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Abstract

Background: The efficacy of epidural and facet joint injections has been assessed
utilizing multiple solutions including saline, local anesthetic, steroids, and others.
The responses to these various solutions have been variable and have not been
systematically assessed with long-term follow-ups.

Access this article

Methods: Randomized trials utilizing a true active control design were included. online

The primary outcome measure was pain relief and the secondary outcome measure Website:

was functional improvement. The quality of each individual article was assessed www.surgicalneurologyint.com
by Cochrane review criteria, as well as the criteria developed by the American DOI:

10.4103/2152-7806.156598

Society of Interventional Pain Physicians (ASIPP) for assessing interventional
techniques. An evidence analysis was conducted based on the qualitative level of
evidence (Level | to V).

Results: A total of 31 trials met the inclusion criteria. There was Level | evidence
that local anesthetic with steroids was effective in managing chronic spinal pain
based on multiple high-quality randomized controlled trials. The evidence also
showed that local anesthetic with steroids and local anesthetic alone were equally
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effective except in disc herniation, where the superiority of local anesthetic with
steroids was demonstrated over local anesthetic alone.

Conclusion: This systematic review showed equal efficacy for local anesthetic
with steroids and local anesthetic alone in multiple spinal conditions except for
disc herniation where the superiority of local anesthetic with steroids was seen

over local anesthetic alone.

KeyWords: Chronic pain, epidural injections, facet joint injections, local anesthetic,

spinal pain, steroids, saline

INTRODUCTION

The increasing prevalence of spinal pain and disability, and
the explosion of health care costs are major issues for the
[JS alld the World.[l1,18,28,46,49,72,73,78,1()1,l5(),151,163,195,2(]4] Fre])urger
et al." reported a rapid overall increase in low back pain
of 162%, rising from 3.9% in 1992 to 10.2% in 2006. A
study of US Burden of Discase Collaborators showed
spinal pain occupying three of the first five categories of
disability."”! Hoy et al.7>”! reported various prevalences for
spinal pain, with an annual prevalence of 39% in the low
back, 26% in the neck, and 13% in the midback or thoracic
spine. Leboeuf-Yde et al'™ reported the prevalence
of low back pain to be 43%, neck pain to be 32%, and
thoracic pain to be 13%. In addition, the prevalence of
persistent pain is high, especially in the elderly and it is
closely associated with functional limitations.[1+21:73201
Overall, chronic persistent low back and neck pain is seen

in 25-60% of patients, one year or longer after an initial
episode [39,45,109,157,193]

Martin et al.® estimated that treatments for back and
neck pain problems accounted for $86 billion in health
care expenditures in the US in 2005. This represented
an increase in expenditures of 65% and a 49% increase
in the number of patients secking spine-related care
from 1997 to 2006. Gaskin and Richard®! reported
annual expenditures of $100 billion for managing
moderate and severe pain. Various diagnostic and
treatment modalities have been increasingly utilized
including surgery, imaging, physical therapy, drugs, and
interventional techniques, and have been increasing
rapidly. Consequently,
spinal interventional techniques are considered to be one
of the major components in the escalation of health care
costs among patients with chronic spinal pain, specifically
in the US.[1L3334458097.108,128-130,138149.17L175,186]  Manchikanti
et al™¥ analyzed utilization trends and Medicare
expenditures from 2000 to 2008 regarding the growth of
spinal interventional pain management techniques. They
reported that Medicare recipients who received spinal
interventional techniques increased 107.8% from 2000

to 2008, with an annual increase of 9.6%. The overall
number of spinal interventional techniques performed
increased by 186.8%, an annual increase of 14.1% per
100,000 beneficiaries. There was a 240% increase in

expenditures for these procedures during the same period.

In another manuscript, Manchikanti et al.l'*®! reported

the overall increase of interventional techniques from
2000 to 2011 to be 228%. In the Medicare population
during the same period there was an overall increase of
177% — an annual increase of 11.4%. Abbott et al,!l in
their analysis of utilization patterns between 2003 and
2007, showed a variable number of procedures performed
per patient across all categories during a 12-month
inclusion period with high variability among specialties.
An increase in interventional techniques along with
geographic variability and variability among specialities
has been demonstrated.!™ Thus, spinal interventional
techniques are increasing exponentially, with their
cfficacy being scrutinized along with their inappropriate
use, [1:9:2436:43:44.63,80,

Epidural injections are managing  spinal
pain secondary to disc herniation, spinal stenosis,
postsurgery  syndrome, discogenic pain  not from
facet or sacroiliac  joints, and multiple other
conditions.[?#+36:436 I Facet joint injections
are used in managing facet joint pain.[**!7 Epidural
injections are administered by three approaches: caudal
in the sacral region; interlaminar in the lumbar, thoracic,
and cervical regions; and transforaminal in the lumbar,
thoracic, and cervical regions. Facet joint injections are
administered by intraarticular injections or facet joint
nerve blocks. The efficacy of epidural injections and
facet joint injections has been assessed utilizing multiple
solutions including saline, local anesthetics, steroids,
and other drugs such as clonidine, ketamine, hypertonic
sodium chloride solution, and amitriptyline.!'2?7:1%")
Local anesthetic alone or local anesthetic with steroids,
or steroids alone or with saline are the most common
combinations and most commonly studied, and normal
saline is commonly used as a placebo.

used In
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The response to epidural injections is variable for
various pathologies Including disc herniation and/
or radiculitis, discogenic pain without disc herniation,
spinal stenosis, and postsurgery syndrome. Manchikanti
et al ' based on multiple systematic reviews of
epidural injections and facet joint injections,3611%123.160]
reported variable evidence for disc herniation with
or without radiculitis, spinal stenosis, and discogenic
pain. This evidence ranged from good to limited based
on the pathology and treatment. The evidence from
multiple assessments appears to be similar for local
anesthetics  alone  compared with local anesthetic
steroids.[%3043:4463, In fact, Bicket
et al.' performed a systematic review and meta-analysis
evaluating “control” injections, utilizing 43 randomized
controlled trials, which included 3641 patients, and
concluded that epidural nonsteroidal injections were more
likely than nonepidural injections to achieve positive
outcomes and provide a greater pain score reduction.

with

Steroids and local anesthetics have multiple mechanisms
of action when injected into the epidural space;
antiinflammatory  effects are  predominantly  seen
with steroids and other effects are seen with local
anesthetics. 3619607 P SIS ISITISISLON The first reports
of caudal epidural injections were with local anesthetics
alone.P032A0I0I8] - Fryans®land  CyriaxP®? published
multiple manuscripts indicating the effectiveness of local
anesthetic injections without steroid. Bicket et al.l'?
combined all control injections rather than separating
them into active and inactive solutions, placebo and
active control trials, and various solutions such as local
anesthetic, amitriptyline, clonidine, hypertonic saline,
and normal sodium chloride solution.

This systematic review assesses randomized controlled
trials of epidural and facet joint injections utilizing
saline, local anesthetic, and/or steroids. The objective of
this review is to characterize the role of saline and local
anesthetic in these procedures and to compare their
effects to those of steroids in the long-term.

METHODS

The methodology for this systematic review was derived
from evidence-based systematic reviews and meta-analyses
of randomized trials.""” Randomized trials with an active
control or placebo control were included. Furthermore,
included trials had at least 25 patients in ecach group or
described appropriate sample size calculation, enrolled
patients with pain duration of at least 3 months, and
followed-up for at least 1 month after treatment.

Only randomized trials utilizing a true active control
design with injection of either sodium chloride solution
or local anesthetic or steroid into the epidural space, on
the nerve root, in the joint, or facet joint nerves were

S196

included. True placebo injections, that is, injections
of inactive solutions into inactive structures, were not
included.

