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Abstract

Purpose Perineural steroids are often used to treat
chronic peripheral neuropathic pain (NP) secondary to
trauma or compression. Nevertheless, when compared with
local anesthetics (LA) or conventional medical
management (CMM), their efficacy and safety in patients
with trauma or compression-related neuropathic pain
syndromes is unclear. The purpose of this systematic
review and meta-analysis was to determine the efficacy and
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safety of perineural steroids in compression or trauma-
related NP after one to three months of injection.

Source We reviewed randomized controlled trials from
MEDLINE®, EMBASE™ Cochrane central register of
controlled trials, Cochrane database of systematic reviews,
and Google Scholar (first 200 hits) up to April 2014 that
compared perineural injections of steroids with LA or
CMM in adult patients with trauma or compression-related
chronic peripheral NP. A meta-analysis was performed on
the data on pain scores measured at one to three months
after the interventions. Quality of evidence was classified
using the GRADE system. Two authors independently
reviewed all identified titles and abstracts for eligibility.
Principal findings Five trials comprising 353 patients
(177 in the steroid group and 176 in the comparator
groups) were included. At one to three months after the
interventions, patients who received perineural steroids
reported lower pain scores than those who received LA or
CMM (mean difference: —1.31 points on a 0-10 numerical
rating scale for pain; 95% confidence interval: —2.50 to
—0.13; quality of evidence: low; F = 89%). None of the
studies reported any significant adverse effects.
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Conclusions Perineural steroids may provide analgesic
efficacy for one to three months in patients with chronic
peripheral NP of traumatic or compressive origin;
however, the strength of this recommendation is weak.
Well-designed large randomized studies are required.

Résumé

Objectif Les infiltrations périnerveuses de stéroides sont
souvent utilisées pour le traitement de la douleur
neuropathique périphérique chronique secondaire a un
traumatisme ou une compression. Néanmoins, quand on les
compare aux anesthésiques locaux (AL) ou a la prise en
charge médicale conventionnelle (PCM), leur efficacité et
sécurité chez les patients souffrant de syndromes
neuropathiques douloureux secondaires a un traumatisme
ou a une compression ne sont pas claires. Les objectifs de
cette étude systématique et méta-analyse étaient de
déterminer [efficacité et [innocuité des infiltrations
périnerveuses de neuropathies
périphériques compression ou
traumatisme, entre un et trois mois apres l’injection.
Source Nous avons analysé les études randomisées et
controlées dans MEDLINE®, EMBASE™., le registre
central Cochrane des essais controlés, la base de
données Cochrane des analyses systématiques et dans
Google Scholar (les 200 premiers impacts) jusqu'en
avril 2014 qui comparaient les infiltrations périnerveuses
de stéroides a I’AL ou a la PCM chez des patients adultes
souffrant de NP périphérique chronique secondaire a un
traumatisme ou une compression. Une méta-analyse a été
réalisée sur les données de scores de douleur mesurés entre
un et trois mois aprés les interventions. La qualité des
preuves a été classée en utilisant le systeme GRADE. Deux
auteurs ont revu de facon indépendante tous les titres et
résumés identifiés pour évaluer leur admissibilité.
Constatations principales Cing essais totalisant
353 patients (177 patients dans le groupe stéroides et
176 dans le groupe comparateur) ont été inclus. Un a
3 mois apreés les interventions, les patients ayant recu une
infiltration périnerveuse de stéroides ont déclaré des scores
de douleur inférieurs a ceux qui avaient recu une AL ou
une PCM (différence moyenne: —1,31 point sur une échelle
numérique [0 a 10] d’évaluation de la douleur, intervalle
de confiance a 95 %: —2,50 a 0,13; qualité de la preuve:
faible; P = 89 %). Aucune de ces études n’a signalé
d’effets indésirables significatifs.

Conclusions Les infiltrations périnerveuses de stéroides
peuvent avoir une efficacité analgésique pendant un a trois
mois chez des patients atteints de NP périphérique
chronique d’origine traumatique ou  compressive;

stéroides dans les

lices a wune a un

toutefois, la force de cette recommandation est faible. De
grandes études randomisées bien congues sont nécessaires.

