fluoroscopy not used.
Included patients with spi-
nal stenosis. 15% dropout
rate. Raw data not pre-
sented.
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Random Sequence Generation (Selection Bias)

Allocation Concealment (Selection Bias)

Blinding of Participants and Personnel (Performance Bias)
Blinding of Outcome Assessment (Detection Bias)
Incomplete Outcome Data (Attrition Bias)

Selective Reporting (Reporting Bias)

ESI Technical Quality

0

R

Meta-analysis of Epidural Steroid “Control” Injections

E

25% S50% 75% 100%

Fig. 3. Risk of bias and technical quality assessment graph. Review authors’ judgments regarding each risk of bias category
and technical quality ratings presented as percentages across all included studies. Green = low risk of bias/high quality; yellow
= unclear risk of bias; red = high risk of bias/low quality. ESI = epidural steroid injection.

found among the four groups. Two other studies were of
high technical quality and low methodological quality. In

a study by Iversen ez al.%

evaluating 116 patients using two
“control” groups, there was no significant difference in pain
score reduction between epidural and intramuscular saline.
In an earlier study by Klenerman ez /.33 using three “con-
trol” groups in 63 patients, neither reduction in pain scores
nor positive response as judged by a physician (sham non-
epidural dry needling 83%, epidural local anesthetic 69%,
and epidural saline 69%) significantly differed among treat-
ments. Of note, none of these three studies were designed
to detect a difference between two “control” groups, and the
latter two studies®”*? used excessively high injectate volumes
(=20 ml) that diluted the steroid dose, resulting in no differ-
ences being observed between the steroid and any control
group.

Among studies included in the systematic review, 22.9%
(8 of 35) of studies comparing ESI with ENSIs demon-
strated benefit for the treatment, which was less than the
58.3% (7 of 12) reporting a positive effect when nonepi-
dural injections were used as the control. When low-quality
studies were excluded, these numbers changed only slightly,
to 27.3% (6 of 22) and 50.0% (2 of 4), respectively.

Meta-analysis

Positive Response. For the positive response outcome,
166 patients from two studies provided data for the direct
meta-analysis of ENSIs and nonepidural injections (fig. 4).
For the indirect meta-analysis, 1,512 patients from 23
studies provided data comparing ESI versus ENSls and 663
patients from seven studies provided data comparing ESI
versus nonepidural injections. The indirect meta-analysis
revealed a greater than two-fold increased likelihood for
a positive response to ENSI, compared with nonepidural
injection (RR [95% CIJ, 2.17 [1.87-2.53]). Differences
between epidural nonsteroid and nonepidural injections
for the direct meta-analysis were not significant (RR

[95% CI], 0.90 [0.60-1.33]). Table 5 presents other effect

Anesthesiology 2013; 119:907-31

estimates for positive response. The absolute benefit favor-
ing epidural nonsteroid over nonepidural injections is actu-
ally greater (risk difference [95% ClIJ, 0.27 [0.15-0.39])
than the difference between ESI and epidural nonsteroid
(0.04 [-0.01 to 0.10]). Heterogeneity was 0% for the
direct comparison and 31-33% for the two groups used in
indirect comparisons. When studies of low methodological
or technical quality were excluded, no significant changes
in outcomes or heterogeneity were noted for any compari-
sons involving a positive response, which is consistent with

previous reviews.>

Pain Score Reduction

For the pain score reduction outcome, 201 patients from
two studies provided data for the direct meta-analysis
(fig. 5). For the indirect meta-analysis, 1,936 patients from
22 studies provided data comparing ESI versus ENSIs and
619 patients in four studies provided data comparing ESI
versus nonepidural injections. Differences between epi-
dural nonsteroid and nonepidural injections were nonsig-
nificant in the direct meta-analysis (MD [95% CI], 0.22
[-0.50 to 0.94]). For the indirect meta-analysis, a small,
nonsignificant difference favoring ENSIs over nonepi-
dural injections was noted (MD [95% CI], -0.15 [-0.55
to 0.25]). Heterogeneity was 0% for the direct comparison
and 60-72% for the two groups used in indirect compari-
sons. When studies of low methodological or technical
quality were excluded, no significant changes in outcome
or heterogeneity were noted for all comparisons involving
pain score reduction.