In active control trials, two different procedures or
drugs are compared. For this assessment, only the trials
comparing sodium chloride solution, local anesthetic, or
steroids were utilized. The rationale for assessing only
the aforementioned agents is that they are the most
clinically relevant medications. Further, trials where a
drug was injected outside the epidural space, nerve root,
or joint were excluded. This evidence will address the
misconception concerning local anesthetic as a placebo or
even sodium chloride solution as a pure placebo.

The interventions evaluated were caudal and interlaminar
epidural injections in the cervical, thoracic, and lumbar
regions; transforaminal epidural injections in the cervical,
thoracic, and lumbar regions; and facet joint injections and
nerve blocks in the cervical, thoracic, and lumbar regions.

The primary outcome measure was pain relief; the
secondary outcome measure was functional improvement.
A literature search was performed from various resources
including PubMed, the Cochrane Library, the US
National Guideline Clearinghouse (NGC), previous
systematic reviews, and cross references.

The search period covered from 1966 through March
2014.

The search strategy emphasized chronic neck, thoracic,
low back, and upper extremity pain; lower extremity pain;
and chest wall pain treated with epidural or facet joint
interventions. Search terms were:

(Chronic low back pain or chronic back pain or chronic
neck pain or disc herniation or discogenic pain or facet joint
pain or herniated lumbar discs or nerve root compression
or lumbosciatic pain or postlaminectomy or lumbar surgery
syndrome or radicular pain or radiculitis or sciatica or spinal
fibrosis or spinal stenosis or zygapophyseal) and (epidural
injection or epidural steroid or epidural perineural injection
or interlaminar epidural or intraarticular corticosteroid or
nerve root blocks or intraarticular injection or periradicular
infiltration or saline injection or transforaminal injection
or corticosteroid or methylprednisolone or facet joint or
medial branch block); Sort by: Publication Date; Filters:
Clinical Trial, Controlled Clinical Trial, Evaluation Studies,
Multicenter Study, Randomized Controlled Trial, Validation
Studies, Comparative Study.

The quality of each individual article was
assessed for  bias using  Cochrane review
criteria [Appendix 1] and by the American Society
of Interventional Pain  Physicians (ASIPP)  review
criteria,  titled  “Interventional ~ Pain  Management
Techniques — Quality Appraisal of Reliability and Risk of
Bias Assessment (IPM — ORB)” [Appendix 2].121
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The literature search, selection of trials, and
methodological quality assessment were performed by at
least two authors for each task. The allocation of trials
for methodological quality assessment was distributed
among the authors. Any discrepancies were resolved by
consensus and the primary (LM) and senior (JH) authors.

Trials scoring 8-12 on Cochrane review criteria or 32-48
on ASIPP criteria were considered high quality, trials
scoring 4-7 on Cochrane review criteria or 20-31 on
ASIPP criteria were considered moderate quality, and
studies scoring less than 4 on Cochrane review criteria
or less than 20 on ASIPP criteria were considered low
quality.

A meta-analysis was conducted if there were more than
two trials that were condition-specific and homogencous.

Analysis of the evidence was based on the condition,
region, and modality (c.g. lumbar disc herniation, cervical
spinal stenosis, or thoracic facet joint arthritis) so as to
reduce any clinical heterogeneity.

The summary measure for pain was a 50% or more
reduction of pain in at least 50% of the patients, or at least
a 3-point decrease in pain scores; for disability scores the
summary measure was a 50% or more reduction in disability
in at least 40% of the patients or at least a 30-point decrease
in disability scores measured on a scale of 0-100.

The analysis of evidence was conducted based on the
qualitative level of evidence criteria synthesized by
ASIPPI2 as shown in Table 1, which was developed
from multiple previously utilized grading schemata, most
importantly Cochrane reviews and the United States
Preventive Services Task Force (USPSTF). 1156264189191

RESULTS

The literature search and study sclection is shown in
Figure 1 as recommended by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).1%
Overall, there were 40 randomized trials for consideration after
climinating duplicate publications.>51617.2327.29.354751.5279.87.85
94,98,114-122,132,133,137,139-144,153,159,161,174,177,178,182,188,192,199| Of these,
five trials utilized a true placebo design without the ability
to assess the role of the drugs injected into the epidural
space, facet joints, and over nerves;P >4 one  trial
utilized intramuscular steroid injections compared with
epidural steroid injections;!”” and another trial® utilized
intramuscular local anesthetic injections. In another trial,””!
forceful injection was assessed. One facet joint nerve block
trial compared two different modalities.””) Consequently, 31
trials met the inclusion criteria for methodological quality
assessment, [516:17.27.2047,52.79,87,114,116-122,132,133,137,139-144,159,161,175,
1521921 Fach manuscript was independently, in an unblinded,
standardized manner, assessed for methodological quality
assessment. The primary authors of manuscripts being

assessed were not involved in the methodological quality
assessment.  All - disagreements  between  reviewers  were
resolved by the primary and senior authors (LM and JII).
Methodological quality assessment scores are shown in
Tables 2 and 3.

Meta-analysis

There was no homogeneity among the 31 trials meeting
the inclusion criteria for methodological quality
assessment  when the region, technique, solutions
injected, and use of fluoroscopy were considered. Of
the 31 trials, 13 trials by Manchikanti et al. assessing
the role of epidural injections were similar in many
aspects;1HIE12B218.5914] they were, however, performed
for different pathologies, such as cervical or thoracic or
lumbar region involvement, or disc herniation, spinal
stenosis, postsurgery syndrome, or discogenic pain. Thus,
a meta-analysis was not feasible. Furthermore, the trials
were all performed by one group of authors in the same
setting with similar protocols. Similarly, four facet joint
nerve block manuscripts also had  similarities;?*7 1421+
they were performed in the same setting, but for different
regions, by the same group of authors. Consequently,
none of them met the criteria for homogeneity so as to
be included in a meta-analysis.

Study characteristics

Study characteristics and outcomes are described in
Table 4.

Caudal epidural injections

Among those trials meeting the inclusion criteria, there
were six examining the efficacy of caudal epidural
injections  with  multiple  solutions.7»118119.139.140.182]
Of these, four were of high quality utilizing
Cochrane and IPM-ORB criteria,M819B%%01 one  was
moderate  (IPM-ORB) to high (Cochrane review)
quality,™® and one was of moderate quality utilizing
both criteria.l””!

Four of these studies were conducted by Manchikanti
et al M990 Using the same protocol, active controlled
trials were conducted assessing the efficacy of epidural
injections in a total of 480 patients, either with local
anesthetic or local anesthetic with steroids, during a 2-year
follow-up in patients with lumbar disc herniation, lumbar
discogenic pain without facet joint or sacroiliac joint pain,
lumbar central spinal stenosis, and lumbar postsurgery
syndrome. These studies were rated as high quality on
Cochrane review criteria, with scores ranging from 10 to
11 out of 12 and IPM-ORB scores of 44 out of 48.