Neuropathic pain (NP) affects about 7% of the population
and > 20% of patients with chronic pain have neuropathic
characteristics.' Peripheral NP, defined as pain caused by a
lesion or disease affecting the peripheral somatosensory
nervous system,”” is often severely debilitating, and it is
largely resistant to treatment.*> Though multiple treatment
modalities have been proposed for this type of pain, a
significant number of patients have inadequate pain relief
and/or experience adverse effects (e.g., cognitive and
gastrointestinal impairment) from conventional medical
management (CMM). Only one in every three patients who
receive these treatments experiences analgesic benefit.’
Unrelieved NP is also associated with significant anxiety,
depression, and worsening of quality of life.®’

Neuropathic pain has multiple etiologies, but
entrapment/compression in tissue planes and trauma are
important causes® that often result in chronic pain (i.e.,
pain persisting for more than three months) of moderate-to-
severe intensity (i.e., > 3 on a 0-10 numerical rating scale
[NRS] for pain). The fibres of damaged nerves display
enhanced neuronal activity from injured primary afferents,
which leads to the development of NP.” Local anesthetics
(LA) are often injected around nerves to provide
perioperative analgesia,'® but there is a lack of consensus
on the role of perineural administration of steroids in the
management of NP."!

Nerve injury has been shown to activate secretion of
inflammatory mediators and increase ectopic discharge
from the injured nerve,’ thereby contributing to the
development of NP.'*!'? Application of steroids to injured
nerve fibres suppresses both of these mechanisms,'*
alleviates edema, and can provide analgesia. Perineural
injections of steroids have been used to treat pain from
Morton’s neuroma'®> and from post-traumatic and/or
compression neuropathies.'®!” Nevertheless, evaluation of
the available evidence is hampered by different
methodologies and conflicting conclusions in individual
papers. Studies on the efficacy of perineural steroids for NP
have used small population sizes, which inflates the risk of
type II statistical error. Therefore, the primary objective of
this systematic review and meta-analysis was to determine
the efficacy and safety of perineural steroids in compression
or trauma-related NP after one to three months of injection.
Secondary objectives were to assess the impact of this
intervention on pain-associated domains (anxiety,
depression, patient satisfaction) and safety.
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Methods

This systematic review was conducted according to the
current recommendations of the Cochrane Collaboration,'®
and it is reported following the PRISMA guidelines."

Search strategy and study selection

We conducted a search of the literature until April 24, 2014.
The following three databases were searched: EMBASETM,
1947-April 24, 2014; MEDLINE®, 1946-April week 3,
2014; and MEDLINE In-Process & Other Non-Indexed
Citations, April 24, 2014 (all using the OvidSP platform).
For EMBASE and MEDLINE, controlled vocabulary terms
(EMBASE — Emtree; MEDLINE — MeSH) and text word
searching were conducted for each of the following search
segments: peripheral pain + neuropathic pain
(peripheral) + steroids + injections. Each search was
limited to English language and human subjects. We
applied a highly sensitive search strategy to identify
studies.” Details of our search strategy are provided in
the Appendix.

We also searched the Cochrane central register of
controlled trials, Cochrane database of systematic
reviews, Google Scholar (first 200 hits), and proceedings
of the annual meetings of anesthesiology and pain societies
(American Society of Anesthesiologists, European Society
of Anaesthesiology, International Association for the Study
of Pain, American Society of Regional Anesthesia and Pain
Medicine, European Society of Regional Anaesthesia &
Pain Therapy, and World Institute of Pain) in the last two
years. We also searched for randomized controlled trials
(RCTs) in the metaRegister of Controlled Trials (includes
ClinicalTrials.gov). Only studies in English were included
because most scales for diagnosing and measuring NP have
been validated solely in this language.

We completed the search by reviewing the bibliographies
of every selected article for possible additional articles that
had not been retrieved by the search. Two authors (A.B. and
D.F.) independently evaluated titles, abstracts, and full texts
according to the inclusion criteria. All instances of discord
were discussed between the investigators to reach a
consensus.

Participants

Inclusion criteria were: (i) age > 18 yr; (ii) chronic (>
3 months) peripheral (including peripheral part of cranial
nerves) NP of moderate-to-severe intensity (> 3 on a 0-10
numerical rating scale for pain) diagnosed on the basis of
symptoms, signs, or validated scales for NP or a
combination of the three; (iii) etiology of peripheral NP
was compression and/or trauma related; and (iv) received

@ Springer

injections in the vicinity of the neural pathology using
anatomic landmarks, nerve stimulation, or ultrasound
guidance.

Intervention and comparator

We included studies in which participants received at least
one injection of perineural steroids for NP compared with
no injection (i.e., CMM) or LA or placebo (saline)
injections. Conventional medical management included
medications  (antidepressants, anticonvulsants, anti-
inflammatories, opioids) and other modalities (e.g.,
physiotherapy) recommended for treatment of NP.
Steroids  considered for this review included
methylprednisolone,  dexamethasone, betamethasone,
triamcinolone, or any other intermediate-to-long-acting
steroids. We did not impose restrictions on dose of steroids
or number of injections. In studies with additional cohorts
comparing combinations of perineural steroids with LA,
we attempted to extract the data for the comparison
between steroids and LA. We excluded studies of other
perineural adjuvants (e.g., botulinum toxin, clonidine,
cytokine antagonists) from our analysis and studies using
topical application of steroids. We also excluded trials on
neuromodulation (central or peripheral), cryotherapy,
radiofrequency (pulsed or ablation), or other surgical
modalities (nerve release or neurectomy) for the
treatment of peripheral NP.