Additional Analyses

Estimates of both positive response and pain score reduc-
tion did not change significantly with either exclusion of low
technical and methodological studies or substitution of back
pain scores for leg pain scores for the seven studies strati-
fying pain by body site. The only comparison group with
10 or more studies was the ESI versus epidural nonsteroid

Bicket et al.

20z Iidy 60 U0 3s8nb Aq Jpd*L.£000-0 0001 €10Z/06E292/L06/7/6 1 L/Ppd-8oiie/ABojoISBYISBUER/WOD IBYDIBA|IS ZESE//:dJY WOI) papeojumoq



PAIN MEDICINE

Table 4. Risk of Bias and Technical Quality Assessment of Included Studies

Study Name

Qualitative Bias Assessment
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of Partici-
pants and
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Manchikanti®
Manchikanti®”
Manchikanti
Manchikanti®
Manchikanti®
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Nam and Park®8
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For Kraemer et al.,®* the numbers in parentheses designate separate studies within a single article.

+” = low risk; “?” =

unclear risk; “=”
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high risk; ESI = epidural steroid injection.
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A Direct comparison of epidural non-steroid to non-epidural injections

Epidural Non- Non-epidural
steroid Injecti Injection
Study Events Total Events Total Weight, %
Ghahreman 2010%' 1 64 10 58 419
Klenerman 1984 22 32 10 12 58.1
Total (95% CI) 33 96 20 70 100.0

Heterogeneity: Chi? = 0.30, df = 1 (P = 0.59); I = 0%

Test for overall effect: Z = 0.54 (P = 0.59)

B Direct comparison of epidural steroid to epidural non-steroid injections

Epidural Steroid Epidural Non-
Injection steroid Injection
Study Events Total Events Total Weight, %
Cohen 2012 32 54 15 30 3.2
Manchikanti 2008% 34 42 34 42 8.0
Cohen 2009 14 18 3 6 0.9
Ghahreman 2010%' 15 28 9 64 13
Manchikanti 2012% 48 60 46 60 8.8
Manchikanti 2012 45 60 51 60 9.1
Manchikanti 2012% 31 50 33 50 54
Manchikanti 2012 23 30 23 30 5.7
Manchikanti 2012% 26 30 26 30 8.4
Snoek 1977'% 9 27 6 24 0.9
Manchikanti 2012 50 60 53 60 10.7
Nam & Park 2011% 13 17 8 19 1.8
Cuckler 1985™ 12 42 8 31 1.1
Manchikanti 2008% 13 20 14 20 3.1
Manchikanti 2012% 20 28 22 28 5.1
Bush 199177 8 12 4 1 0.9
Kraemer 1997% (2) 19 24 20 25 56
Manchikanti 2012% 48 70 46 70 7.2
Breivik 19767 9 16 5 19 0.9
Rocco 1989'° 12 15 6 7 3.5
Anderberg 2007% 8 20 7 20 1.0
Klenerman 1984% 15 19 " 16 34
Beliveau 19717 18 24 16 24 4.0
Total (95% Cl) 522 766 466 746 100.0
Heterogeneity: Tau? = 0.01; Chi? = 32.75, df = 22 (P = 0.07); I? = 33%
Test for overall effect: Z = 0.93 (P = 0.35)
C Direct comparison of epidural steroid to non-epidural injections
Epidural Steroid Non-epidural
Injection Injection
Study Events Total  Events Total Weight, %
Ghahreman 2010%' 15 28 10 58 13.6
Price 2005% 40 113 27 105 242
Dilke 1973% 16 35 4 36 7.2
Mathews 1987 15 28 10 58 13.6
Hesla 1979% 12 15 4 1 9.8
Kraemer 1997% (1) 53 87 12 46 18.9
Stav 1993'* 19 26 6 17 12.9
Total (95% Cl) 170 332 73 331 100.0

