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Background: Epidural injection is performed for treatment of back and radicular pain
in patients with lumbosacral disc herniation (LDH). Steroids are usually administered to
effectively remove inflammatory mediators, and local anesthetics or saline also contribute
to pain reduction by washing out chemical mediators or blocking the nociceptor activity.
Controversy exists regarding whether steroids produce superior clinical effects compared with
local anesthetics or saline.

Objectives: This study investigated whether epidural injection of steroids produces better
clinical effects than local anesthetics or saline in the treatment of LDH.

Study design: A literature search was performed in MEDLINE, EMBASE, Cochrane review,
and KoreaMed for studies published from January 1996 until July 2017. From among the
studies fulfilling the search criteria, those that compared the clinical efficacy of steroids and
control agents, such as local anesthetics or saline, in terms of pain control and functional
improvement were included in this study. Exclusion criteria included a previous history
of lumbosacral surgery, non-specific low back pain, severe spinal stenosis, and severe disc
degeneration.

Setting: A systematic review and meta-analysis using a random effects model on randomized
controlled studies (RCTs).

Methods: After reviewing titles, abstracts, and full texts of 6,711 studies that were chosen
following removal of duplicates after the initial database search, 15 randomized controlled
studies were included in our qualitative synthesis. Data including pain score, functional score,
and follow-up period were extracted from 14 studies and analyzed using a random effects
model to calculate the effect size and its corresponding statistical significance. Quality and
level of evidence were established in accordance with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) methodology.

Results: Steroids and local anesthetics were shown to be effective. Steroid showed
significantly better pain control than control agents at 1 month, 3 months, and 6 months.
The superiority of steroid in pain control was more prominent at one month, but diminished
from 3 months to 1 year, showing no significant superiority in terms of mean difference,
With respect to functional score, no significant difference was observed between steroids and
control agents. The subgroup analysis showed that steroid revealed significant superiority in
pain and functional score at 1 month to saline rather than local anesthetics. Generally, the
quality of included studies was evaluated as high-grade, but the evidence level was determined
to be moderate, due to inconsistencies.

Limitation: Analyses of safety or adverse effects could not be performed due to a lack of
available data from the included studies.

Conclusions: Steroid is recommended over local anesthetics or saline for pain control in
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patients with LDH, with a weak strength of recommendation. The superiority of steroids was
remarkable, especially at relatively short-term follow-ups, and maintained until the 1 year follow-
up. The clinical benefits of steroids at 1 month were more prominent when compared with saline,
than when compared with local anesthetics.
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ow back and/or radicular pain due to lumbosacral

disc herniation (LDH) is a major cause of

physical morbidity and economic burden.
The pathophysiology of low back and radicular
pain is believed to include not only a mechanical
component, but also other factors, including chemical
inflammation (1). The leakage of nucleus pulposus
tissue in LDH might induce immunological reactions
in the epidural space, where cytokines and other
pro-inflammatory substances react with epidurally
released nucleus pulposus materials to foster
the development of epidural inflammation. This
stimulates the spinal nerve roots, induces endoneural
edema formation, and increases the permeability of
the nerve root microvasculature, which aggravates
inflammatory reactions and consequently produces
back and radicular pain (1,2).

Epidural injections are performed for the treat-
ment of back and radicular pain resulting from chemi-
cal irritation of nervous tissues; the underlying mecha-
nism is the elimination of inflammatory mediators that
irritate nervous tissues in epidural spaces (3). Steroids
are commonly used in epidural injections because they
play the role of eliminating these inflammatory media-
tors, alleviating damage to nerve fibers, and inhibiting
neurotransmission of pain signals in C-fibers in LDH
(4-7). A previous experimental report has stated that
the increased vascular permeability and inflammatory
reactions induced by nucleus pulposus materials were
reduced by pretreatment with methylprednisolone (8).

The role of local anesthetics or saline in epidural
injections is emerging. These agents play a role in
diluting corticosteroids to increase injection volumes,
based on the hypothesis that increased volume might
facilitate rupture of possible adherence between the
spinal root and nearby structures or wash out inflam-
matory mediators around nervous tissues (5). Fur-
thermore, clinical advantage of local anesthetics had

been explained by the various mechanisms including
the suppression of ectopic discharges from inflamed
nerves, change of nociceptive circuit, the lysing of iat-
rogenic and inflammatory adhesions, or anti-inflam-
matory effects (9,10). There have been contradicting
opinions regarding whether steroids produces supe-
rior clinical effects compared with local anesthetics
or saline. A meta-analysis (11) stated that epidural
injections with only local anesthetics obtained compa-
rable clinical benefits to those with mixture of local
anesthetics and steroids. Some studies have reported
that local anesthetics and steroids are equally effec-
tive in pain control and functional improvements in
patients with low back pain or stenosis, and that it is
not necessary to use epidural injections of steroids in
such cases (10,12-16).

Thus, this systematic review and meta-analysis
investigates whether epidural injection of steroid pro-
duces better clinical results than local anesthetics or
saline for the treatment of LDH.

MEeTHODS

Study Selection Criteria

We included articles of human subjects that were
written in Korean or English and met the following cri-
teria: patients aged > 18 years, clinical presentation of
low back and radicular leg pain, and diagnosis of LDH
on a radiological evaluation such as computed tomog-
raphy or magnetic resonance imaging. Exclusion criteria
included a previous history of lumbosacral surgery, non-
specific low back pain without a definite diagnosis of
LDH on radiological evaluation, severe spinal stenosis,
severe disc degeneration (Pfirmann grade IV and V), in-
tradiscal derangement or a bulging disc, or prominent
spinal instability. Of the studies fulfilling these criteria,
those that compared the clinical efficacy of steroid and
a control injectate, such as local anesthetics or saline,
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in terms of pain control and functional improvements
were included in the analysis.

Information Sources and Search Strategy

The MEDLINE (PubMed), EMBASE, Cochrane review,
and KoreaMed databases were searched for articles
published from January 1996 until July 2017. We estab-
lished individual search terms in each database’s search
engine (Appendix). The decision to include an article was
primarily made based on title and abstract review, fol-
lowed by full-text screening. The articles included in our
analysis were restricted to randomized controlled trials
(RCT) involving human subjects, written in English or
Korean. The study screening and data extraction were
independently performed by 2 reviewers, and any dis-
crepancies were resolved by discussion between the 2
reviewers or with the entire research group.

Data Collection

Reference data such as the number of subjects,
type and dose of injected medication, type of approach
techniques (transforaminal, interlaminar, or caudal),
follow-up period, clinical evaluation tools, and com-
parative results of the clinical outcomes were extracted
from the selected articles. Dichotomous variables such
as the number of patients with successful clinical out-
comes with respect to pain and functional score were
extracted for the estimation of relative risk ratios, and
continuous variables such as mean and standard devia-
tions of pain and functional scores were extracted for
the estimation of mean differences. If standard devia-
tions were not reported, they were calculated from the
confidence intervals, means, and number of patients.