Outcomes

The primary outcome was pain at one to three months after
the intervention expressed on a NRS (0 = no pain to
10 = worst possible pain). Intensity scores reported on a
visual analogue scale (VAS; 0 = no pain to 100 = worst
possible pain) were transformed to a 0-10 NRS. The
secondary outcomes considered at one to three months
after the intervention were: anxiety, depression, quality of
life (all measured on validated scales, e.g., SF-36%, EQ-
SDTM), overall patient satisfaction, and number of patients
with steroid-related adverse events (infection,
hyperglycemia, osteoporosis or fractures, psychosis,
muscle wasting, dermatological signs) or complications
related to the injection (hematoma formation, injury to or
penetration of anatomical structures in the vicinity of the
nerve).

Risk of bias assessment

The risk of bias among included studies was evaluated
using the Cochrane Collaboration tool for assessing risk of
bias.'® This tool assesses bias in the following domains:
generation of allocation sequence, allocation concealment,
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blinding of investigators and participants, blinding of
outcome assessors, and incomplete outcome data. Each
item was classified as low, unclear, or high risk of bias. A
decision to classify “overall bias” as low/unclear/high was
made depending on the trend of the majority of the
domains. We also intended to use a funnel plot and an
assessment of its asymmetry to assess publication biases
(citation bias, selective outcome reporting) if a sufficient
number of studies were available for meta-analysis.

Data extraction

The reference data, populations, and outcomes were then
extracted from the articles into pre-specified tables. The
two authors (A.B. and D.F.) used a standardized data
extraction procedure. The data collection form was pilot-
tested prior to its use. We extracted information on the
studies’ general characteristics (including design, number
of arms, and primary outcome), participants (population
characteristics, sample size, and etiology of NP), and
experimental intervention (type of steroid, doses, and
administration regime). Dichotomous outcomes were
extracted as the presence or absence of a therapeutic or
adverse effect. For continuous data, we extracted means
and standard deviations (SDs). If not reported, the SDs
were obtained from confidence intervals (CI) or P values
that related to the differences between means in the two
groups.”!

Data synthesis and analysis

We expected heterogeneity (because of the diverse
populations and doses of steroids included), and
therefore, we used DerSimonian and Laird random
effects meta-analysis models.”> Heterogeneity was
assessed with the Q test, and the Higgins I* statistic was
used to quantify heterogeneity (I > 50% indicates
substantial heterogeneity). The estimated mean effect of
each study was calculated with the respective 95% CI, and
the pooled effect was then assessed. An investigation of the
sources of heterogeneity was based on an analysis of pre-
specified subgroups. The definition of the subgroups
included: type of nerve, level of steroid dose (high vs
low; low was defined as a methylprednisolone dose of up to
40 mg or an equipotent dose of another steroid), and
quality of trials. Subgroup analysis for type of nerve was
performed because median nerve compression (carpal
tunnel syndrome) tends to cause milder symptoms of NP
(usually dysesthesia vs allodynia or hyperalgesia).> Thus,
patients with compression of this nerve may have some
unique characteristics that are different when compared
with patients with neuropathic syndromes due to trauma or
compression of other peripheral nerves. After inspection of

results, we performed a post hoc subgroup analysis to
compare the outcomes of trials in which the primary
outcome was reported early (within the first two months of
intervention) vs late (at three months after the
intervention), because the efficacy of steroids tends to
wane with time. We also decided to perform a post hoc
sensitivity analysis on the primary outcome measure by
evaluating the impact of removing one trial with a strongly
positive result in favour of steroids. All statistical analyses
were performed with Review Manager (RevMan version
5.2.5; The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

Quality of evidence

The quality of evidence for the primary outcome was assessed
with GRADE (Grading of Recommendations, Assessment,
Development and Evaluation) methodology.”* Quality of
evidence was classified as high, moderate, low, or very low for
each outcome based on risk of bias, inconsistency,
indirectness, imprecision, and other considerations
(publication bias). A summary table was constructed with
GRADEpro version 3.6 (http://www.guidelinedevelopment.
org/; Evidence Prime Inc., Hamilton, ON, Canada).