Heterogeneity: Tau? = 0.01; Chi? = 12.24, df = 6 (P = 0.06); I>=51%

Test for overall effect: Z = 5.55 (P < 0.001)

D Indirect comparison of epidural non-steroid to non-epidural injections

Indirect comparison of injections used the formulas
10g(RRes) vs nei) — 109(RRes) vs ensi) = 109(RRens; vs ner) and

Meta-analysis of Epidural Steroid “Control” Injections

Risk of Technical
Risk Ratio (95% Cl)  Bias  Quality Score Favors Non-epidural Favors Epidural Non-steroid
1.00 (0.46, 2.17) 1 8 —
0.82(0.58, 1.16) 0 4 L
0.90 (0.60, 1.33) .
0.10 1.00 10.00
Risk Ratio (95% Cl)
Risk of Technical
Risk Ratio (95% Cl)  Bias  Quality Score Favors Epidural Non-steroid Favors Epidural Steroid
1.19(0.78, 1.80 1 1=
1.00 (0.81, 1.23 '
1.56 (0.67, 3.59 ]

)
)
)
3.81(1.90, 7.65)
1.04 (0.86, 1.26)
0.88 (0.74, 1.08)
0.94 (0.70, 1.26)
1.00 (0.76, 1.32)
1.00 (0.82, 1.22)
1.33 (0.56, 3.20)
0.94 (0.82, 1.09)
1.82 (1.01, 3.27)
1.11 (0.52, 2.38)
0.93 (0.60, 1.43)
0.91(0.67, 1.23)
1.83(0.76, 4.41)
0.99 (0.75, 1.31)
1.04 (0.83, 1.32)
2.14 (0.90, 5.09)
0.93 (0.63, 1.38)
1.14 (0.51, 2.55)
1.15(0.77, 1.72)
1.13(0.78, 1.62)
1.04 (0.96, 1.13)

Risk Ratio (95% Cl)

3.1 (1.60, 6.02)
1.38 (0.91, 2.07)
4.11 (1.53, 11.09)
3.11(1.60, 6.02)
2.20 (0.97, 5.00)
2.34 (1.40, 3.91)
2,07 (1.04, 4.11)
2.26 (1.70, 3.02)

Risk Ratio (95% Cl)
2.17 (1.87, 2.53)

OO O ;x4 a 4
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Fig. 4. (A-D) Forest plots comparing positive response to injection for epidural nonsteroid and nonepidural injections. Two stud-
ies included treatment injections besides steroid (etanercept [Cohen’® and Cohen®7]). For risk of bias ratings, “0” = low meth-
odological quality whereas “1” = adequate methodological quality. ENSI = epidural nonsteroid injection; ESI = epidural steroid

injection; NEI = nonepidural injection; RR = risk ratio.

comparison. Examination of funnel plots for studies com-
paring EST and ENSIs for both primary outcomes revealed
small study effects for only the pain score reduction outcome.
The Egger test confirmed the presence of possible publica-
tion bias (P < 0.001). Post hoc sensitivity analysis to identify
and correct for funnel plot asymmetry arising from publica-

tion bias included the “trim and fill” method. This method
estimated eight studies were needed to account for possible

Anesthesiology 2013; 119:907-31
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publication bias, and provided a corrected pain score reduc-
tion estimate that was not significant.