All four trials showed similar results for the efficacy of
caudal epidural injections with local anesthetic alone or
local anesthetic with steroids in 50-80% of the patients.
In these trials, success was defined as at least 3 weeks of
significant improvement (50% improvement) in pain and
function after the first two injections. All patients were
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Computerized and manual search of
literature and contacts with the
Experts =930

Articles excluded by title and/or abstract

Potential articles

n=615

n=315

Abstracts reviewed

n=315

Abstracts excluded

n=211

Full manuscripts reviewed
n=104

Manuscripts considered

n =66

Manuscripts not meeting inclusion

criteria (including duplicates)

n =26

Manuscripts considered for
inclusion

n=40

Figure 1:The flow diagram illustrating published literature evaluating various solutions in epidural and facet joint injections

Table 1: Grading of evidence modified by ASIPP

Evidence obtained from multiple relevant high-quality
randomized controlled trials

Evidence obtained from at least one relevant high-quality
randomized controlled trial or multiple relevant moderate- or
low-quality randomized controlled trials

Evidence obtained from at least one relevant moderate- or
low-quality randomized controlled trial with multiple relevant
observational studies or evidence obtained from at least one
relevant high-quality nonrandomized trial or observational study
with multiple moderate- or low-quality observational studies
Evidence obtained from multiple moderate- or low-quality
relevant observational studies

Opinion or consensus of large group of clinicians and/or
scientists

Adapted and Modified from: Manchikanti L, Falco FJE,Benyamin RM, Kaye AD, Boswell MV,
Hirsch JA.A modified approach to grading of evidence. Pain Physician 2014;17:E319-25.0'2¢1,
ASIPP: American Society of Interventional Pain Physicians

S198

Level |

Level Il

Level lll

Level IV

Level V

grouped into successful (responsive) or nonresponsive
categories accordingly. We then calculated the number
of patients with disc herniation, discogenic pain, spinal
stenosis, or postsurgery syndrome who were nonresponsive
to local anesthetic alone or local anesthetic with steroid.
We observed no significant differences in the patients
who did not respond to ecither injection for any of the
spinal conditions. This suggests that none of the spinal
conditions influenced the response to either type of
injection.

Table 4 shows the results were superior in the responsive
groups in all four diagnostic categories. A limitation of
these trials was that none of them included placebo
controls. The authors discussed potential pathophysiologic
mechanisms for the efficacy of local anesthetic with
steroids. Long-term improvement seen with both
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types of injections and may be attributed to previously
described mechanisms of action.!
,139,140,148,155,158,167,168,181,185,190,191] In addition, tlle efficacy Of
sodium chloride solution injected into joint spaces or
the epidural space has also been described.[%16:17:602001 A]|
the studies demonstrated the efficacy of local anesthetic
with steroids; although the disc herniation group showed
higher quality with pain relief improvement at 6 and
12 months. One of the major advantages of these trials
was that only patients with chronic pain were enrolled
and patient homogeneity was observed by recruiting those
with similar diagnoses/conditions instead of lumping all
diagnostic groups together and/or including those with
acute and subacute pain.

The study by Sayegh et all is also a
moderate  (IPM-ORB) to high-quality (Cochrane)
randomized controlled trial on the efficacy of local
anesthetic alone versus local anesthetic with steroids.
This trial showed significant improvement for both local
anesthetic, and local anesthetic plus steroids; however,
steroids were shown to be superior, in that they provided
faster, higher quality, and longer-lasting relief compared
with local anesthetic alone. This study included patients
with acute and subacute sciatica.

182

Iversen et al.,/” in ultrasound-guided caudal epidural
injections utilizing either epidural saline or epidural
saline plus steroids, showed no significant improvement
in either group. The trial was criticized for flaws in its
design and conduct. MO 1L18020651 The quthors did not
utilize a local anesthetic, recruited a large proportion of
patients with acute pain, and many of the patients had
improved before randomization.

In conclusion, there was Level I evidence supported by
multiple, relevant high-quality randomized controlled
trials!18195%1%0 and one moderate to high-quality trial!'*
reporting the efficacy of local anesthetics with steroids in
managing chronic low back and lower extremity pain with
a caudal approach.

There was also Level 1 evidence, based on multiple,
relevant high-quality randomized controlled trials, 15111401
showing equal effectiveness for local anesthetic alone or
local anesthetic with steroids, with one high-quality trial
showing that local anesthetic alone or local anesthetic
with steroids are equally effectivel™! and one moderate
to high-quality trial™ reporting the superiority of local
anesthetic with steroids.

Lumbar transforaminal epidural injections

There were eight randomized controlled trials assessing
the efficacy of multiple solutions used in lumbar
transforaminal administration.?°>87-1205916LI78 1921 Al of
these trials were rated as high-quality, scoring 8-11 out of
12 based on Cochrane review criteria. Utilizing IPM-ORB
criteria, however, one trial by Nam and Park™! was shown

S204

to be of moderate-quality with a score of 26 out of 48. The
characteristics of these studies were considerably different
with varying protocols, multiple injections of solutions,
and follow-up periods ranging from 1 month to 2 years.

Cohen et al ¥ in a 3-month follow-up study, reported
that local anesthetic alone and local anesthetic with
steroids injections were equally effective, even though
they concluded that local anesthetic with steroids may
be superior. The study included patients with acute and
subacute disc herniations and was rather small, with
just 30 patients in the local anesthetic alone group and
28 patients in the local anesthetic with steroids group.
This was a high-quality trial based on both Cochrane
review criteria (8/12) and IPM-ORB criteria (43/48).

Ghahreman et al.,’? utilizing multiple groups, assessed
the efficacy of bupivacaine alone in 27 patients and in
28 patients who also received steroids. However, the
follow-up period was just one month. This trial showed
transforaminal epidurals of local anesthetic with steroids
to be superior to local anesthetic alone, with a 54%
versus 7% improvement. This trial also showed a lack of
etfectiveness for sodium chloride solution when it was
utilized as a true placebo injected away from the nerve
root, and a significant effect when sodium chloride
solution was injected transforaminally, even though this
was still much inferior to local anesthetic with steroids.

This was a high-quality trial based on Cochrane review
criteria (11/12) as well as IPM-ORB criteria (37/48).

In a large trial, Karppinen et al.¥! studied the efficacy
of a single transforaminal injection of sodium chloride
solution or methylprednisolone with bupivacaine in
patients followed-up at one year. This trial showed rather
surprising effects in favor of sodium chloride solution
at 3 and 6 months, with no significant difference noted
at one year. This was a high-quality trial based on
Cochrane review criteria (12/12) as well as IPM-ORB
criteria (34/48). In a subgroup analysis, the authors
reported the efficacy of transforaminal steroids with
local anesthetic compared with sodium chloride solution
in disc protrusions.®”*¥ These manuscripts also faced
significant criticism. 1146170

Nam and Park™ conducted a small study assessing the
role of transforaminal epidural injections in lumbar spinal
stenosis in 36 patients, with 19 receiving lidocaine and
17 receiving lidocaine with steroids with a short-term
follow-up of 3 months. This study showed positive results
for local anesthetic with steroids and local anesthetic
alone but a superiority for local anesthetic with steroids.
This was a high-quality trial based on Cochrane review
criteria (8/12) and moderate quality based on [PM-OQRB
criteria (26/48).

Manchikanti et al.,'” in an active-controlled trial with
a large number of patients and long-term follow-up,
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showed the efficacy of the local anesthetic lidocaine,
as well as lidocaine with steroids. There was significant
improvement at the end of 2 years in all parameters in
65% of patients who received local anesthetic alone
and 57% of patients who received local anesthetic with
steroid. Furthermore, when patients were separated
into nonresponsive and responsive categories based on
initial relief of at least 3 weeks with two procedures,
significant improvement (at least 50% improvement in
pain and function) was seen in 80% in the responsive
local anesthetic group and 73% in the responsive local
anesthetic with steroid group. These patients with
disc herniation had improvement in all parameters:
Pain intensity, function, and medication reduction.
This was a high-quality trial based on Cochrane review
criteria (10/12) as well as IPM-QORB criteria (44/48).