Results
Search results

The search results and study selection flow chart are
reported in Fig. 1. Five RCTs (published from 2011-2013)
comprised of 353 patients (177 in the steroid groups and
176 in the comparator groups) were included for systematic
review and meta-analysis (Fig. 1).>>%°

Trial, participants, and intervention characteristics
(Table 1)

All of the studies in the steroid groups involved a single
injection of steroid. The median (range) target sample size
was 88 (30-131) patients. The studies investigated patients
receiving perineural steroids for NP secondary to
compression or trauma of various peripheral nerves
(common peroneal, suprascapular, popliteal, sciatic,
thoracic paravertebral, and femoral nelrves),25 median
nerve at the carpal tunnel,’®*  the ninth
(glossopharyngeal) cranial nerve,”® and interdigital nerves
in the foot (Morton’s neuroma).”’ A validated scale for
diagnosing NP was used in only one study (i.e., the Leeds
Assessment of Neuropathic Symptoms and Signs -
LANSS),” and all other studies enrolled participants
only on the basis of neuropathic signs and symptoms.

@ Springer
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Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart for studies included in the review

The two studies involving compression of median nerves
also included electrophysiological criteria to diagnose
neuropathy.?®%’

Three studies had two groups for direct comparison of
steroids with LA or CMM.?*"?® The other two studies
(both on median nerve compression) had three groups.*®*’
In one of these two studies, steroids with and without LA
were compared with LA29; whereas, in the other study,
steroids were compared with LA in one group and with
placebo in another group.”® The perineural steroids used in
the studies were methylprednisolone (40 mg”>’ or
80 mg)>*® and triamcinolone (40 mg).***  Local
anesthetics used in the comparator groups were lidocaine
(0.5% or 2%)*+*" or procaine (1%).2%° Prior to perineural
injection, the nerves were located using stimulation,25
ultrasound,”’ or anatomic landmarks.*®**° The primary or

@ Springer

secondary outcome in all five studies was the mean pain
score using NRS or VAS measured at one to three months
after the interventions. (Table 1) Other measured outcomes
included LANSS scores and mean daily analgesic intake,*
electrophysiological studies, % syndrome-specific
scores,?**"?° and brief pain inventory scores.”® Adverse
effects were reported anecdotally in only two studies.”’*

Risk of bias assessment of the included studies (Fig. 2)

Two trials were classified as being at low risk of bias,>>?” and
the other three were at a high risk of bias.?**** In two of the
three trials deemed to have a high risk of bias, the procedure
for randomization was not adequately described.”®* All
three trials did not confirm allocation concealment or
blinding, and the reporting of outcome data was incomplete.
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Pain scores for all trials at one to three months after

intervention (Fig. 3)

Primary outcome

months after perineural injection of steroids or LA/CMM.
Two trials had three groups each, and groups with a saline
from 353 patients were combined for meta-analysis.

injection”® or a combination of LA and steroids® were
excluded from analysis to avoid “double counting”. Data
(Fig. 3) There was a significant reduction in mean pain

All five trials reported mean pain scores at one to three

—2.50 to

The difference in mean pain scores between the two

scores in patients receiving steroids compared with patients
groups represents approximately a 25% reduction from the

receiving LA/CMM (—1.31 points; 95% CI:

—0.13; P = 0.03, I = 89%).
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mean baseline pain scores (5-6 on a 0-10 NRS). Table 2

shows the change in mean pain scores from baseline for

both the steroid and LA/CMM groups: the range for the

steroid groups was a 29-75% reduction compared with a
16-36% reduction for the LA/CMM  groups.
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reductions in pain scores were reported in trials involving
use of higher doses of steroids (methylprednisolone
80 mg)*>*® compared with trials using lower doses
(methylprednisolone or triamcinolone 40 mg)*®*"2%;
however, none of these studies compared different doses
of steroids or different steroids.

Pain scores at one to three months after intervention for
median nerve compression trials (Table 3, Fig. 4)

We performed a meta-analysis of trials that enrolled only
patients with median nerve compression.’?’ Both trials
included in this analysis were homogeneous. Though there
was significant reduction in mean pain scores in patients
receiving steroids compared with those receiving LA
(—0.86 points; 95% CI: —1.49 to —0.23; P = 0.03;
P = 0%), the reduction in mean pain scores was modest.

Pain scores at one to three months after intervention for
other (non-median) nerve compression/trauma trials
(Table 3, Fig. 4)

A meta-analysis of the data from the three trials involving
patients with other than median nerve pathology>*"~®
showed that there was no significant difference in mean pain
scores between the steroid and the LA/CMM groups (—1.64
points; 95% CI. —3.52 to 0.24; P = 0.09; P = 92%).