Quality Assessment of Selected Studies,
Establishment of Level of Evidence, and
Strength of Recommendation

Quality assessment of each study and level of evi-
dence was established in accordance with the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) methodology (17). The bias assess-
ment for each RCT was performed using the risk of bias
(ROB) method, which consisted of 7 domains: random
sequence generation, allocation sequence concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
outcome reporting, and other biases. The bias for each
non-RCT was assessed using the Risk of Bias Assessment
tool for Non-randomized Study (RoBANs), which con-
sists of the following domains: selection of participants,

confounding variables, intervention (exposure) mea-
surements, blinding outcome assessment, incomplete
outcome data, selective outcome reporting, and other
biases. All the domains were evaluated as either “low
risk,” “high risk,” or “unclear.” These evaluations were
performed by 2 independent reviewers, and disagree-
ments were resolved by discussion between the 2 re-
viewers or with the whole research group.

We comprehensively considered inconsistency,
indirectness, imprecision, and publication bias compo-
nents, in addition to the risk of bias of all studies, to
classify evidence levels into either high, moderate, low,
or very low grades. The strength of recommendation
was determined as strong or weak by comprehensively
assessing not only the evidence level, but also other
factors such as balancing benefits and harms, resources
required, values and preferences, and acceptability/
feasibility (17). The level of evidence and strength of
recommendation were determined by discussion of
entire research group.

In addition, quality assessment was performed uti-
lizing Cochrane review criteria and Interventional Pain
Management techniques Quality Appraisal of Reliabil-
ity and Risk of Bias Assessment (IPM-QRB) (18-21). The
studies meeting the inclusion criteria with a score of at
least 8 of 12 or 32 to 48, respectively, were considered
high quality, 4 to 7 or 16 to 31 were considered mod-
erate quality, and these were included in the review.
Those with a score of less than 4 or 16 were considered
as low quality (20).

Meta-analysis

Review Manager software (RevMan version 5.3;
The Cochrane Collaboration 2014) was used for data
analysis. The analysis was performed in terms of pain
control and functional improvement at various follow-
up time points. Tests of heterogeneity were performed
using 12 statistics. Categories with 12 values of 75%
or higher were regarded as having a high degree of
heterogeneity and were considered for the subgroup
analysis (22). A random effects model was applied to
obtain the effect size and statistical significance, be-
cause we assumed that the subjects and methods of
included studies performed by independent research-
ers were not entirely equivalent, and therefore, could
not have common effect sizes. P < 0.05 was considered
statistically significant. The results were expressed as
mean differences and 95% confidence intervals (95%
Cls) for continuous outcome data and as relative risk
ratios and 95% Cls for dichotomous outcome data.
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REesuLTs

Study Selection

Our database search initially yielded 9,088 articles,
and after the removal of 2,377 duplicates, 6,711 poten-
tially eligible articles remained. After title and abstract
screening, 6,407 articles were excluded because they
did not meet the inclusion criteria. Thus, 304 articles
were retrieved for full-text analysis, of which 289 were
subsequently excluded because they were irrelevant to
this study, and ultimately, Fourteen RCTs were included
in this study. Except for one study that did not provide

data applicable to the meta-analysis (23), 13 studies
were included in meta-analysis (Fig. 1). The pain in-
tensities in the selected studies were measured using
either the visual analog scale (VAS) or the numerical
rating scale (NRS). Both scores were considered the
equivalent in the meta-analysis because they were
highly correlated, and when transformed, could be
used interchangeably (24). The most frequently used
functional measurement tool in the selected studies,
the Oswestry Disability Index (ODI), was chosen as the
functional evaluation tool. The follow-up period was

= Records identified through database searching Additional records
o Medline( 3185 ), EMbase( 5030), identified through
] Cochrane( 645 ), KoreaMed (228 ) other sources
g Total (n=9088) (n= 0)
a
o
Y ) 4
e Records after duplicates removed
(n=6711)
)
£
=
o r
g 3
L] Records screened - Records excluded
(n=6711) = (n=6407)
r
Full-text articles assessed Full-text articles excluded
= for eligibility > for imelevancy
= (n =304) (n=289)
=2
[*¥)
) Studies included in
qualitative synthesis
(n =14)
o
-1}
o
3
© v
=
Studies included in
quantitative synthesis
— (meta-analysis)
(n=13)
Fig. 1. Flow diagram of study selection.
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variable across the studies, ranging from 2 weeks to 1
year. One month, 3 months, 6 months, and 1 year were
established as follow-up periods for the meta-analysis
because of the availability of clinically meaningful pain
and functional data at these time points.

Risk of Bias

The risk of bias of all selected studies was illus-
trated in Fig. 2. Except for 1 (25) RCT that was assessed
as having unclear risk, all RCTs were assessed as low risk,
in random sequence domain. The domain associated
with bias most frequently was blinding of outcome as-
sessment, in which 4 RCTs (26-28) were rated as unclear
risk of bias because they did not provide an adequate
description of this procedure. Of 98 domains across all
studies, 86 domains (87.8%) were determined as low
risk. Thus, overall risk of bias was assessed as low and

the studies selected for this analysis were evaluated as
high-quality.

Individual Study Results and Synthesis of
Results

Among the 14 randomized studies that were ulti-
mately selected, no significant differences in clinical ef-
ficacy were found between steroid and control such as
saline or local anesthetics in 8 studies (26,28-34). While
the other 6 studies reported the additive or better
clinical outcomes were obtained by steroid. One study
showed that steroids with mixture of isotonic saline
were moderately more effective in leg pain reduction
at 3 months follow up, but not significantly different in
functional improvement than isotonic saline (35). Two
articles demonstrated superiority of steroid with mix-
ture of bupivacaine or normal saline than normal sa-
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line, which was limited in short term follow up (23,36).
The other three reports revealed that the group using
steroid with mixture of local anesthetics attained better
clinical results than the other group using local anes-

Table 1. Summary of studies included in this study.

thetics alone, which maintained until 12 months follow
up (25,27,37). Comprehensively, steroids in epidural
injections obtained superior or at least not inferior,
clinical results in comparison with controls (Table 1).