Riew et al.,' in a study of patients with disc herniation,
treated 27 patients with transforaminal epidural injections
of bupivacaine alone and 28 patients with bupivacaine
with steroids. They reported that 33% of the patients in
the local anesthetic group and 71% in the local anesthetic
with steroid group avoided surgery. Overall this trial
showed both local anesthetic alone and local anesthetic
with steroid were effective; however, local anesthetic
with steroid was superior. This was a high-quality trial
based on Cochrane review criteria (8/12) and IPM-ORB
criteria (32/48).

Ng et al.' in a trial of 86 patients, with 43 receiving
bupivacaine and 43 receiving bupivacaine with steroids,
reported efficacy for both treatments at 3 months in
47.5% of the patients in the bupivacaine group and 41.5%
in the bupivacaine with steroids group. Consequently, this
trial showed equal effectiveness for both, even though it
was less than 50% in both groups. This was a high-quality
trial based on Cochrane review criteria (11/12) as well as

IPM-ORB criteria (37/48).

Tafazal et al?  reported the effectiveness  of
transforaminal local anesthetic with or without steroids
in disc herniation and spinal stenosis. They reported
superior results for sciatica with similar efficacy for local
anesthetic alone or with steroids. This was a high-quality
trial based on Cochrane review criteria (10/12) as well as

IPM-ORB criteria (32/48).

There was Level I evidence, based on multiple, relevant
high-quality randomized controlled trials,#712016112]
that local anesthetic with steroids provides significant
improvement in transforaminal epidural injections, and
that local anesthetic alone and local anesthetic with
steroids are equally effective.

There was Level II evidence, based on one high-quality
trial, that local anesthetics with steroids are superior
to local anesthetic alone in avoiding surgery (33% vs
71%),17%  with another high-quality trial"”?  showing

avoidance of surgery in a similar proportion of patients
in both the local anesthetic only and local anesthetic
with steroids groups, with 82% of the patients able to
avoid surgery. There was also Level III evidence that local
anesthetic with steroids was superior to local anesthetic
alone based on one high-quality randomized trial® with
short-term follow-up and one moderate- to high-quality
randomized trial.® There was Level 1V evidence that
transforaminal injections of sodium chloride solution
were equally effective as transforaminal injections of
steroids based on one high-quality randomized trial®®’!
with  contradictory results from one high-quality
randomized trial.?!

Lumbar interlaminar epidural injections

There were six randomized controlled trials assessing the
efficacy of multiple solutions used in lumbar interlaminar
epidurals. 162746 Three of these trials were rated
as high quality based on Cochrane review criteria and
IPM-ORB criteria. "0 One  trial was high quality
based on Cochrane review criteria. Two trials were rated as
moderate-quality based on Cochrane review criteria; ¥
however, utilizing IPM-ORB criteria, Cuckler et al.”) and
Carette et al.' were considered moderate-quality and
Fukusaki et al.! was considered low-quality.

Three of these studies were conducted by Manchikanti
et al MO with  the same active control design
protocol. The studies included a total of 360 patients
to assess the efficacy of local anesthetic alone or local
anesthetic with steroids in lumbar disc herniation,
lumbar discogenic pain without facet joint or sacroiliac
joint pain, and lumbar central spinal stenosis. The study
period for each was 2 years. These studies were rated as
high quality based on Cochrane review criteria, with all
of them scoring 10 out of 12. The IPM-ORB for all of
them was cither 43 or 44 of 48. Similar efficacious results
for epidural injections of local anesthetic alone or local
anesthetic with steroids were seen in 60-84% of the
patients in these studies.

In these manuscripts, the study subcategories were
identified as responsive and nonresponsive groups. The
responsive groups consisted of patients who received
at least 3 weeks of significant improvement (50%
improvement) in pain and function with the first two
procedures. The number of patients in the nonresponsive
category who received interlaminar epidural injections of
local anesthetic only included 10 who had disc herniation,
five who had discogenic pain, and nine patients who had
central stenosis. In the corresponding nonresponsive
local anesthetic with steroids category, the number of
patients were: One who had disc herniation, six who
had discogenic pain, and seven who had central stenosis.
Thus, there was a high proportion of patients in the disc
herniation group who were nonresponsive to lumbar
interlaminar injections of local anesthetic, while there
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were no differences noted in the central stenosis or the
discogenic pain groups compared with the corresponding
responsive patients. In addition, in disc herniation,
lumbar interlaminar epidural injections have somewhat
superior results for pain relief at 6 months, and functional
status at 12 months as observed in the local anesthetic
with steroid group.!'"™!! Thus, the results indicate that
a patient who failed to respond to local anesthetic
alone may be treated with the addition of steroids. The
results were superior in the successful groups in all four
categories. The disadvantage of all four trials has been
that there was no inclusion of a placebo group.

Among the other trials, Fukusaki et al¥' studied
a small number of patients (53) divided into three
groups. The patients were blindly injected with epidural
(16), bupivacaine (18), or bupivacaine and
methylprednisolone (19). There was a lack of effectiveness
for any of the solutions at 3 months. Cuckler et al.?’!
studied disc herniation and spinal stenosis in 73 patients:
36 with an acute herniated nucleus pulposus and 37 with
spinal stenosis. Two injections and a l-year follow-up
showed the superiority of local anesthetic with steroids,
however, only 17% in the local anesthetic only group and
31% in the local anesthetic with steroids group responded.
This study showed a lack of effectiveness for either local
anesthetic alone or local anesthetic with steroids based
on the setting of this trial; however, it also showed low
level evidence that local anesthetic with steroids may be
superior.

saline

Carette et al.,' in a widely publicized trial, showed a lack
of cffectiveness at 3 month follow-up for ecither normal
saline or depomethylprednisolone with normal saline
injected epidurally in the lumbar spine. This trial showed
initial improvement with steroids; however, subsequent
analysis showed no significant improvement. There was
significant criticism of this manuscript based on the
methodology used and the conclusions reached.>*1#7:164176]

Based on multiple high-quality randomized trials!'*!1¢141]

showing efficacy, with one high-quality randomized trial
showing a lack of efficacy for steroids without local
anesthetic,'” and two moderate-quality trials,*! there
was Level 1 evidence for lumbar interlaminar epidural
injections in managing low back and/or lower extremity
pain with or without local anesthetic with similar efficacy.
There was no evidence for the superiority of steroids over
local anesthetic with an interlaminar epidural approach,
except with local anesthetic with steroids in disc
herniation.!"*!!

Cervical interlaminar epidural injections

Among the trials meeting inclusion criteria, there were
four high-quality trials!?"1225215] agsessing the efficacy
of cervical interlaminar epidural injections with multiple
solutions.

S222

All  studies were  conducted by  Manchikanti
et al 120122821831 a5 active control trials, assessing the
efficacy of cervical interlaminar epidural injections,
either with local anesthetic alone or local anesthetic with
steroids, in cervical disc herniation, cervical discogenic
pain without facet joint pain, cervical central spinal
stenosis, and cervical postsurgery syndrome. Three
hundred and fifty-six patients participated. There was
a minimum l-year follow-up for two of the trials and a
2-year follow-up for two of the trials. These studies were
rated as high-quality, based on Cochrane review criteria
of scores ranging from 10 to 11 of 12 and IPM-ORB
criteria, with all of them scoring 42-44 of 48. All four
trials showed similar results for the efficacy of epidural
injections with local anesthetic alone or with steroids
in 64-90% of the patients. In these manuscripts, the
study categories were identified as nonresponsive and
responsive  groups. The responsive group consisted
of patients who had at least 3 wecks of significant
improvement (50% improvement) in pain and function
with the first two procedures. For cervical interlaminar
epidural injections in the nonresponsive category with
local anesthetic alone, there were seven patients with
disc herniation, five patients with discogenic pain, five
patients with postsurgery syndrome, and one patient
with central stenosis. In the corresponding nonresponsive
category of local anesthetic with steroids there were 10,
4, 3, and 4 patients with these pathologies. Thus, there
was no significant difference for various conditions in
reference to nonresponsive or responsive patient groups.
As shown in Table 4, when separate analyses of responsive
patients and all patients are conducted, the results were
superior in the responsive groups in all four categories.
The disadvantage of all four trials was that there was no
inclusion of a placebo group.