Discussion

The findings in this systematic review and meta-analysis
comparing epidural nonsteroid and nonepidural injections
are mixed, with only one study of high quality directly com-
paring these treatments. Although no difference in direct
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Table 5. Effect Estimates for Positive Response to Injection

Direct Comparison

Indirect Comparison

Effect estimate ENSI vs. NEI

ESI vs. ENSI

ESI vs. NEI ENSI vs. NEI

Risk ratio (95% CI)
Risk difference (95% ClI)
Odds ratio (95% ClI)

0.90 (0.60-1.33)
-0.03 (~0.15 to 0.09)
0.81 (0.36-1.80)

1.04 (0.96-1.13)
0.04 (-0.01 to 0.10)
1.28 (0.98-1.67)

2.26 (1.70-3.02)
0.31 (0.20-0.42)
4.07 (2.44-6.79)

2.17 (1.87-2.53)
0.27 (0.15-0.39)
3.18 (2.37-4.27)

Data are provided as effect estimate with 95% CI.

ENSI = epidural nonsteroid injection; ESI = epidural steroid injection; NEI = nonepidural injection.

outcomes between the two “control” injections was dem-
onstrated, the larger number of studies providing indirect
comparisons suggests ENSIs may provide greater benefit for
spinal pain than nonepidural injections. This conclusion is
based on the significant but small difference found between
the two treatments when examining the positive response
outcome. For this outcome, the benefit favoring epidural
nonsteroid over nonepidural injections is actually greater
(risk difference [95% CI], 0.27 [0.15-0.39]) than the dif-
ference between ESI and epidural nonsteroid, suggesting
that, at least in the short term, most of the benefit of epi-
dural injections may derive from the solution itself, rather
than the steroid. ENSIs also showed a nonsignificant trend
toward greater relief when examining pain score reduction
with indirect comparisons. A single binary outcome mea-
sure may represent a better reflection of global perceived
effect than reduction in pain score, which is only one of
199 and in most stud-
ies analyzed signified only the pain rating at a single cross-
section in time.

many core domain outcome measures,

Although several review articles”3!3¢ and clinical tri-

als®”#! have alluded to the possibility of a therapeutic
effect for epidural nonsteroid solutions, this assertion has
never been systematically examined. In addition to the
evidence presented here, several other randomized stud-
ies indirectly bolster this assertion. Randomized, double-
blind studies comparing high doses of steroid with lower
doses in which the steroid was replaced by saline!!*!!!
local anesthestic!''* have consistently failed to demonstrate
any significant differences between treatment groups. A
systematic review by Rabinovitch et 2/'"® found a sta-
tistically significant benefit for larger epidural injectate
volumes irrespective of the contents, suggesting that the

or

beneficial effect of nonsteroid solutions may counterbal-
ance dilution of steroids.

There are several possible explanations for our findings.
The most likely is that nonsteroid solutions injected epidur-
ally may provide benefit comparable with that of steroids via
a host of different mechanisms, to include the suppression

# Centers for Disease Control and Prevention. Meningitis and
Stroke Associated with Potentially Contaminated Product. Atlanta,
GA: Centers for Disease Control and Prevention, 2012. Available
at: http://emergency.cdc.gov/HAN/han00327.asp. Accessed April
23, 2013.

Anesthesiology 2013; 119:907-31 925

of ectopic discharges from inflamed nerves, enhancing
blood flow to ischemic nerve roots, lysis of iatrogenic and
inflammatory adhesions, the washout of proinflammatory
cytokines, and reversing peripheral and central sensitiza-
tion.”?134 A second possible reason involves the placebo
effect. Epidural injections, especially those administered via
the transforaminal approach, often elicit a reproduction of

114115 which is not observed with soft-

radicular symptoms,
tissue injections, and may undermine the effectiveness of
blinding. When this occurs, it may lead to a greater placebo
response with ENSIs, as patients mistakenly believe they
received epidural steroids.!'®