Medication .
Study Method - Evaluation | Follow up Outcome
Steroid Control
Steroid is moderately
N=78 more effective in
Carette 1997 . . 80 mg of N =80 . . VAS 3 weeks, 3 leg pain reduction
interlaminar . 1 mL of isotonic | ODI L
(35) methylprednisolone acetate . . months but no significant
. R saline McGill score . .
& 8 mL of isotonic saline improvement in
functional improvement
N =80 2and4 Steroid showed better
. 40 mg of N =80 weeks,
Karppinen 2001 . . . .| NRS short term effect,
transforaminal | methylprednisolone & 2-3ml of isotonic 3and 6 o
(23) . . . ODI but no significant
bupivacaine saline months, 1 .
total 2-3 mL year difference at 3 months,
N=43 N =42 No significant
Valat 2003 (30) | interlaminar 2 mL (50mg) of 2ml of isotonic VAS, RMI 1 month R 8
. . difference
prednisolone acetate saline
N=41 N =40
o = -
Ng2005(29) | transforaminal | 2™ 0f 0:25% amLof025% | NRSODL | (s eeks | Yo significant
bupivacaine & 40 mg of o RMI difference
- bupivacaine
methylprednisolone
N=93
12 mL of 2% xylocaine & N=90
Sayegh 2009 12 mL of 2% 1,6, 12 Steroid is more
caudal 1 mL of betamethasone . ODI .
(25) . . xylocaine & 8 months effective than control
dipropionate and .
mL of saline
betamethasone phosphate
N =65 N =59
o = L
Tafazal 2009 transforaminal 2 mL ofq.25 i 2 mL of 0.25% NRS, ODI 6,12 weeks NO significant
(28) bupivacaine & 40 mg of L difference
. bupivacaine
methylprednisolone
N =27
})\17_5 2n?L of 0.5% 2 mL of 0.5%
Ghahreman transforaminal b;l ivacaine & ; 75 mL of bupivacaine NRS, RML, 1 month No significant
2010 (31) .p . ' N =37 SF-36 difference
triamcinolone (40 mg/
2 mL of normal
mL). .
saline
. . N =60 N =60 L
Manchikanti | | ;) 9 mL of 0.5% lidocaine & 1 | 10ml of 0.5% NRs,0DI | »& 12 No significant
2011 (26) . . . months difference
mL of steroid lidocaine
N =37 N =39 .
?;;S(m UL caudal 40 mg of triamcinolone & | 30 mL of 0.9% VAS, ODI \6/»;61;(’542 {J\Ii?f:iizlcfzcam
29 mL of 0.9% saline. saline
16\1);280 ¢ N =30 Short-term superiority
Cohen 2012 ) 5 ) R but limited long-term
transforaminal | methylprednisolone acetate | 2 mL of normal | NRS, ODI 1, 6 months . .
(36) . R benefit for epidural
& 0.5 mL of saline saline .
steroids
Total 2 ml
. . N =60 N =60 Sal
Manchikanti | ;o aminar | 5mlof0.5%lidocaine & | 6mLof05% | NRs,0DI | >912 Steroid is more
2013 (27) X . months effective than control
1 mL of betamethasone lidocaine
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Table 1 (cont.). Summary of studies included in this siudy.

Medication .
Study Method - Evaluation | Follow up Outcome
Steroid Control
N =60
. . N =60 1.5mL of 1% Lo
Manchikanti transforaminal 1% lidocaine & lidocaine & NRS, ODI 3.6,12,18,24 N,O significant
2014 (33) . months difference
3 mg of betamethasone 0.5 mL of sodium
chloride
I;Irznisof 0.5% lidocaine & N=34 2 weeks, Addition of steroid
Ghai 2015 (37) | interlaminar =0 8ml of 0.5% NRS, MODQ | 1,2,3,6,9, provides superior
80 mg (2 mL) of . . .
. lidocaine 12 months effectiveness
methylprednisolone
N =47
Total 20 mL N =46 -
Nandi 2017 (34) | caudal 80mg of methyl 20 mL of isotonic NRS, OD, 4, 12 weeks N.o significant
. . RMI difference
prednisolone & 18 mL of saline
isotonic saline

VAS : visual analogue scale, ODI : oswestry disability score, NRS : numeric rating scale,
RMI : roland morris index, SF-36 : Short Form-36, MODQ : Modified Oswestry Disability Questionnaire

Quality assessment results of Cochrane review cri-
teria and IPM-QRB were presented in Table 2 and Table
3 respectively. All studies were rated as high quality for
Cochrane review criteria, and 10 studies and 4 studies
were determined as high and moderate quality, accord-
ing to IPM-QRB.

Pain Score at 1 Month

Eight studies provided the continuous pain score
data at one month and were included in the analysis
of effect size by mean difference (28-32,34-36). The
overall mean difference was measured as 0.83 (95%
Cl:0.39-1.28), which supported the superiority of ste-
roids over control agents with statistical significance (P
= 0.0003). Additionally, a high degree of heterogeneity
was observed (12 = 87%).

A subgroup analysis was conducted after divi-
sion of the studies into 2 subgroups, depending on
whether the control was local anesthetics or saline.
Six studies were included in the subgroup of saline
(30-32,34-36), while the other 2 studies were in-
cluded in the subgroup of local anesthetics (28,29).
The saline subgroup showed more significant favor-
able results to steroid than before subgroup analysis
(P < 0.0001) with effect size of 1.19 (95% Cl, 0.66-
1.71), and the level of heterogeneity was reduced to
12 = 31%. Whereas, the local anesthetics subgroup
showed no significant favorable results to steroid (P
=0.19) with an effect size of 0.43 (95% Cl -0.21-1.07).
A high degree of heterogeneity was also observed
for this measurement (12 = 97).

Four studies provided the number of patients with
a successful pain score reduction at one month, which
allowed estimation of relative risk ratio (30,31,34,36).
Successful pain reduction was observed in 90 of the
146 patients from the steroid group and 45 of the 155
patients from the control group. The steroid group
had a higher proportion of patients who experienced
successful pain control than the control group, with
an overall estimated effect size of 4.04 (95% Cl, 1.89-
8.61), and this difference was statistically significant
(P = 0.0003). The heterogeneity was found to be I? =
55% (Fig. 3a).

Pain Score at 3 Months

Continuous data on pain measurement scores at 3
months were available in 8 studies (26-29,32-35). The
overall mean difference was calculated as 0.19 (95% ClI
:0.00-0.37) which favored steroid use with considerable
degree of statistical significance (P = 0.05). The level of
heterogeneity was found as I> = 39%.