Based on multiple, high-quality relevant randomized
trials 1212252131 the  Level 1 evidence is equal for
the efficacy of cervical epidural injections with local
anesthetic alone or local anesthetic with steroids in
managing neck and/or upper extremity pain.

Thoracic interlaminar epidural injections
There was only one trial assessing thoracic interlaminar
epidural injections. It was conducted by Manchikanti

et al.,"” and of high quality based on Cochrane review
criteria and IPM-ORB criteria.

Manchikanti et al,M7 in a trial with a total of
110 patients, assessed the efficacy of thoracic interlaminar
epidural injections with either local anesthetic or local
anesthetic with steroids. This was an active control trial
with appropriate sample size and a follow-up of 2 years.
This trial showed similar efficacy for epidural injections,
with improvement in 71% of patients who received local
anesthetic alone and in 80% of patients who received
local anesthetic with steroids. In this manuscript, the
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study categories were identified as nonresponsive and
responsive  groups. The responsive group consisted
of at least 3 weceks of significant improvement (50%
improvement) in pain and function with the first two
procedures. In the nonresponsive category with local
anesthetic only, there were four patients, and for local
anesthetic with steroids, there were six patients. This
study includes not only patients with disc herniation but
also those with discogenic pain, central spinal stenosis,
and postsurgery syndrome. This is the only study
available in the literature studying the efficacy of thoracic
interlaminar epidural injections.

There was Level II evidence based on one high-quality
randomized trial""”! with positive results and no negative
studies for the equal effectiveness of local anesthetic
alone or local anesthetic with steroids.

Facet joint interventions

Lumbar, cervical, and thoracic facet joint nerve blocks
and cervical and lumbar intraarticular injections have
been studied with saline, local anesthetic, and steroids.
There were six randomized controlled trials assessing
the efficacy of facet joint interventions with multiple
solutions.[B17B7142 141 ATl of these trials were rated as
high-quality based on Cochrane review criteria and
IPM-ORB criteria. Among these, four trials assessed the
role of facet joint nerve blocks in the cervical, lumbar,
and thoracic regions utilizing either local anesthetic
alone or local anesthetic with steroids.["* 1" Tiyo trials
studied the role of facet joint intraarticular injections,
Carette et al") in the lumbar spine and Barnsley et al.™¥
in the cervical spine. The trial by Carette et al.l'"! faced
significant criticism.l"’!

Facet joint nerve blocks

Among the trials assessing facet joint nerve blocks, three
of them included a 2-year follow-up, active control design,
and appropriate outcome parameters.!'*#!*™ The fourth one
had a 1-year follow-up and was of lesser quality than the
other three performed by the same group of authors.!"*”!
All four studies were conducted by Manchikanti et al.
W71 Three of them had identical protocols!*#!#!
assessing 330 patients in the cervical, lumbar, and thoracic
regions. All three randomized active control trials showed
similar results, with improvement sustained after 2 years in
70-92% of the patients. At l-year follow-up, improvement
was seen in 80-92% of the patients. All the studies showed
similar results with significant improvement with either
local anesthetic alone or local anesthetic with steroids.
Thus, there was no significant difference for various
regions in reference to the outcomes. The performance of
all three studies by one group of authors finding positive
results in cach study may be considered an advantage or
a deficiency. All the trials utilized appropriate outcome
parameters and inclusion criteria and followed strict
controlled diagnostic blocks with 80% concordant pain

relief. The fourth study was performed by the same group
of authors;!"™! however, the quality parameters were much
lower and the improvement was also inferior to the other
randomized trials.

Based on the results of this assessment, these four trials,
considered to be high-quality based on Cochrane review
criteria and IPM-ORB criteria,["”"1* reported efficacy
for facet joint nerve blocks in managing cervical, lumbar,
or thoracic facet joint pain. All four trials showed equal
effectiveness for local anesthetic with or without steroids,
resulting in Level I evidence.

Facet joint injections

There was one randomized controlled trial by Carette
et al" assessing intraarticular injections either with
isotonic  saline or methylprednisolone acetate. Pain
improvement was scen in both groups up to 6 months;
however, after 6 months, both intraarticular sodium
chloride solution and intraarticular methylprednisolone
injections were judged to be equally ineffective.
The authors concluded that intraarticular sodium
chloride injection and methylprednisolone were equally
effective after eliminating the confounding variables.
Barnsley et al.¥ assessed the role of either local anesthetic
intraarticular injection or betamethasone intraarticular
Injection in cervical facet joint pain and showed a lack of
effectiveness for both injections.

Thus, there was Level | evidence for the lack of
effectiveness for intraarticular injections based on two
high-quality randomized controlled trials.®') There
was also Level Il evidence based on one high-quality
randomized trial that intraarticular steroids or sodium
chloride solutions are equally ineffective and local
anesthetic or steroids are equally ineffective.®!

Efficacy of epidural injections in specific spinal
conditions

Disc herniation

Disc herniation has been treated with caudal, lumbar
interlaminar, lumbar transforaminal, thoracic interlaminar,
and cervical interlaminar epidural injections. There was
no identifiable evidence from randomized controlled
trials for either cervical transforaminal epidural injections
or thoracic transforaminal epidural injections in treating
disc herniation.

There were 15 trials assessing the role of epidural injections
in disc herniation, [1627.295279,87,117,120,122,139,141,161,178,12,192]
?
3 caudal epidural injection trials,
transforaminal epidural injection trials,?”
3 lumbar interlaminar epidural trials,'%*™* 1 cervical
interlaminar epidural trial,'*?! and 1 thoracic interlaminar
P »
epidural trial."”!

791391821 7 Jumbar

52,87,120,161,178,192]

Of the three caudal epidural injection trials, one trial!"*’
was of high-quality based on Cochrane review criteria
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and IPM-ORB criteria; a second trial was high-quality!"*?
based on Cochrane review criteria and moderate
based on IPM-ORB criteria; and a third trial was of
moderate-quality.™

All seven randomized controlled trials!?7-°257.120.161,178,192]

on the efficacy of transforaminal epidural injections of
various drugs in disc herniation were rated as high-quality,
scoring above 8 out of 12 on Cochrane review criteria.

Of the three lumbar interlaminar epidural trials, /624

one trial™! was rated as high-quality on Cochrane
review criteria and IPM-ORB criteria; one trial™® was
rated as high-quality on Cochrane review criteria and
moderate-quality on IPM-ORB; and one trial® was
rated as moderate-quality based on Cochrane review
criteria and IPM-QRB criteria. One trial evaluated
cervical interlaminar epidural injections!'”?! and one trial
evaluated thoracic interlaminar epidural injections, !
both of which were high-quality on Cochrane review
criteria, as well as [IPM-ORB criteria.

There was Level I evidence, based on multiple, relevant
high-quality randomized trials,?/117 1223941162 for - the
efficacy of local anesthetic with steroids and equal efficacy
for local anesthetic with or without steroids in managing
disc herniation. Two trials of caudal epidural injections,
one high-quality!” and one moderate- to high-quality,!'®
and one high-quality trial of lumbar interlaminar
epidurals of local anesthetic with steroids compared to
local anesthetic alone,"!! showed superiority for local
anesthetic with steroids with Level II evidence. There
was also Level III evidence, based on one high-quality
trial, that local anesthetic with steroids is superior to
local anesthetic alone in avoiding surgery."® Another
high-quality trial" reported avoidance of surgery in a
similar proportion of patients in both groups, with 82%
of the patients avoiding surgery.