The implications of these findings are widespread and
protean. Investigators designing clinical trials, and specialty
organizations, patient advocate groups, and third-party pay-
ers evaluating studies, should consider these results when
evaluating the efficacy of ESI. Specifically, trials that include
an epidural nonsteroid “placebo” group may be less likely to
demonstrate a difference in pain outcomes compared with
nonepidural injections. In high-risk patients (e.g., patients
with previous surgery) and procedures (e.g., cervical and
thoracic transforaminal ESI) in which the inadvertent intra-
vascular injection of depo-steroids can have catastrophic

consequences such as paralysis and death,!'7-"?

physicians
might consider removing steroids from the injectate and
using nonsteroid solutions as a first-line treatment. Using
nonsteroid solutions may also reduce the risk of rare but
potentially fatal complications such as meningitis, which has
recently been attributed to a contaminated steroid batch.#
On the basis of these results and the results of other clinical
trials demonstrating no differences between high- and low-
dose ESI'0-112120 the dose of steroids may be considerably
reduced or even eliminated in high-risk patient populations.
Examples of these patients might include individuals at high
risk for avascular necrosis,'?! and those with diabetes,!?
high risk for infection,'?® poor wound healing, or in whom
the temporary suppression of the adrenocortical axis could

at

adversely affect outcomes (e.g., those scheduled for major
surgery).!24

These results should be interpreted in the context of some
limitations. First, direct comparisons of the different types
of controlled injections were only present in a limited num-
ber of low-quality randomized clinical trials. Although no
standard guidelines exist regarding the minimum number of
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A Direct comparison of epidural non-steroid to non-epidural injections