Six studies provided the number of patients
with a successful pain score reductions at 3 months,
which allowed estimation of relative risk ratio
(26,27,33,34,36,37). Successful pain control was ob-
served in 246 of the 290 patients of steroid group and
222 of the 290 patients in the control group. The steroid
group had a higher proportion of patients with success-
ful pain control than the control group, with an overall
estimated effect size of 1.86 (95% Cl: 1.13-3.07), which
was statistically significant (P = 0.02). The heterogeneity
was found to be 1> = 26% (Fig.3b).
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g0~
588 o] = - [ E Pain Score at 6 Months
= Continuous data of pain measurement scores at 6 months
&8 2 were available in four studies (26,27,32,33). The overall mean dif-
F&S il Bl w| | & ference was calculated as 0.15 (95% Cl: -0.85-1.15), which favored
?Pm steroid use, although this difference was not statistically signifi-
Eg g N lwl= cant (P = 0.77). Furthermore, no heterogeneity was observed (I?
=0%).
m§ x - Dichotomous data on number of patients with successful
zZ &l —| o~ o | | @ . . . .
pain score reductions at 6 months were provided by 5 studies
;g RN (26,27,33,36,37), which allowed an estimation of relative risk
Z&2 —~|o| —~ || & ratio . Successful pain control was observed in 208 of the 243
Z patients in the steroid group and in 192 of the 244 patients in
S ° the control group. The steroid group had a higher proportion of
'§ et patients with successful pain control than the control group, with
§ § | =] = ol e 2 an overall estimated effect size of 1.86 (95% Cl, 0.80-4.36), which
- was not statistically significant (P = 0.15). The heterogeneity was
§ o found to be I2 = 64% (Fig. 3c).
$3 ol s lwls Pain chre at 1 Year .
- Continuous data on pain measurement scores at one year
E s were available in 3 studies (26,27,33). The overall mean difference
£ was calculated as 0.14 (95% Cl: -1.07-1.35) which favored steroid
5 E o use, but this difference was not statistically significant (P = 0.82).
> S il Ml i I No heterogeneity was observed (12 = 0%).
§ @ Dichotomous data about number of patients with a success-
ES’ ful pain score reductions at 1 year were provided by same 3 stud-
5 § ol 2 |l ies, which allowed an estimation of relative risk ratio (26,27,33).
Successful pain control was observed in 162 of the 180 patients
§ B in the steroid group and in 162 of the 180 patients in the control
E S @ N wlals group. The steroid group had a higher proportion of patients
o with successful pain management than the control group, with
g _§ E N _ an overall estimated effect size of 1.94 (95% Cl, 1.05-3.59), which
= |28 = il Bl i I ¥ was statistically significant (P = 0.03). No heterogeneity was ob-
& g - served (12 = 0%) (Fig. 3d).
Fl gs
Zii E E - Functional Improvement at 1 Month
‘; ©s il Bl A I Seven studies presented continuous data on functional scores
5. at 1 month and were available for the analysis of effect size by
§ 5 § g o wlale mean difference (25,28,29,32,34-36). The overall mean difference
3 was estimated as 4.07 (95% Cl: -0.98-9.12), which favored steroid
§‘ % - use over control agents, but the difference lacked statistical sig-
5 5 § g Aol Slalalals nificance (P=0.11). A high degree of heterogeneity was revealed
3 2 - (12 = 98%).
'Ngo " = ;%‘ S A subgroup analysis was conducted after division of the stud-
~§ £ E 3| o @ ies into 2 subgroups depending on whether local anesthetics or
< - é g 8 é § saline was used as control. Four studies (32,34-36) were included
; o ;§ g % 3) 2z E in the subgroup of saline, while the other 3 studies (25,28,29)
"a\' E = g z = §D % were included in the subgroup of local anesthetics. In the saline
8 é § @ g & % -§ g subgroup, steroid revealed significantly better clinical results
° & SARSANGE: L:) 2|8 than control (P = 0.0002) with effect size of 5.04 (95% Cl, 2,35-
g SlE 2| 88|54
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Mean Dfference
1V, Random, 5% 1
Careze 1997 21 292 78 124 273 80 120% 086F002,1.74)
Conen 2012 317 258 28 253 255 30 76% 0B4}068,195 =
Ohahreman 2010 29 244 28 11 24 37 87%  180(061,299)
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Lath A,
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Total events a0 45

Helerogeneity. Tau'= 0.33, Chi"= 6.73,df= 3 (P = 0.08), I"= 55%

Tostfor overall efect Z= 361 (P = 0.0003) S —
(a) Forestplot of pain score at 1 month
Sterold Coatrol Mean Diftereace Mean Difference

Ly O kb

Carele 1997 225 344 78 265 36 80 26% -040F1.50,070) oy
Merson 2011 12 379 37 025 386 39 11%  -087[259,085 ————
Manchikand 2011 44 135 60 4 142 60 100%  040F0.10,050) ™
Manchikant 2013 45 1 B0 43 126 B0 133%  020(021,061) T
Manchikand 2014 42 124 B0 42 142 B0 107%  000}0.48,048) ——
Nandi 2017 343 193 &7 217 205 46 45% 1261045207 r———
Ng 2005 23 05 &1 222 052 40 251%  008}0.14,0.30) T
Tatazal 2009 245 036 65 226 041 59 328%  0.19(005,033) i
Total (95% C1) 443 444 100.0%  0.19[0.00,0.37] p
Heterogenelly Tau'= 0,02, Chi*= 11,44, 0= 7 (P=0.12), P= 39% E‘ ; 0 } ‘C
Test for overall effect 2= 2.00 (P = 005 contol sterold
Sterold Coatrol Odds Ratio 0dds Ratio

ot S G oupD N Pl L o kil :'.h'.'.ll 'FA b Random,
Cohen 2012 "2 13 30 180% 1.31 (0.46, 3.68) T - a—
Ghai 2015 0 35 17 34 150% 6.00 {188, 19.16) _
Manchikanti 2011 48 60 % 60 231% 1.22(0.51,291) —_—1r—
Manchikanti 2013 53 60 47 B0 189% 209(0.77,569) ]
Manchikanti 2014 73 80 77 60 Notestimable
Nangi 2017 w47 22 46 250% 1.61[0.71, 36%) I
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Total events 246 2
Heterogenaity: Tau'= 0,09, Chi*= .44, 0f= & (P = 0.25), = 26% oiJs 0=2 s 2=°
Tostfor overall effct 2= 2.42(P = 0.02) ' control stercid

(b) Forest plot of pain score at 3 months

Fig. 3. Forest plot of pain score: a) at 1 month, b) at 3 months, c¢) at 6 months, d) at 1 year.
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Steroid Control Mean Difference Mean Difference
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Manchikanti 2013 45 57 60 41 591 60 232%  0.40[1.68,248) e E—
Manchikanti 2014 41 592 60 44 596 60 222% -0.30[243,183
Total (95% CI) 217 219 100.0%  0.15(-0.85,1.15] -?—
Heterogeneity: Tau"= 0.00; Chi*= 0.27, df= 3 (P = 0.97), F= 0% = % o 3 7
Testfor overall effect Z=0.30(P=0.77) control  steroid
Sterold Control 0Odds Ratio Odds Ratio
T nts _Total nts T ht M.H, Ran 1 M.H n 1
Cohen 2012 g 28 12 30 237% 0.60 (0.20, 1.80) —r—p—
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Total (95% CI) 243 244 100.0% 1.86 [0.80, 4.36) i
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Heterogeneity. Tau™= 0,48, Chi*=8.33,df= 3 (P=0.04), F= 64% 005 02 : 20
Testfor overall effect Z=1.43 (P=0.15) control sterold
(c) Forest plot of pain score at 6 months
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Heterogeneity. Tau"= 0.00; Ch*= 0.25, df= 2 (P = 0.88), = 0% 71 53 5 : Pe
Testfor overall effect Z=0.23 (P =0.82) ool Bterid
0Odds Ratio 0dds Ratio

Testfor overall efect Z= 212 (P = 0.03)

(d) Forest plot of pain score at 1 year

1 A £ 5 01 e e n it FIX X Lk .
Manchikanti 2011 48 60 42 60 566%  1.71[0.74,3.97] —
Manchikanti 2013 51 60 43 60 434%  224[091,553) —
Manchikanti 2014 63 60 77 60 Not estimable
Total (95% CI) 180 180 100.0%  1.94[1.05,3.59) -
Total events 162 162
Heterogenelty. Chi*=0.18,df=1 (P=067), "= 0% u.'os IJTI 5 2"]

Favours [experimental] Favours [control]

Fig. 3 (cont.). Forest plot of pain score: a) at 1 month, b) at 3 months, ¢) at 6 months, d) at 1 year.

7.73), and the level of heterogeneity was reduced to 12
= 21%. However, in the local anesthetics subgroup, no
significant difference was observed between steroids
and local anesthetic (P = 0.42), with an effect size of
3.25 (95% Cl: -4.60-11.11). The level of heterogeneity
was also measured as high (1 = 99) (Fig.4a).