Secondary outcomes
None of the studies reported planned secondary outcomes

of anxiety, depression, quality of life, and overall patient
satisfaction, although adverse effects were reported in two

Steroids LA/CMM

Table 2 Reduction in mean pain scores from baseline (pre-
intervention) to one to three months in individual studies

Study ID Pain score measurement: Reduction in mean pain

time after intervention score from baseline

Steroids LA
Eker 2012%° 3 months 75% 35.5%
Karadas 2012°° 2 months 31.8% 20.2%
Thomson 2013%” 1 month 38% 28%
Singh 2013*® 3 months 60% 50%
Karadas 2011%° 2 months 29% 16%

LA = local anesthetic

studies. Singh et al. reported only procedure-related (not
medication-related) complications in the group that
received perineural steroid injections (the other group did
not receive injections). All of their reported complications
were related to an inadvertent blockade of nerves in the
vicinity of the ninth cranial nerve and included hoarseness
of voice (four of 15 patients) and difficulty in swallowing
(two of 15 patients).”® Thomson er al. reported
hypopigmentation of the dorsal skin over the injection
site and atrophy of the plantar fat pad in 5% (three of 64
patients) and 3% (two of 64 patients), respectively, of the
patients who received steroids.”’

Heterogeneity and publication bias

For the primary outcomes, the I* statistic was 89% for the
comparison of mean post-intervention pain scores,
indicating high heterogeneity. Several characteristics of
these studies can contribute to heterogeneity, and we
explored two of these by subgroup analysis (Table 3). The
characteristics we evaluated included the interval between

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 steroid vs LA

Eker 2012 2 14 44 5.2 1.7 44  21.6% -3.20[-3.85,-2.55] —=—

Karadas 2011 4 1.8 34 5 14 32 21.0% -1.00[-1.78, -0.22] —

Karadas 2012 4.1 1.5 20 4.7 1.8 18 19.5% -0.60[-1.66, 0.46] e
Thompson 2013 4.2 2.6 64 4.8 2.4 67 20.6% -0.60[-1.46, 0.26] —
Subtotal (95% ClI) 162 161 82.7% -1.38 [-2.75, -0.00] ‘
Heterogeneity: Tau? = 1.78; Chi? = 33.99, df = 3 (P < 0.00001); I> = 91%

Test for overall effect: Z = 1.96 (P = 0.05)

1.1.2 Steroid vs CM

Singh 2013 2 2 15 3 2 15 17.3% -1.00[-2.43, 0.43] —_—
Subtotal (95% CI) 15 15 17.3% -1.00 [-2.43,0.43] —-—
Heterogeneity: Not applicable

Test for overall effect: Z = 1.37 (P = 0.17)

Total (95% CI) 177 176 100.0% -1.31 [-2.50, -0.13] ‘
Heterogeneity: Tau? = 1.57; Chi® = 34.81, df = 4 (P < 0.00001); I*> = 89% _=4 _=2 ) é

Test for overall effect: Z = 2.18 (P = 0.03)

Test for subgroup differences: Chi2 = 0.14, df = 1 (P = 0.71), I> = 0%

4
Favours steroid Favours LA/CMM

Fig. 3 Forest plot for numerical rating scale pain scores at one to three months after perineural injections. Pooled data analysis: steroids vs local
anesthetics (LA) or conventional medical management (CMM). CI = confidence interval
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Table 3 Subgroup analyses
Category Subgroups Number of Number of Mean difference in P value P (%)
studies participants pain scores at
1-3 months (95% CI)*
Type of nerve Median nerve®*° 2 104 —0.86 (—1.49 to —0.23) 0.007 0
Other nerves?>"28 3 249 —1.64 (—3.52 to 0.24) 0.09 92
Time after intervention Early (1-2 months)**27%° 3 235 —0.77 (—1.28 to —0.26) 0.003 0
for assessing efficacy [ ae (3 months)?>2® 2 118 220 (—434t0 —0.05)  0.05 87
Risk of bias Low?>>%’ 2 219 —1.92 (—4.46 to 0.63) 0.14 96
High?®-2%2° 3 134 —0.88 (—1.46 to —0.31) 0.003 0

*A negative value of the mean difference in pain scores indicates that pain scores for steroids were lower than scores for local anesthetics or

conventional medical management. CI = confidence interval

OTHER (NON-MEDIAN) NERVE TRIALS

Steroids LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Eker 2012 2 1.4 44 5.2 1.7 44  35.3% -3.20 [-3.85, -2.55] —
Singh 2013 2 2 15 3 2 15  30.4% -1.00[-2.43,0.43] —
Thompson 2013 4.2 2.6 64 4.8 2.4 67 34.3% -0.60[-1.46, 0.26] —=
Total (95% CI) 123 126 100.0% -1.64 [-3.52,0.24] -l
Heterogeneity: Tau? = 2.51; Chi? = 24.99, df = 2 (P < 0.00001); I = 92% _=4 _42 5 é i

Test for overall effect: Z = 1.71 (P = 0.09)