In addition to the above, the level of evidence for cach
vertebral region was variable. There was Level I evidence
for caudal, lumbar interlaminar, and lumbar transforaminal
injections in managing lumbar disc herniation, with
multiple high quality randomized controlled trials.
There was also superiority for steroids in managing disc
herniation in the lumbosacral region compared with local
anesthetic alone in assessments up to one year with caudal
and interlaminar epidural injections.

However, there was Level Il evidence for managing
cervical disc herniation and thoracic disc herniation
based on at least one high-quality randomized controlled
trial in each category.

Spinal stenosis

Caudal, lumbar interlaminar, lumbar transforaminal,
thoracic interlaminar, and cervical interlaminar epidural
injections have been utilized In treating pain from
central spinal stenosis. There are no randomized
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controlled trials assessing the role of cervical or thoracic
transforaminal epidural injections in managing pain
of central spinal stenosis. There were seven trials
assessing the role of epidural injections in central spinal
stenosis, AR IHIS B30 ope  caudal epidural  trial, !
two lumbar transforaminal trials,[">1%?1 three lumbar
interlaminar trials,?*1" and one cervical interlaminar
epidural trial.[*?)

The caudal epidural injection trial was high quality."® Of
the two lumbar transforaminal epidural trials, one was high
quality based on Cochrane and IPM-QRB criteria™® and
the second one!™ was high quality based on Cochrane
review criteria and moderate quality based on IPM-ORB
criteria. Among the lumbar interlaminar epidural trials,
one was high quality* and the other two were moderate
quality®* based on Cochrane review criteria, with one
being moderate quality” and one being low-quality™! on
IPM-ORB criteria. Among cervical interlaminar epidurals,
there was only one study which was of high quality.!"’
Thus, of the seven trials assessing the role of epidural
injections In central spinal stenosis, five were high
quality!"18I3 591920 and two were moderate quality®¥)
based on Cochrane review criteria and four were high
quality, B HI85] tywo were moderate quality, 1%
was low quality®! based on TPM-QRB criteria.

I'and one

There was Level I evidence, based on relevant high-quality
trials, HISI321 showing positive results, for the equal
effectiveness of local anesthetic alone or local anesthetic
with steroids. There was Level IV evidence from one
moderate-quality trial for the superiority of steroids,!
and negative evidence from one moderate-quality
randomized controlled trial?! and one low-quality
randomized controlled trial* with short-term follow-up.

There was Level 1I evidence in managing lumbar central
spinal stenosis based on caudal and lumbar interlaminar
trials, whereas there was also Level I evidence in managing
cervical central spinal stenosis based on one randomized
controlled trial, whereas there was no evidence available
In managing thoracic spinal stenosis.

Discogenic pain

Discogenic pain has been treated with caudal, lumbar
interlaminar,  thoracic  interlaminar, and
interlaminar epidural injections. There are no studies
assessing the role of transforaminal epidural injections for
discogenic pain.

cervical

There were three trials assessing the role of epidural
injections in discogenic pain without disc herniation,
radiculitis, or facet joint pain;!"®!"%2! one caudal epidural
injection trial;"” one trial of lumbar interlaminar epidural
injections; ' and one trial of cervical interlaminar
epidural injections."!! All the trials were of high-quality
and showed positive results with equal effectiveness for
local anesthetic alone or local anesthetic with steroids.
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There was Level I evidence, based on multiple high-quality
relevant randomized controlled trials Mo1%1211 for the
equal efficacy of local anesthetic or local anesthetic with
steroids in managing discogenic pain.

There was Level 11 evidence based on two randomized
controlled trials in managing discogenic pain with caudal
and lumbar interlaminar epidural injections, with Level
I evidence in managing cervical and thoracic discogenic
pain, with one high-quality randomized controlled trial in
each category.

Postsurgery syndrome

Postsurgery syndrome has been treated with caudal,
lumbar transforaminal, thoracic interlaminar, and
cervical interlaminar epidural injections. There were
no studies assessing the role of lumbar interlaminar or
transforaminal epidural injections.

There was only one randomized caudal epidural injection
trial* and one cervical interlaminar epidural injection
trial® assessing the role of epidural injections in
postsurgery syndrome.

There was Level Il evidence, based on the two high-quality,
relevant randomized controlled trials,!®™* for the equal
efficacy of caudal and cervical interlaminar epidural
Injections in managing postsurgery syndrome with local
anesthetic alone or local anesthetic with steroids.

There was Level II evidence in managing lumbar
postsurgery syndrome with caudal epidural injections and
cervical postsurgery syndrome with cervical interlaminar
epidural injections, with no evidence available for
thoracic postsurgery syndrome.

DISCUSSION

In this assessment of the efficacy of various solutions
injected into the spinal epidural space and over the
facet joint nerves, there was Level I evidence that local
anesthetics with steroids and local anesthetics or steroids
administered in combination or separately were equally
effective based on multiple, relevant, high-quality
randomized controlled trials of spinal pain from
various origins. Ilowever, for intraarticular injection,
the evidence of lack of effectiveness was Level I for
injections of sodium chloride solution, local anesthetic,
or local anesthetic with steroids. There was also Level
Il evidence for the superiority of local anesthetic with
steroids compared with steroids alone in managing disc
herniation and Level IV evidence in spinal stenosis.

In recent vyears, there has been much debate in
reference  to interventional techniques in general,
and epidural injections of steroids in particular, with
catastrophic complications related to transforaminal
epidural steroid injections, specifically in the cervical
and  thoracic  spine.[271323:425556.69.75.76.81,86,9091,

125,134-136,154,156,183,184,187,194] II] fﬂCt, rcccntly thC FOOd and

Drug Administration (FDA) issued a warning about
the risk of serious, though rare, complications, and the
lack of effectiveness of epidurally administered steroid
injections."” However, this advice was issued based
on cervical transforaminal epidural particulate steroid
injections that resulted in catastrophic complications;
only 3% of total epidural injections even involve cervical
and thoracic transforaminal epidural injections. 25130135
This assessment clearly shows the efficacy of epidural
injections of local anesthetic with or without steroids
administered caudally, with interlaminar approaches,
and with a lumbar transforaminal approach. Facet joint
nerve blocks have also been shown to be efficacious.
Further, this assessment also determined there was Level
Il evidence for the superiority of local anesthetic with
steroids over local anesthetic alone in managing disc
herniation and radiculitis.