Functional Improvement at 3 Months

Eight studies (26-29,32-35) were available for the
analysis of effect size based on the mean difference for
functional improvement at 3 months. The estimated
overall mean difference was calculated as 0.14 (95%
Cl: -1.23-1.52), which favored steroid use, although this
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Steroid Control Mean Difference Mean Difference
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Manchikanti 2011

1.71(0.79,3.70)
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(b) Forest plot of functional score at 3 months

Fig. 4. Forest plot of functional score: a) at 1 month, b) at 3 months, c) at 6 months, d) at 1 year.

difference lacked statistical significance (P = 0.84). The of relative risk ratio (26,27,33). Successful pain reduc-
degree of heterogeneity was I = 68%. tion was found in 134 of the 180 patients of steroid

Three studies presented dichotomous data about  group and in 126 of the 180 patients of the control
the number of patients with successful functional im-  group. The steroid group achieved a higher proportion
provements at 3 months, which allowed an estimation  of successful functional improvement than the control
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Sterold Control
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(c) Forest plot of functional score at 6 months

148 203

Nanchlkann 201 i 24

Manchikanti 2013 166 211 60 144 22 60 320%
Manchikanti 2014 135 203 60 152 217 60 337%
Total (95% CI) 180 180 100.0%
Heterogeneity. Tau®= 0.00; Chi*= 0.54, df= 2 (P = 0.76), P= 0%
Testfor overall effect Z=0.23 (P = 0.82)

Sterold

34 0%

80

60

45

Manchikanti 201 I 40
Manchikanti 2013 52 60 41 60 321%
Manchikanti 2014 3 60 47 60 339%
Total (95% CI) 180 180 100.0%
Tolal events 133 128

Heterogeneity: Tau®= 0.80; Chi*= 10.82, df= 2 (P = 0.004); "= 82%
Testforoverall effect Z=0.34 (P=0.74)

(d) Forest plot of functional score at 1 year

Mean D‘rltefenoe llean Otﬂemnce
-3sop1zso 4.90) e | A
0.50 [-6.95, 7.95) —_—
1.90 [-5.79, 9.59) —_—
-1.00 [-8.52, 6.52)
7.80 10.33,15.93) ——
1.13(-2.47,4.73) '?-
-20 -10 0 10 20
control steroid
Odds Rnﬂo

1.09 [0 49 242)
3.76(1.51,9.36)
0.71(0.31,1.60)

1.40 [0.54, 3.59)

1. 10[—5 36, sssl —
220[5.51,9.91) —_—
-1.70-9.22, 5.82) —_—
0.51 [-3.86, 4.87] -?—
-20 -10 0 10 20
control steroid
Odds Ratio

1.500.68, 3.32)
3.01(1.20,7.57)
0.41(0.19, 0.93)

1.21(0.39, 3.74)

o
(]
-
[T

Odds Ratlo

02 1 5 2
control sterold

ST

Fig. 4 (cont.). Forest plot of functional score: a) at 1 month, b) at 3 months, ¢) at 6 months, d) at 1 year.

group, with an overall estimated effect size of 1.25
(95% Cl: 0.72-2.18), which lacked statistical significance
(P = 0.25). The heterogeneity was found to be I? =29%
(Fig. 4b).

Functional Improvement at 6 Months

Five studies (25-27,32,33)provided the continuous
data on functional improvement at 6 months, which
were applied to analyze the effect size based on the
mean difference. The estimated overall mean dif-
ference was 1.13 (95% Cl: -2.47-4.73), which favored

steroid without statistical significance (P = 0.54). The
degree of heterogeneity was observed to be 12 = 0%.
Three studies (26,27,33) presented the dichoto-
mous data about number of patients with a successful
functional improvement at 6 months, which allowed an
estimation of relative risk ratio. Successful pain reduc-
tion was observed in 138 of the 180 patients in the ste-
roid group, and in 127 of the 180 patients in the control
group. The steroid group had a higher proportion of
patients with successful functional improvement than
the control group, with an overall estimated effect size
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of 1.40 (95% Cl: 0.54-3.59), which lacked statistical sig-
nificance (P = 0.49). The degree of heterogeneity was
12=73%.

Functional Improvement at 1 Year

Three studies (26,27,33) provided the continuous
data on functional improvements at 1 year, which were
available for the analysis of effect size by the mean
difference. The estimated overall mean difference was
calculated as 0.51 (95% Cl: -3.86-4.87), which favored
steroid use, although this difference was not statistical-
ly significant (P = 0.82). No heterogeneity was observed
(12 = 0%).

The same 3 studies (26,27,33) presented dichoto-
mous data about the number of patients with a success-
ful functional improvement at 1 year, which allowed an
estimation of relative risk ratio . Successful pain reduc-
tion was observed in 133 of the 180 patients in the ste-
roid group, and in 128 of the 180 patients in the control
group. The steroid group had a higher proportion of
patients with successful functional improvement than
the control group, with an overall estimated effect size
of 1.21 (95% Cl: 0.39-3.74), which was not statistically
significant (P = 0.74). A high degree of heterogeneity
was found (1> = 82%), however, the subgroup analysis
could not be performed due to the small number of
studies (Fig. 4d).

Level of Evidence and Strength of
Recommendation

The risk of bias was evaluated as low level as
previously mentioned. Directness was not considered
problematic because all included studies directly com-
pared steroid with controls. Publication bias was not
assessed because fewer than 10 studies were included
in each meta-analysis. However, the consistency was
considered to have serious problems because diversity
in the type of steroid used, type of control injectate
(local anesthetics or saline) or approach techniques
(transforaminal, interlaminar, or caudal) existed across
studies, and considerable heterogeneity was found in
part of the meta-analysis. The degree of precision was
considered to be no serious problematic because most
studies included the number of subjects, which satisfied
the sample size calculation criteria determined by previ-
ous studies.

All reviewers agreed that steroids in the injectate of
epidural injections allowed better pain control than lo-
cal anesthetics or saline, as supported by meta-analysis
of selected studies in patients with LDH, while no signif-

icant functional improvement benefits of steroid were
found. Notably, the clinical superiority of steroid was
more prominent in comparison with saline than with
local anesthetics at relatively short-term follow-ups,
such as 1 month, than at long-term follow-ups. Steroids
did not require high cost and were as easily accessible
as local anesthetics or saline. There are concerns regard-
ing the side effects associated with repeated steroid
injections (6,38), but they can usually be avoided if the
several sessions of steroid injections produce satisfac-
tory pain control and excessively repetitive injections
are not required (39-41). Epidural injection of steroids
is recommended over local anesthetics or saline for the
treatment of patients with LDH, but the strength of
recommendation was determined as weak, mainly due
to the moderate degree of evidence through discussion
of all reviewers.

Discussion

There were concerns for adverse effects related to
steroid overdose during epidural injection, especially
in case of repetitive steroid injections. Because steroid
results in suppression of immunologic reaction, it might
increase susceptibility to infectious disease such as epi-
dural abscess, bacterial meningitis, or subarachnoiditis
(42). Furthermore, repetitive epidural injections of ste-
roid, even if locally administered, could lead to minor
or major systemic side effects including skin change,
adrenal insufficiency, glucose intolerance, Cushing syn-
drome, etc (6,38,43).