Meta-analysis of Epidural Steroid “Control” Injections

Epidural Non- Non-epidural
steroid Injection Injection Mean Difference  Risk of ~ Technical
Study Mean SD Total Mean SD Total Weight, % (95% Cl) Bias Quality Score Favors Epidural Non-steroid Favors Non-epidural
Ghahreman 2010%' -0.93 244 58 -1.36 247 64 68.70%  0.43 (-0.44, 1.30) 1 8
Iversen 2011%7 -1.34 296 39 -1.09 289 40 31.30% -0.25 (-1.54, 1.04) 0 6 -
Total (95% CI) 97 104  100.00%  0.22 (-0.50, 0.94) g3
Heterogeneity: Tau? = 0.00; Chiz = 0.73, df = 1 (P = 0.39); I?= 0%
Test for overall effect: Z = 0.59 (P = 0.55) -3.00 -200 -1.00 0.0 100 200 3.00
Mean Difference (95% Cl)
B Direct comparison of epidural steroid to epidural non-steroid injections
Epidural Steroid Epidural Non-
Injecti steroid Inj; Mean Difference  Risk of ~ Technical
Study Mean SD Total Mean SD Total Weight, % (95% Cl) Quality Score Favors Epidural Steroid Favors Epidural Non-steroid
Cohen 2012% -3.12 257 54 -2.53 253 30 2.90% -0.59 (-1.72, 0.55) 1 1" -
Valat 2003 -2.65 1.86 43 -2.35 1.82 42 4.40% -0.30 (-1.08, 0.48) 1 10 L
Karppinen 2001% -3.19 247 79 211 264 79 4.40% -1.08 (-1.88, -0.28) 1 9 L]
Manchikanti 2008° -450 1.37 42 -420 1.24 42 5.80% -0.30 (-0.86, 0.26) 1 9 L
Carette 1997%° -2.07 257 77 -1.24 245 80 4.40% -0.83(-1.62, -0.04) 1 8 L]
Cohen 20097 -3.97 212 18 -1.70 1.84 6 1.50% -2.27 (-4.03, -0.50) 1 8 <=
Ghahreman 2010%' -2.90 244 28 -0.93 244 64 3.10% -1.97 (-3.05, -0.89) 1 8 < -
Manchikanti 2012%° -440 136 60 -4.00 142 60 6.30% -0.40 (-0.90, 0.10) 1 8 -
Manchikanti 2012%° -3.50 1.46 50 -3.80 142 50 5.80%  0.30 (-0.26, 0.86) 1 7 Ll
Manchikanti 2012°' -4.00 149 30 -4.40 1.02 30 5.30%  0.40 (-0.25, 1.05) 1 7 -
Manchikanti 2012% -4.50 0.90 30 -4.20 1.02 30 6.30% -0.30 (-0.79, 0.19) 1 7 - -
Manchikanti 2012% -420 1.06 60 -4.40 0.95 60 7.20%  0.20(-0.16, 0.56) 1 6 -
Manchikanti 2008° -3.80 1.23 20 -420 142 20 4.20% 0.40 (-0.42, 1.22) 1 5 -
Manchikanti 2011% -430 122 60 -3.80 1.40 60 6.50% -0.50 (-0.97, -0.03) 1 5 1]
Manchikanti 2012 -3.80 1.06 28 -430 122 28 5.60%  0.50 (-0.10, 1.10) 1 5 =
Becker 20077 -5.34 1.88 52 -426 1.99 32 4.00% -1.08 (-1.94, -0.22) 1 4 -
Bush 199177 -225 195 12 -0.42 2.96 1" 1.10% -1.83(-3.90, 0.24) 1 4 < ] T
Manchikanti 2012% -410 1.18 60 -420 1.22 60 6.80%  0.10(-0.33, 0.53) 1 4 -
Manchikanti 2012% -3.70 136 70 -360 146 70 6.50% -0.10 (-0.57, 0.37) 1 4 -
Meadeb 2001 -0.50 1.82 31 -0.46 230 16 2.40% -0.04 (-1.33, 1.25) 1 2 L]
Ng 2005°%° -1.80 270 43 -1.88 231 43 3.10%  0.08 (-0.99, 1.14) 0 7 -
Iversen 2011 -1.53 2.61 37 -1.34 296 39 2.50% -0.19 (-1.44, 1.06) 0 6 -
Total (95% Cl) 984 952 100.00% -0.27 (-0.51, -0.04) L 3
Heterogeneity: Tau? = 0.16; Chi? = 52.58, df = 21 (P = 0.0002); I* = 60%
Test for overall effect: Z = 2.26 (P = 0.02) -3.00 -200 -1.00 0.00 1.00 200 3.00
Mean Difference (95% CI)
c Direct comparison of epidural steroid to non-epidural injections
Epidural Steroid Non-epidural
Injection Injection Mean Difference  Risk of ~ Technical
Study Mean SD Total Mean SD Total Weight, % (95% Cl) Quality Score Favors Epidural Steroid Favors Non-epidural
Ghahreman 2010%' -290 244 28 -1.36 247 58 20.70% -0.62 (-1.08, -0.16) 1 8 — -
Arden 2005 -4.00 256 120 -4.60 2.52 108 29.10%  0.24 (-0.03, 0.50) 1 7 -
Price 2005% -1.20 256 120 -1.00 2.52 108 29.10% -0.08 (-0.34, 0.18) 1 7 L
Iversen 2011 -1.53 2.61 37 -1.09 289 40 21.20% -0.16 (-0.61, 0.29) 0 6 -
Total (95% CI) 305 314 100.00% -0.12(-0.44, 0.21) *

Heterogeneity: Tau? = 0.07; Chi* = 10.72, df = 3 (P = 0.01); I =72%
Test for overall effect: Z=0.71 (P = 0.48)

D Indirect comparison of epidural non-steroid to non-epidural injections

Indirect comparison of injections used the formulas
MDes) us net = MDesi vs ensi = MDensi vs ner @nd

2 2 _ 2
SEesivsne’ *+ SEesivsens = SEensivener

Mean Difference
(95% Cl)
-0.15 (-0.55, 0.25)

-3.00 -2.00 -1.00 0.00 1.00 200 3.00
Mean Difference (95% Cl)