The findings of this systematic review, showing the
equal effectiveness of local anesthetics alone and
local anesthetics with steroid administered into the
epidural space, facet joints, or over facet joint nerves,
Is in contrast to a long-held philosophy and belief in
the medical community concerning the effectiveness
of steroids in treating spinal pain based on the theory
of spinal pain having an inflammatory component.
The results of this study are valid as only high-quality,
randomized controlled trials were utilized. Further, the
grading of the evidence was based on a best-evidence
synthesis utilizing a strict approach for methodological
quality assessment. The long-term follow-up of one
year or longer was utilized in arriving at the conclusions
rather than short-term follow-up of 1, 3, 6, or even
12 weeks, etc., In fact, the results are similar to the
Bicket et al™ study results, which included not
only epidural injections, but also nonspinal epidural
injections. Even though the Bicket et al.' review had
some deficiencies,?**%1%71 they concluded that epidural
nonsteroid injections may provide greater benefit for
spinal pain than nonepidural injections based on the
significant but small difference found between the
two treatments when examining the positive response
outcome. These differences were greater compared
with the differences between epidural steroid injections
and epidural nonsteroid injections, suggesting that, at
least in the short-term, most of the benefit of epidural
injections may derive from the solution itself, rather
than the steroid.'” Epidural nonsteroid injections
also showed an insignificant trend in Bicket et al.’s!'?
evaluation toward greater relief when examining pain
score reductions with indirect comparisons. In contrast,
in our assessment we utilized long-term assessments
with stringent methodological quality criteria; however,
we were unable to perform a meta-analysis, which may
have not been very accurate by Bicket et al.[26:3%127]
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The findings of this systematic review may be
explained by wvarious mechanisms of steroids and
local anesthetics, including the suppression of ectopic
discharges from inflamed nerves, enhancing blood flow
to ischemic nerve roots, the lysing of iatrogenic and
inflammatory adhesions, a washout of proinflammatory
cytokines, and reversal of peripheral and central
sensitization, [1030:47.58,60.68.77.80.95.96179.190.198200] Bicket ef a2
hypothesized a placebo effect with epidural injections,
especially  those administered via the transforaminal
approach, often with reproduction of radicular symptoms,
which is not observed with soft tissue injections, resulting
in high levels of placebo effect and undermining the
effectiveness  of blinding.P#71 However, Karppinen
et al.¥%%] utilized this approach and showed equal results.
In contrast, Ghahreman et alP*? essentially showed
a better response for an intramuscular injection than a
transforaminal sodium chloride solution. The resultant
numbness and weakness also may influence blinding
as well as the patient’s response. However, widespread
complex mechanisms and variations in placebo and
nocebo response have been well described. 0707174548510
And  thus far, appropriately  designed
studies  (injecting Inactive solutions into

structures) have not resulted in a significant placebo
effect.0-2

placebo

nactive

Noteworthy as well is that investigators may be missing
the role of the nocebo effect. The implications of
these results may be significant in not only designing
clinical trials, but also in managing patients. Further,
it is essential to understand the differences between
chronic and subacute pain. Many of the studies included
subacute or acute patients, leading to erroncous
conclusions. In this evaluation, we also included some
trials that included subacute patients; however, they were
followed long-term. 2771521

Based on this evaluation as well as the Bicket
et al."” evaluation, it appears that local anesthetic alone
epidural injections or facet joint nerve blocks may be a
viable option. Using local anesthetic alone may reduce
the risk of rare, but potentially fatal, complications such
as meningitis!?S$ 251 and rare, but real, catastrophic
consequences, such as paralysis and death, reported
from cervical and thoracic transforaminal epidural
injections. Further, patients who have undergone
previous surgery may also be considered as high risk.
The literature shows a lack of superiority for local
anesthetic with epidural steroids over local anesthetic
alone, even though lumbar interlaminar epidural
injections and any type of transforaminal epidural
injection have not been studied with appropriate
evidence in postsurgery syndrome. In addition, the
dose of steroids may be significantly reduced from the
traditional doses of 120 mg or higher. In fact, multiple
policies have been mandating the use of lower doses of
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steroids.?21°0192 There is also support in the literature

for a lack of difference in efficacy between high- and
low-dose epidural steroid injections and reduction of
adverse events with low-dose steroids.!
High-risk patients may include not only postsurgery
patients, but also the techniques involving
transforaminal approaches and patients with diabetes
with a risk of hyperglycemia,"'”!"! plus those at a
high risk of osteopenia and osteoporosis, #2922 those
at risk for avascular necrosis,”™ those with a risk for
adverse effects with suppression of the hypothalamic—
pituitary—adrenocortical axis scheduled for major
surgery,””! and those with poor wound healing and
Immunosuppression.

However, these results should be interpreted in the context
of their multiple limitations. Based on the results, an
abundant amount of steroids is not advised. As explained,
there was no meta-analysis performed. The majority of the
high-quality, randomized trials included in this analysis
were from one group of investigators. Consequently,
further trials are essential. At present, this evidence
suggests physicians carefully select patients and take the
opportunity to discuss with them shared decision-making
concerning the equal efficacy of local anesthetic with or
without steroids in multiple conditions. Steroids with
local anesthetic appear to have some superiority, even
though it is derived from a low level of evidence, over
local anesthetics alone in managing disc herniation.

CONCLUSION

This systematic review shows a lack of effectiveness
for saline and equal cffectiveness for local anesthetic
alone and local anesthetic with steroids in multiple,
high-quality randomized controlled trials for epidural
injections for managing spinal pain in various regions
for various pathologies and facet joint nerve blocks
in managing facet joint pain. The results also showed
the superiority of epidural steroid injections with
local anesthetic over local anesthetics alone for disc
herniation.
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Appendix 1: Randomized controlled trials quality rating system

Was the method of randomization A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss Yes/no/
adequate? (for studies with two groups), rolling a dice (for studies with two or more groups), drawing unsure
of balls of different colors, drawing of ballots with the study group labels from a dark bag,
computer-generated random sequence, preordered sealed envelopes, sequentially ordered vials,
telephone call to a central office, and preordered list of treatment assignments. Examples of
inadequate methods are alternation, birth date, social insurance/security number, date in which
they are invited to participate in the study, and hospital registration number
Was the treatment allocation Assignment generated by an independent person not responsible for determining the eligibility Yes/no/
concealed? of the patients. This person has no information about the persons included in the trial and has no unsure
influence on the assignment sequence or on the decision about eligibility of the patient
Was knowledge of the allocated
interventions adequately
prevented during the study?
Was the patient blinded to the This item should be scored “yes” if the index and control groups are indistinguishable for the Yes/no/
intervention? patients or if the success of blinding was tested among the patients and it was successful unsure
Was the care provider blinded to  This item should be scored “yes” if the index and control groups are indistinguishable for the care Yes/no/
the intervention? providers or if the success of blinding was tested among the care providers and it was successful unsure
Was the outcome assessor Adequacy of blinding should be assessed for the primary outcomes. This item should be scored Yes/no/
blinded to the intervention? “yes” if the success of blinding was tested among the outcome assessors and it was successful or  unsure
For patient-reported outcomes in which the patient is the outcome assessor (e.g., pain, disability):
The blinding procedure is adequate for outcome assessors if participant blinding is scored “yes”
For outcome criteria assessed during scheduled visit and that supposes a contact between
participants and outcome assessors (e.g., clinical examination): The blinding procedure is
adequate if patients are blinded, and the treatment or adverse effects of the treatment cannot be
noticed during clinical examination
For outcome criteria that do not suppose a contact with participants (e.g., radiography, magnetic
resonance imaging): The blinding procedure is adequate if the treatment or adverse effects of the
treatment cannot be noticed when assessing the main outcome
For outcome criteria that are clinical or therapeutic events that will be determined by the
interaction between patients and care providers (e.g., co-interventions, hospitalization length,
treatment failure), in which the care provider is the outcome assessor: The blinding procedure is
adequate for outcome assessors if item “4” (caregivers) is scored “yes”
For outcome criteria that are assessed from data of the medical forms: The blinding procedure is
adequate if the treatment or adverse effects of the treatment cannot be noticed on the extracted data
Were incomplete outcome data
adequately addressed?
Was the drop-out rate described ~ The number of participants who were included in the study but did not complete the observation Yes/no/
and acceptable? period or were not included in the analysis must be described and reasons given. If the percentage  unsure
of withdrawals and drop-outs does not exceed 20% for short-term follow-up and 30% for long-term
follow-up and does not lead to substantial bias a “yes” is scored
Were all randomized participants  All randomized patients are reported/analyzed in the group they were allocated to by randomization ~ Yes/no/
analyzed in the group to which for the most important moments of effect measurement (minus missing values) irrespective of unsure
they were allocated? noncompliance and co-interventions
Are reports of the study free of In order to receive a “yes,” the review author determines if all the results from all prespecified Yes/no/
suggestion of selective outcome  outcomes have been adequately reported in the published report of the trial. This information unsure
reporting? is either obtained by comparing the protocol and the report, or in the absence of the protocol,
assessing that the published report includes enough information to make this judgment
Other sources of potential bias
Were the groups similar at In order to receive a “yes,” groups have to be similar at baseline regarding demographic factors, Yes/no/
baseline regarding the most duration and severity of complaints, percentage of patients with neurological symptoms, and value  unsure
important prognostic indicators?  of main outcome measure (s)
Were co-interventions avoided This item should be scored “yes” if there were no co-interventions or they were similar between the  Yes/no/
or similar? index and control groups unsure
Was the compliance acceptable  The reviewer determines if the compliance with the interventions is acceptable, based on the Yes/no/
in all groups? reported intensity, duration, number, and frequency of sessions for both the index intervention and unsure
control intervention (s). For example, physiotherapy treatment is usually administered over several
sessions; therefore, it is necessary to assess how many sessions each patient attended. For
single-session interventions (e.g., surgery), this item is irrelevant
Contd...
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Was the timing of the outcome Timing of outcome assessment should be identical for all intervention groups and for all important Yes/no/
assessment similar in all groups?  outcome assessments unsure