Thus, conflicting opinions exist with respect to
whether steroid injections have advantages over local
anesthetics or saline injections. If steroids help enhance
clinical outcomes in comparison with local anesthetic
or saline, steroids could fulfill clinical goals without
causing systemic side effects by reducing the need for
repeated injections. When epidural steroid injections
were appropriately planned and conducted, less than
3 injections per year using 2.5 to 5 mg dexamethasone
per injection were usually required to achieve clinically
successful results (39,40). If satisfactory results are not
achieved with epidural steroid administration, other
treatment options should be considered. In addition,
the use of local anesthetics in the epidural space is
not without risks; they may cause side effects such as
nausea, allergic reaction, hypotension, headache, or
lower limb paralysis. Moreover, when excessive dosages
were used, systemic reactions including vasovagal reac-
tion, loss of consciousness, convulsions and respiratory
depression have also occurred (44,45). Consequently,
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physicians should be cognizant of the potential risks of
any substance injected into the epidural space; not just
steroids.

To summarize our study, the quality of 14 selected
articles was measured as high quality with regard to
GRADE and Cochrane review criteria as well as high or
moderate quality for IPM-QRB. The reviewed articles
revealed that steroid showed superior or non-inferior
clinical results to controls. Meta-analysis showed that
steroids achieved significantly better pain reduction
than controls, but no significantly better functional
improvement. The superiority of steroid in pain control
was observed in continuous data as well as dichoto-
mous data at 1 month, but was found only in dichoto-
mous data, not in continuous data at 3 months and 1
year. Besides, although not strictly satisfying the degree
of statistical significance, steroid showed considerable
degree of significance in continuous data at 3 months
(P = 0.05). The subgroup analysis performed at 1 month
showed that steroids achieved better pain control and
functional improvement than saline, but not than local
anesthetics. Briefly, the superiority of steroid was more
remarkable in terms of pain control than functional im-
provement; in the short term rather than the long term;
and when compared to saline than local anesthetics.

Eight studies (26,28-34) demonstrated no signifi-
cant difference between steroid and controls. Steroid
alone or mixture of steroid and isotonic saline was
compared with isotonic saline in 3 studies (30,32,34).
Steroid with mixture of bupivacaine or lidocaine was
compared with bupivacaine or lidocaine alone in other
5 studies (26,28,29,31,33). Whereas, among the 3 stud-
ies reporting the long-term superiority of steroid, 1
study compared mixture of steroid and xylocaine with
mixture of saline and xylocaine (25), and 2 studies
compared mixture of steroid and lidocaine with lido-
caine alone (27,37). Three studies which showed only
short-term superiority of steroid compared mixture of
steroid and local anesthetics/normal saline with normal
saline (23,35,36). The inspections of each study included
in this review suggested that the advantage of steroid
was could be obtained in comparison not only with
saline but also active control, local anesthetics.

Rather, it seemed that approach method seemed
to influence the clinical advantage of steroid over con-
trols, irrespective of types of control injectate. Among
the 8 studies without significant difference, transfo-
raminal approach was used in 4, interlaminar approach
was 1, and caudal approach was 3 studies. Among the
3 studies showing short term benefits of steroid, 2 stud-

ies and 1 study used transforaminal and interlaminar
approach respectively. Of the 3 studies obtaining long-
term benefits of steroid, 2 studies and 1 study used the
interlaminar and caudal approach respectively. The ten-
dency was observed that the transforminal approach
eliminated or reduced the advantage of using steroids
over local anesthetics or normal saline. Analyzing date
using the literature from 3 RCTs using 3 different ap-
proaches indicated that the superiority of steroids
was more distinct in the caudal and interlaminar ap-
proaches than with the transforaminal approach (46).
This could suggest that the transforaminal approach, a
more target-specific method, could provide clinical ad-
vantages over the other 2 approaches with or without
steroids.

Steroid superiority deteriorated from 3 months to 1
year, which could be explained by the fact that the ste-
roid efficacy was usually not maintained over the long
term, thus the differences in clinical efficacy diminish
over time. Several reports have stated that clinical data
at long-term follow-up are difficult to be considered
as clinical effects from previously performed epidural
steroid injection because the effects substantially dete-
riorate over this duration (47-49). However, physicians
should not be discouraged because about 2-3 sessions
per year usually achieve satisfactory results, and other
strategies such as exercise and lifestyle modification
may help to maintain the clinical benefits obtained
through epidural injection (37,40,50,51).

Despite no significant differences in mean and
standard deviation, relative risk ratio with success-
ful proportion of pain control revealed that steroids
maintained superiority over controls at 3 months and
1 year. Most studies established successful pain control
as a 50% NRS or VAS score reduction or more pretreat-
ment. These criteria were presumed as generous so to
show significant improvements that were not found by
mean values. However, a 50% or more improvement in
pain scores was frequently used in clinical practice as
well as in research, and was felt to represent a clinically
meaningful difference (20,27,33,52).

Not surprisingly, the subgroup analysis revealed
that the superiority of injections with steroids at 1
month was significant compared with saline-only injec-
tions. This was not the case when steroids were com-
pared with local anesthetics at the 1 month interval.
The function of steroids is to remove inflammatory
mediators, decrease vascular permeability, and block
neurotransmission of pain signals; while the function
of local anesthetics is to play a role in inhibiting pain
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signal transmission or high-frequency neuronal dis-
charges (7,9,10,22,53). However, saline does not func-
tionally inhibit inflammatory action or nerve impulse
transmission, and simply acts as an agent which clears
and dilutes chemical mediators and enhances volume
effects (25). This might explain why steroids showed
more predominant differences than saline, but did not
differ from local anesthetics as substantially.

Limitations

This study has a few limitations. The supportive
strength of this study was weak, which was mainly
because the evidence level was moderate despite high
quality of studies, and this was primarily due to incon-
sistencies from diversities across the studies. Second,
analyses about safety or adverse effects could not be
performed because such data was not provided by the
included studies. Third, the subgroup analysis of func-

Appendix
Go to:

https://asippfiles.sharefile.com/d-s13820f7314f4083a

tional score at 1 year could not be conducted due to
the small number of studies, in spite of high degree of
heterogeneity.

ConcLusION

In conclusion, steroids performed better than con-
trol agents for pain control in patients with LDH, with
weak strength of recommendation. The superiority of
steroids for pain control was more remarkable at rela-
tively short-term follow-up, but was maintained until
1 year follow-up. The clinical benefits of steroids at 1
month were more prominent when compared with sa-
line only and the benefits were not as prominent when
compared with local anesthetics.

Acknowledgements
The authors declare no conflicts of interest or fund-
ing sources.

www.painphysicianjournal.com

465


https://asippfiles.sharefile.com/d-s13820f73f4f4083a

Pain Physician: September/October 2018: 21:449-467

REFERENCES

1.

10

Wheeler AH, Murrey DB. Chronic lum-
bar spine and radicular pain: Pathophys-
iology and treatment. Curr Pain Head-
ache Rep 2002; 6:97-105.

McCarron RF, Wimpee MW, Hudkins
PG, Laros GS. The inflammatory effect
of nucleus pulposus. A possible element
in the pathogenesis of low-back pain.
Spine (Phila Pa 1976) 1987; 12:760-764.
Wilkinson |, Cohen SP. Epidural steroids
for spinal pain and radiculopathy: A nar-
rative, evidence-based review. Curr Opin
Anaesthesiol 2013; 26:562-572.