MEDIAN NERVE TRIALS

Favours steroid Favours LA/CMM

Steroids LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Karadas 2011 4 1.8 34 5 1.4 32 65.1% -1.00[-1.78, -0.22] —
Karadas 2012 4.1 1.5 20 4.7 1.8 18 34.9% -0.60[-1.66, 0.46] &
Total (95% CI) 54 50 100.0% -0.86 [-1.49, -0.23] <o
Heterogeneity: Chi? = 0.36, df = 1 (P = 0.55); I = 0% 1 {

Test for overall effect: Z = 2.69 (P = 0.007)

Fig. 4 Forest plot for numerical rating scale pain scores at one to
three months after perineural injections. Pooled data analysis from
subgroups: other (non-median) nerve compression and median nerve

intervention and assessment of outcome (early vs late)
(Fig. 5) and risk of bias in the included studies (low vs
high) (Fig. 6).

Early vs late measurement of post-intervention pain scores
(Table 3, Fig. 5)

There was a significant difference in the mean pain scores
in the steroid vs LA groups when these were measured
relatively early, at one to two months after the
interventions.”**"** Steroids were more efficacious in
reducing pain than LA at this time point (—0.77 points;
95% CI: —1.28 to —0.26; P = 0.003; P = 0%). The result
was similar when pain scores were measured later, at three
months after the intervention,25 28 but the reduction in pain
scores was greater with steroids (—2.20 points; 95% CI:
—434 to —0.05; P =0.05; P = 87%), though the

1 1
-4 -2 0 2 4
Favours steroid Favours LA/CMM

compression/trauma trials - steroids vs local anesthetics (LA) or
conventional medical management (CMM). CI = confidence interval

confidence intervals were wider and the statistical

significance was borderline.
Low risk of bias vs high risk of bias RCTs (Table 3, Fig. 6)

The pooled post-intervention mean pain scores did not
show a significant difference between steroids and LA
when these were extracted from studies with only low risk
of bias (—1.92 points; 95% CI: —4.46 to 0.63; P = 0.14;
P = 96%).25’27 Nevertheless, pooled data from studies
with a high risk of bias showed a significant difference
(—0.88 points; 95% Cl:—1.46 to —0.31; P = 0.003;
P = 0%).26282

Publication bias was not assessed with a funnel plot
because the low number of eligible studies (less than ten)
decreases the power of the tests to distinguish chance from
real asymmetry.>®
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EARLY ASSESSMENT (1-2 months after the intervention)

Steroids LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Karadas 2011 4 1.8 34 5 1.4 32 44.1% -1.00[-1.78,-0.22] ——
Karadas 2012 4.1 1.5 20 4.7 1.8 18 23.6% -0.60[-1.66, 0.46] —=
Thompson 2013 42 26 64 48 27 67 322% -0.60[-1.51,0.31] —=r
Total (95% CI) 118 117 100.0% -0.78 [-1.29, -0.26] <&
Heterogeneity: Tau? = 0.00; Chi? = 0.57, df = 2 (P = 0.75); I> = 0% _54 _32 5 é 4‘-1

Test for overall effect: Z = 2.95 (P = 0.003)

LATE ASSESSMENT (3 months after the intervention)

Steroid

LA/CMM

Mean Difference

Favours Steroid Favours LA/CMM

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Eker 2012 2 1.4 44 5.2 1.7 44 54.4% -3.20[-3.85,-2.55] -

Singh 2013 2 2 15 3 2 15 45.6% -1.00[-2.43, 0.43] —

Total (95% ClI) 59 59 100.0% -2.20 [-4.34, -0.05] i
Heterogeneity: Tau? = 2.10; Chi? = 7.52, df = 1 (P = 0.006); I*> = 87% _54 _52 5 ‘?1

Test for overall effect: Z = 2.00 (P = 0.05)

Fig. 5 Forest plots for numerical rating scale pain scores measured
early (at one to two months) and late (at three months) after perineural

2
Steroid] LA/CMM

late assessment of outcome trials — steroids vs local anesthetics (LA)
or conventional medical management (CMM). CI = confidence

injections. Pooled data analysis from subgroups: early assessment and interval
LOW RISK OF BIAS
Steroid LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Eker 2012 2 1.4 44 5.2 1.7 44  50.6% -3.20[-3.85, -2.55] -
Thompson 2013 4.2 2.6 64 4.8 2.4 67 49.4% -0.60[-1.46, 0.26] — T
Total (95% ClI) 108 111 100.0% -1.92 [-4.46, 0.63] —~—
Heterogeneity: Tau? = 3.23; Chi? = 22.40, df = 1 (P < 0.00001); I = 96% _%4 _=2 3 é ‘%1

Test for overall effect: Z = 1.47 (P = 0.14)