Adapted from: Furlan AD, Pennick V, Bombardier C, van Tulder M; Editorial Board, Cochrane Back Review Group. 2009 updated method guidelines for systematic reviews in the
Cochrane Back Review Group. Spine (Phila Pa 1976) 2009;34:1929-4 €]

Appendix 2: Item checklist for assessment of randomized controlled trials of IPM techniques utilizing IPM-QRB

Scoring
Trial design guidance and reporting
CONSORT or SPIRIT
Trial designed and reported without any guidance 0
Trial designed and reported utilizing minimum criteria other than CONSORT or SPIRIT criteria or trial was conducted prior to 2005
Trial implies it was based on CONSORT or SPIRIT without clear description with moderately significant criteria for randomized 2
trials or the trial was conducted before 2005
Explicit use of CONSORT or SPIRIT with identification of criteria or trial conducted with high level reporting and criteria or 3
conducted before 2005
Design factors
Type and design of trial
Poorly designed control group (quasi selection, convenient sampling) 0
Proper active-control or sham procedure with injection of active agent 2
Proper placebo control (no active solutions into active structures) 3
Setting/physician
General setting with no specialty affiliation and general physician 0
Specialty of anesthesia/PMR/neurology/radiology/ortho, etc. 1
Interventional pain management with interventional pain management physician 2
Imaging
Blind procedures 0
Ultrasound 1
CT 2
Fluoro 3
Sample size
Less than 50 participants in the study without appropriate sample size determination 0
Sample size calculation with less than 25 patients in each group 1
Appropriate sample size calculation with at least 25 patients in each group 2
Appropriate sample size calculation with 50 patients in each group 3
Statistical methodology
None or inappropriate 0
Appropriate 1
Patient factors
Inclusiveness of population
For epidural procedures
Poorly identified mixed population 0
Clearly identified mixed population
Disorders specific trials (i.e., well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal 2
stenosis or post surgery syndrome)
For facet or sacroiliac joint interventions
No diagnostic blocks 0
Selection with single diagnostic blocks
Selection with placebo or dual diagnostic blocks 2
Duration of pain
Less than 3 months 0
3-6 months
>6 months 2
Previous treatments
Contd...
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Scoring
Conservative management including drug therapy, exercise therapy, physical therapy, etc.,
Were not utilized 0
Were utilized sporadically in some patients 1
Were utilized in all patients 2
Duration of follow-up with appropriate interventions
Less than 3 months or 12 weeks for epidural or facet joint procedures, etc., and 6 months for intradiscal procedures and 0
implantables
3-6 months for epidural or facet joint procedures, etc., or 1 year for intradiscal procedures or implantables 1
6-17 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and implantables 2
18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and implantables 3
Outcomes
Outcomes assessment criteria for significant improvement
No descriptions of outcomes or <20% change in pain rating or functional status 0
Pain rating with a decrease of 2 or more points or more than 20% reduction or functional status improvement of more than 20% 1
Pain rating with decrease of =2 points 2
and =20% change or functional status improvement of =20%
Pain rating with a decrease of 3 or more points or more than 50% reduction or functional status improvement with a 50% or 40% 2
reduction in disability score
Significant improvement with pain and function =50% or 3 points and 40% reduction in disability scores 4
Analysis of all randomized participants in the groups
Not performed 0
Performed without intent-to-treat analysis without inclusion of all randomized participants 1
All participants included with or without intent-to-treat analysis 2
Description of drop out rate
No description of dropouts, despite reporting of incomplete data or =20% withdrawal 0
Less than 20% withdrawal in one year in any group 1
Less than 30% withdrawal at 2 years in any group 2
Similarity of groups at baseline for important prognostic indicators
Groups dissimilar with significant influence on outcomes with or without appropriate randomization and allocation 0
Groups dissimilar without influence on outcomes despite appropriate randomization and allocation 1
Groups similar with appropriate randomization and allocation 2
Role of Co-interventions
Co-interventions were provided but were not similar in the majority of participants 0
No co-interventions or similar co-interventions were provided in the majority of the participants 1
Randomization
Method of randomization
Quasi randomized or poorly randomized or not described 0
Adequate randomization (coin toss, drawing of balls of different colors, drawing of ballots) 1
High quality randomization (computer generated random sequence, preordered sealed envelopes, sequentially ordered vials, 2
telephone call, preordered list of treatment assignments, etc.)
Allocation concealment
Concealed treatment allocation
Poor concealment of allocation (open enroliment) or inadequate description of concealment 0
Concealment of allocation with borderline or good description of the process with probability of failure of concealment 1
High quality concealment with strict controls (independent assignment without influence on the assignment sequence) 2
Blinding
Patient blinding
Patients not blinded 0
Patients blinded adequately 1
Care provider blinding
Contd...
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Care provider not blinded 0
Care provider blinded adequately 1

Outcome assessor blinding
Outcome assessor not blinded or was able to identify the groups 0
Performed by a blinded independent assessor with inability to identify the assignment-based provider intervention (i.e., subcutaneous 1
injection, intramuscular distant injection, difference in preparation or equipment use, numbness and weakness, etc.)

Conflicts of interest

Funding and sponsorship
Trial included industry employees -3
Industry employees involved; high levels of funding with remunerations by industry or an organization funded with conflicts -3

Industry or organizational funding with reimbursement of expenses with some involvement 0

Industry or organization funding of expenses without involvement 1

Funding by internal resources only with supporting entity unrelated to industry 2

Governmental funding without conflict such as NIH, NHS, AHRQ 3
Conflicts of interest

None disclosed with potential implied conflict 0
Marginally disclosed with potential conflict 1
Well disclosed with minor conflicts 2
Well disclosed with no conflicts 3
Hidden conflicts with poor disclosure -1
Misleading disclosure with conflicts -2
Major impact related to conflicts -3
Total 48

Source: Manchikanti L, Hirsch JA, Cohen SP, Heavner JE, Falco FJE, Diwan S, et al. Assessment of methodologic quality of randomized trials of interventional techniques:
Development of an interventional pain management specific instrument. Pain Physician 2014;17:E263-90.I"*1 NIH: National institutes of health, NHS: National health service,
AHRQ:Agency for healthcare research and quality, PMR: Physical medicine and rehabilitation, CT: Computed tomography, IPM: Interventional pain management techniques,
QRB: Quality appraisal of reliability and risk of bias assessment
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