Lundin A, Magnuson A, Axelsson K,
Nilsson O, Samuelsson L. Corticoste-
roids peroperatively diminishes damage
to the C-fibers in microscopic lumbar
disc surgery. Spine (Phila Pa 1976) 2005;
30:2362-2367; discussion 2368.
Pasqualucci A, Varrassi G, Braschi A,
Peduto VA, Brunelli A, Marinangeli F,
Gori F, Colo F, Paladini A, Mojoli F. Epi-
dural local anesthetic plus corticosteroid
for the treatment of cervical brachial
radicular pain: Single injection versus
continuous infusion. Clin J Pain 2007;
23:551-557.

Kushnerik V, Altman G, Gozenput P.
Pharmacology of steroids used during
epidural steroid injections. Tech Reg An-
esthes Pain Manag 2009; 13:212-216.
Hayashi N, Weinstein JN, Meller ST, Lee
HM, Spratt KF, Gebhart GF. The effect
of epidural injection of betamethasone
or bupivacaine in a rat model of lum-
bar radiculopathy. Spine (Phila Pa 1976)
1998; 23:877-885.

Byrod G, Otani K, Brisby H, Rydevik B,
Olmarker K. Methylprednisolone re-
duces the early vascular permeability in-
crease in spinal nerve roots induced by
epidural nucleus pulposus application. ]
Orthop Res 2000; 18:983-987.

Sato C, Sakai A, Ikeda Y, Suzuki H, Saka-
moto A. The prolonged analgesic effect
of epidural ropivacaine in a rat model
of neuropathic pain. Anesth Analg 2008;
106:313-320, table of contents.
Manchikanti L, Nampiaparampil DE,
Manchikanti KN, Falco FJ, Singh V, Benya-
min RM, Kaye AD, Sehgal N, Soin A, Si-
mopoulos TT, Bakshi S, Gharibo CG, Gil-
ligan CJ, Hirsch JA. Comparison of the ef-
ficacy of saline, local anesthetics, and ste-
roids in epidural and facet joint injections
for the management of spinal pain: A sys-
tematic review of randomized controlled
trials. Surg Neurol Int 2015; 6:5194-235.

11

12

13

14

15

16

17

18

19

Bicket MC, Gupta A, Brown CHt, Cohen
SP. Epidural injections for spinal pain:
A systematic review and meta-analysis
evaluating the “control” injections in
randomized controlled trials. Anesthesi-
ology 2013; 119:907-931.

Tachihara H, Sekiguchi M, Kikuchi S,
Konno S. Do corticosteroids produce ad-
ditional benefit in nerve root infiltration
for lumbar disc herniation? Spine (Phila
Pa 1976) 2008; 33:743-747.

Meng H, Fei Q, Wang B, Yang Y, Li D, Li
J, Su N. Epidural injections with or with-
out steroids in managing chronic low
back pain secondary to lumbar spinal
stenosis: A meta-analysis of 13 random-
ized controlled trials. Drug Des Devel Ther
2015; 9:4657-4667.

Zhai J, Zhang L, Li M, Tian Y, Zheng W,
Chen J, Huang T, Li X, Tian Z. Epidural
injection with or without steroid in man-
aging chronic low back and lower ex-
tremity pain: ameta-analysis of ten ran-
domized controlled trials. Int ] Clin Exp
Med 2015; 8:8304-8316.

Manchikanti L, Benyamin RM, Falco FJ,
Kaye AD, Hirsch JA. Do epidural injec-
tions provide short- and long-term relief
for lumbar disc herniation? A system-
atic review. Clin Orthop Relat Res 2015;
47311940-1956.

Zhai J, Zhang L, Li M, Tian Z, Tian Y,
Zheng W, Chen J, Huang T, Li X. Epi-
dural injection with or without steroid
in managing chronic low-back and low-
er extremity pain: A meta-analysis of 10
randomized controlled trials. Am ] Ther
2017; 24:€259-€269.

Guyatt GH, Oxman AD, Kunz R, Vist GE,
Falck-Ytter Y, Schunemann HJ. What is
“quality of evidence” and why is it impor-
tantto clinicians? BM] 2008; 336:995-998.
Kaye AD, Manchikanti L, Abdi S, Atluri
S, Bakshi S, Benyamin R, Boswell MV,
Buenaventura R, Candido KD, Cord-
ner HJ, Datta S, Doulatram G, Gharibo
CG, Grami V, Gupta S, Jha S, Kaplan ED,
Malla'Y, Mann DP, Nampiaparampil DE,
Racz G, Raj P, Rana MV, Sharma ML,
Singh V, Soin A, Staats PS, Vallejo R,
Wargo BW, Hirsch JA. Efficacy of epidur-
al injections in managing chronic spinal
pain: A best evidence synthesis. Pain Phy-
sician 2015; 18:E939-1004.

Manchikanti L, Kaye AD, Manchikanti K,
Boswell M, Pampati V, Hirsch ). Efficacy
of epidural injections in the treatment
of lumbar central spinal stenosis: A sys-

20

21

22

23

2

25

26

27

tematic review. Anesth Pain Med 2015;
5:€23139.

Manchikanti L, Knezevic NN, Boswell
MV, Kaye AD, Hirsch JA. Epidural injec-
tions for lumbar radiculopathy and spi-
nal stenosis: A comparative systematic
review and meta-analysis. Pain Physician
2016; 19:E365-410.

Manchikanti L, Hirsch JA, Cohen SP,
Heavner JE, Falco FJ, Diwan S, Boswell
MV, Candido KD, Onyewu CO, Zhu J,
Sehgal N, Kaye AD, Benyamin RM, Helm
S, 2nd, Singh V, Datta S, Abdi S, Christo
PJ, Hameed H, Hameed M, Vallejo R,
Pampati V, Racz GB, Raj PP. Assessment
of methodologic quality of random-
ized trials of interventional techniques:
Development of an interventional pain
management specific instrument. Pain
Physician 2014; 17:E263-290.

Rasouli MR, Rahimi-Movaghar V,
Shokraneh F, Moradi-Lakeh M, Chou
R. Minimally invasive discectomy ver-
sus microdiscectomy/open  discecto-
my for symptomatic lumbar disc her-
niation. Cochrane Database Syst Rev
2014:CD010328.

Karppinen J, Malmivaara A, Kurunlahti
M, Kyllénen E, Pienimiki T, Nieminen P,
Ohinmaa A, Tervonen O, Vanharanta H.
Periradicular infiltration for sciatica: A
randomized controlled trial. Spine 2001;
26:1059-1067.

Hjermstad M), Fayers PM, Haugen
DF, Caraceni A, Hanks GW, Loge JH,
Fainsinger R, Aass N, Kaasa S. Studies
comparing Numerical Rating Scales,
Verbal Rating Scales, and Visual Ana-
logue Scales for assessment of pain in-
tensity in adults: A systematic literature
review. ] Pain Symptom Manage 2011;
41:1073-1093.

Sayegh FE, Kenanidis El, Papavasil-
iou KA, Potoupnis ME, Kirkos JM, Ka-
petanos GA. Efficacy of steroid and
nonsteroid caudal epidural injections
for low back pain and sciatica: A pro-
spective, randomized, double-blind
clinical trial. Spine (Phila Pa 1976) 2009;
3411441-1447.

Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. A ran-
domized, controlled, double-blind trial
of fluoroscopic caudal epidural injec-
tions in the treatment of lumbar disc
herniation and radiculitis. Spine (Phila
Pa 1976) 2011; 36:1897-1905.
Manchikanti L, Singh V, Cash KA, Pam-

466

www.painphysicianjournal.com



Epidural Injection With or Without Steroid

28

29

30

31

32

33

34

35

pati V, Falco FJ. The role of fluoroscop-
ic interlaminar epidural injections in
managing chronic pain of lumbar disc
herniation or radiculitis: A random-
ized, double-blind trial. Pain Pract 2013;
13:547-558.

Tafazal S, Ng L, Chaudhary N, Sell P.
Corticosteroids in peri-radicular infil-
tration for radicular pain: A randomised
double blind controlled trial. One year
results and subgroup analysis. Eur Spine
] 2009; 18:1220-1225.

Ng L, Chaudhary N, Sell P. The efficacy
of corticosteroids in periradicular infil-
tration for chronic radicular pain: A ran-
domized, double-blind, controlled trial.
Spine (Phila Pa 1976) 2005; 30:857-862.
Valat JP, Giraudeau B, Rozenberg S,
Goupille P, Bourgeois P, Micheau-Beau-
gendre V, Soubrier M, Richard S, Thom-
as E. Epidural corticosteroid injections
for sciatica: A randomised, double blind,
controlled clinical trial. Ann Rheum Dis
2003; 62:639-643.

Ghahreman A, Ferch R, Bogduk N.
The efficacy of transforaminal injec-
tion of steroids for the treatment of
lumbar radicular pain. Pain Med 2010;
11:1149-1168.

Iversen T, Solberg TK, Romner B, Wils-
gaard T, Twisk J, Anke A, Nygaard O,
Hasvold T, Ingebrigtsen T. Effect of cau-
dal epidural steroid or saline injection
in chronic lumbar radiculopathy: Multi-
centre, blinded, randomised controlled
trial. BM] 2011; 343:d5278.

Manchikanti L, Cash KA, Pampati V,
Falco FJ. Transforaminal epidural in-
jections in chronic lumbar disc her-
niation: A randomized, double-blind,
active-control trial. Pain Physician 2014;
17:E489-501.

Nandi J, Chowdhery A. A randomized
controlled clinical trial to determine the
effectiveness of caudal epidural steroid
injection in lumbosacral sciatica. ] Clin
Diagn Res 2017; 11:RCo4-RCo8.

Carette S, Leclaire R, Marcoux S, Mo-
rin F, Blaise GA, St-Pierre A, Truchon R,
Parent F, Lévesque J, Bergeron V, Mont-
miny P, Blanchette C. Epidural corti-
costeroid injections for sciatica due to
herniated nucleus pulposus. NEJM 1997;

36

37

38

39

40

41

42

43

44

45

336:1634-1640.

Cohen SP, White RL, Kurihara C, Lar-
kin TM, Chang A, Griffith SR, Gilligan
C, Larkin R, Morlando B, Pasquina PF,
Yaksh TL, Nguyen C. Epidural steroids,
etanercept, or saline in subacute sciati-
ca: a multicenter, randomized trial. Ann
Intern Med 2012; 156:551-559.

Ghai B, Kumar K, Bansal D, Dhatt SS,
Kanukula R, Batra YK. Effectiveness of
parasagittal interlaminar epidural lo-
cal anesthetic with or without steroid
in chronic lumbosacral pain: A random-
ized, double-blind clinical trial. Pain
Physician 2015; 18:237-248.

Bagai A, Bal R. The mechanism of action
and side effects of epidural steroids.
Tech Reg Anesthes Pain Manag 2009;
13:205-211.

Lee JH, Lee SH. Can repeat injection
provide clinical benefit in patients with
cervical disc herniation and stenosis
when the first epidural injection results
only in partial response? Medicine (Bal-
timore) 2016; 95:e4131.

Lee JH, Lee SH. Can repeat injec-
tion provide clinical benefit in patients
with lumbosacral diseases when first
epidural injection results only in par-
tial response? Pain Physician 2016;
19:E283-290.

Murthy NS, Geske JR, Shelerud RA, Wald
JT, Diehn FE, Thielen KR, Kaufmann TJ,
Morris JM, Lehman VT, Amrami KK,
Carter RE, Maus TP. The effectiveness
of repeat lumbar transforaminal epi-
dural steroid injections. Pain Med 2014;
15:1686-1694.

Abram SE, O’Connor TC. Complications
associated with epidural steroid injec-
tions. Reg Anesth 1996; 21:149-162.

Schacke H, Docke WD, Asadullah K.
Mechanisms involved in the side effects
of glucocorticoids. Pharmacol Ther 2002;
96:23-43.

Botwin KP, Gruber RD, Bouchlas CG,
Torres-Ramos FM, Freeman TL, Slaten
WK. Complications of fluoroscopically
guided transforaminal lumbar epidural
injections. Arch Phys Med Rehabil 2000;
81:1045-1050.

Song SH, Ryu GH, Park JW, Lee Hj,
Nam KY, Kim H, Kim SY, Kwon BS. The

46

47

48

49

50

51

52

53

effect and safety of steroid injection in
lumbar spinal stenosis: With or without
local anesthetics. Ann Rehabil Med 2016;
40:14-20.

Manchikanti L, Singh V, Pampati V, Fal-
co FJ, Hirsch JA. Comparison of the ef-
ficacy of caudal, interlaminar, and trans-
foraminal epidural injections in man-
aging lumbar disc herniation: is one
method superior to the other? Korean ]
Pain 2015; 28:11-21.

Kennedy DJ, Zheng PZ, Smuck M, Mc-
Cormick ZL, Huynh L, Schneider BJ. A
minimum of s-year follow-up after lum-
bar transforaminal epidural steroid in-
jections in patients with lumbar radicu-
lar pain due to intervertebral disc her-
niation. Spine ] 2018; 18:29-35.

Landa J, Kim Y. Outcomes of interlami-
nar and transforminal spinal injections.
Bull NYU Hosp Jt Dis 2012; 70:6-10.
Young IA, Hyman GS, Packia-Raj LN,
Cole AJ. The use of lumbar epidural/
transforaminal steroids for managing
spinal disease. ] Am Acad Orthop Surg
2007; 15:228-238.

Pieber K, Herceg M, Quittan M, Csapo
R, Miiller R, Wiesinger GF. Long-term
effects of an outpatient rehabilitation
program in patients with chronic re-
current low back pain. Eur Spine ] 2014;
231779-785.

Vanti C, Andreatta S, Borghi S, Guc-
cione AA, Pillastrini P, Bertozzi L. The
effectiveness of walking versus exercise
on pain and function in chronic low
back pain: A systematic review and me-
ta-analysis of randomized trials. Disabil
Rehabil 2017:1-11.

Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. Effect
of fluoroscopically guided caudal epi-
dural steroid or local anesthetic injec-
tions in the treatment of lumbar disc
herniation and radiculitis: A random-
ized, controlled, double blind trial with a
two-year follow-up. Pain Physician 2012;
15:273-286.

Persaud N, Strichartz GR. Micromolar
lidocaine selectively blocks propagating
ectopic impulses at a distance from their
site of origin. Pain 2002; 99:333-340.

www.painphysicianjournal.com

467