Favors Epidural Non-steroid Favors Non-epidural

*

-3.00 -2.00 -1.00 0.00 100 200 3.00
Mean Difference (95% CI)

Fig. 5. (A-D) Forest plots comparing pain score reduction to injection for epidural nonsteroid and nonepidural injections. Three
studies included treatment injections besides steroid (autologous conditioned serum [Becker’¥], etanercept [Cohen’®, Cohen®7)).
For risk of bias ratings, “0” = low methodological quality while “1” = adequate methodological quality. ENSI = epidural nonsteroid
injection; ESI = epidural steroid injection; MD = mean difference; NEI = nonepidural injection.

studies needed to perform a meta-analysis, analyses of lim-
ited trials do exist!?
results.!? Indirect comparisons do not qualify at the same

and generally agree with longer-term

level of evidence as randomized comparisons, because they
represent mere observations of trials, may be subject to bias,
and may inaccurately estimate treatment effect.'”” Yet, none
of the three studies that directly compared the different types
of “control” injections were designed or powered to detect a
difference between nonsteroid groups (which would require
significantly more patients than a study designed to detect a
difference between ESI and a true placebo),®”#1#% and two

Anesthesiology 2013; 119:907-31

used excessively high injection volumes that resulted in a fail-
ure to detect a difference between the diluted steroid treat-
ment (ESI) and any control group.”#3 As the authors of the
most robust study noted,’! detecting a difference between
two treatments (or control groups) with similar effect sizes
would require between 1,000 and 2,000 patients, which is
not practical. Consequently, indirect analyses evaluating
numerous, well-designed studies may provide a better likeli-
hood of detecting a difference between nonepidural injections
and ENSIs in this context. Second, some analyses exhibited
substantial heterogeneity, which is likely attributable to
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differences in methods or outcome assessments. Although
the conversion of different pain-rating scales may result in
increased heterogeneity and greater difficulty in detecting
differences in outcomes, previous studies have consistently
determined that there is a high correlation between pain-rat-

128-130 and scores derived from different scales are

ing scales,
often combined in meta-analyses, including those evaluating
ESL!3! With regard to differences in treatment parameters
(e.g., region, number of injections, dose and type of steroid),
recent reviews have concluded that minor variations in prac-
tice are likely to have no significant effect on outcome.?”132
For example, increasing the depo-steroid dose of more than
40 mg appears to provide no added benefit, and there is little
evidence that a series of ESI results in better outcomes than
a single injection, or tailoring the number of injections to
patient response.?”110-112:120.132.133 However, the conglomera-
tion of these different factors (e.g, injection type and num-
ber, dose, volume) may have a cumulative effect, and hence
limit the generalization of the meta-analyses. Third, publica-
tion bias may be present for studies that compared ESI and
ENSIs, with modeling suggesting a nonsignificant outcome
favoring ESI when a correction for small study effects was
performed. Fourth, our technical rating scale remains for-
mally unvalidated. If detecting a difference between a placebo
and control requires between 50 and 150 patients, identifying
outcome difference for different variables (e.g., fluoroscopy
vs. no fluoroscopy, disability us. no disability) would require
exponentially more patients, and be logistically challenging.
Fifth, inherent to any meta-analysis are the biases contained
in the included studies. Finally, to enhance generalization,
we elected to include studies with follow-up periods varying
from a few days to up to 3 months. Hence, this efficacy analy-
sis was not designed to assess the long-term benefits of ESI or
controlled injections.

In conclusion, the evidence comparing epidural nonste-
roid with nonepidural injections is limited but suggests that
ENSIs may not constitute a true placebo treatment. In light
of these findings, opportunities exist for clinicians and inves-
tigators to modify their approach to these procedures, such
as reducing!10-112120
steroid component of epidural injections in high-risk sce-
narios, and performing high-quality RCTs that directly com-
pare epidural nonsteroid and nonepidural injections.

or even in some cases eliminating, the
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