HIGH RISK OF BIAS

Favours steroid Favours LA/CMM

Steroid LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Karadas 2011 4 1.8 34 5 1.4 32 54.7% -1.00[-1.78, -0.22] ——
Karadas 2012 4.1 1.5 20 4.7 1.8 18 29.3% -0.60[-1.66, 0.46] —
Singh 2013 2 2 15 3 2 15 16.1% -1.00[-2.43,0.43] —
Total (95% ClI) 69 65 100.0% -0.88 [-1.46, -0.31] <&
Heterogeneity: Chi? = 0.39, df = 2 (P = 0.82); I> = 0% _44 _52 5 é j‘

Test for overall effect: Z = 3.02 (P = 0.003)

Favours steroid Favours LA/CMM

Fig. 6 Forest plots for numerical rating scale pain scores from low risk vs high risk of bias studies. Pooled data analysis from subgroups: low risk
of bias and high risk of bias trials — steroids vs local anesthetics (LA) or conventional medical management (CMM). CI = confidence interval

Steroids LA/CMM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Karadas 2011 4 1.8 34 5 1.4 32 37.8% -1.00[-1.78, -0.22] ——
Karadas 2012 4.1 1.5 20 4.7 1.8 18 20.2% -0.60[-1.66, 0.46] —
Singh 2013 4.2 2.6 64 4.8 2.4 67 30.9% -0.60[-1.46, 0.26] —a
Thompson 2013 2 2 15 3 2 15 11.1% -1.00[-2.43, 0.43] s —
Total (95% CI) 133 132 100.0% -0.80 [-1.27, -0.32] &
Heterogeneity: Tau? = 0.00; Chi? = 0.68, df = 3 (P = 0.88); I> = 0% 5_4 _12 ) é 4?

Test for overall effect: Z = 3.27 (P = 0.001)

Fig. 7 Sensitivity analysis: Forest plot for numerical rating scale pain
scores at one to three months after perineural injections after

excluding data from trial by Eker et al."® Pooled data analysis of
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the mean change in pain scores: steroids vs local anesthetics (LA) or
conventional medical management (CMM). CI = confidence interval
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Perineural steroid injections comp: to peril local ic injections or medical for chronic neuropathic pain.
Patient or population: patients with chronic neuropathic pain
Settings: etiology- nerve compression or trauma
Intervention: perineural steroid injections
Comparison: perineural local injections or medical

lllustrative comparative risks* (95% Cl)

Assumed risk Corresponding risk

local ic injecti or medical steroid inj

Pain ‘The mean pain in the control groups was The mean pain in the intervention groups was 353 2366
numerical rating scores. Scale from: 0 to 10. 0 points’ 1.31 lower (5 studies) low*?
Follow-up: 1 - 3 months (2510 0.13 lower)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% Cl).

ClI: Confidence interval,

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is fikely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very ikely to have an important impact on our confidence in the estimate of effect and is ikely to change the estimate

Very low quality: We are very uncertain about the estimate.

: Numerical Rating Scale score from 0 to 10 (0=no pain, 10= worst imaginable pain)
# Lack of details in three out of five trials regarding allocation concealment and technique of biinding.
? Confidence intervals crossing line of no effect for three out of five trials.

Fig. 8 Summary of findings table based on GRADE evidence evaluation

Sensitivity analysis

A sensitivity analysis was not planned a priori, but it was
performed after removing the study by Eker ef al.> because
their study results were strongly in favour of perineural
steroids. Though removing this study resulted in a decrease
in the pooled effect size (—0.80 points; 95% CI: —1.27 to
—0.32; P = 0.001; I* = 0%), the overall pooled effect was
still significant and heterogeneity was reduced (Fig. 7).

Based on a high risk of bias in three of the five studies,
the quality of evidence was classified as low, and thus, the
strength of recommendation is weak for the analgesic
efficacy of perineural steroids in trauma or compression-
related NP (Fig. 8).

Discussion

This systematic review and meta-analysis evaluated the
efficacy of using perineural steroids for relieving chronic
peripheral post-traumatic or compression-related NP.
Results show that 40-80 mg of methylprednisolone or
triamcinolone (these steroids are equipotent)’’ have a
potentially beneficial effect in reducing pain at one to
three months after injection when compared with LA
injection or CMM (i.e., no injections). The change in
mean pain scores following injection of steroids represented
a modest change from baseline (25%) but a significant
reduction (P = 0.03). The quality of evidence is low and the
strength of recommendation is weak for analgesic efficacy
of perineural steroids in this clinical setting. The number of
subjects included in the RCTs was small. Moreover, these
studies did not report on secondary outcomes relevant to
chronic pain (anxiety, depression, quality of life, and patient
satisfaction) and the adverse effects of the interventions.

Population included in this review

A wide spectrum of peripheral NP syndromes of traumatic
or compressive etiologies was included in the studies
included in this review. Furthermore, the majority of the
trials did not include validated scales for the diagnosis of
NP. Both of these factors contributed to the heterogeneity
of our review. The analgesic benefit of steroids was
apparent in patients suffering from median nerve
compression; however, the number of studies assessing
efficacy in this subgroup was even smaller. This suggests
that the efficacy of steroids may differ based on the type of
nerve involved or the pathology.

To enhance the validity of our results, we attempted to
restrict our inclusion criteria to studies that involved
perineural administration of injectate with nerve
localization (anatomic landmarks, stimulation, or
ultrasound). For example, we excluded a study that
involved injecting steroids in the suboccipital region for
the treatment of chronic headaches in the absence of
occipital neuralgia.** In all the included studies, patients
had pain scores of > 3 (on a 0-10 NRS) for more than three
months, thus confirming that they had chronic pain of
moderate intensity or higher.

Analgesic efficacy of steroids in chronic peripheral NP

Corticosteroids have anti-inflammatory mechanisms and
immunosuppressant actions. Nerve injury has been shown
to activate secretion of inflammatory mediators and
increase ectopic discharge from the injured nerve,’
thereby contributing to the development of NP.'*!'3
Steroids delivered around injured nerve fibres counter
both mechanisms,14 which results in a reduction of both
spontaneous and evoked pain. Perineurally injected
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steroids may also have some analgesic effect through
systemic uptake. Our results represent an analgesic benefit
of 25%, which is an important finding and a meaningful
reduction in pain, considering that most patients in these
trials had failed to respond to pharmacological treatments
for NP. We also observed a larger reduction in pain scores
in trials that involved the use of higher doses of steroids
(methylprednisolone 80 mg) and recorded pain scores at
three months *>*® when compared with trials that used
lower doses of steroids (methylprednisolone or
triamcinolone 40 mg) and recorded pain scores relatively
earlier (at one to two months).>**”*° This finding is
unusual because the analgesic benefit should dissipate over
time, but it is possible that higher doses may confer long-
term analgesia. This temporal pattern of analgesia should
be explored in future RCTs with assessment at different
time points after administration of steroids.

We found that studies with a high risk of bias
were associated with a significant analgesic effect in favour
of perineural steroids. It can be argued that it is premature
to do a meta-analysis on this topic, especially considering
the lack of quality studies. Nevertheless, the evidence of an
analgesic benefit conferred by perineural steroids in
patients with refractory NP can serve as a “launch-pad”
for better designed clinical trials in more homogeneous
models of NP.

26,28,29

Limitations of this review

Despite not restricting our literature search by date of
publication, all five studies included in this review were
published from 2011-2013. This suggests that this topic has
been subject to clinical research only recently and larger and
more robust RCTs can be expected in the next few years.
Interestingly, all included trials showed a beneficial effect of
steroids when compared with LA in a population of patients
(chronic NP) in which providing pain relief can be challenging
and the number needed to treat for all recommended oral
pharmacological agents varies from 2.5- 4.5

A limitation of this review is that data from studies
reporting one or more of the secondary outcome measures
(but not the primary outcome measure) were not included for
analysis. This may have resulted in the omission of
significant studies on the effects of perineural steroids on
trauma or compression-related peripheral NP, but we
consider this unlikely because of the paucity of reporting
on secondary non-analgesic outcomes in trials evaluating
interventional modalities for chronic pain.*® It should also
be pointed out that studies conducted and published in
languages other than English were not included in our search
due to the paucity of data on the validation of scales for the
diagnosis, measurement, and evaluation of NP in languages
other than English. Nevertheless, this may not have
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significantly affected the pooled estimate of our primary
outcome.” A neuropathic pain diagnostic questionnaire
(DN4, Douleur Neuropathique en 4 Questions) has recently
been validated in multiple languages,> and more high-
quality studies on the effect of perineural steroids on
peripheral NP can be expected in the future.

The RCTs included in this review had heterogeneity and
variable quality. There was clinical heterogeneity due to
different etiologies and different nerves responsible for NP.
The comparators also varied in types, concentrations, and
dose across RCTs, and one trial did not have injections in
the comparator group.”® The RCTs included in this meta-
analysis did not outline other multimodal therapies used for
patients (e.g., antidepressants, physical or psychological
therapy). None of the RCTs reported on the other important
“core” outcomes of anxiety and depression, quality of life,
or satisfaction with treatment. Finally, the primary outcome
was measured at a range of intervals after the intervention.
Nevertheless, we decided that these differences in
methodology should not have a major impact on the
confidence in the results of this meta-analysis.

There was clinical and statistical heterogeneity in the
results of the included RCTs. The trials enrolled patients
with neuropathic syndromes secondary to trauma or
compression of different nerves. The pathology of neural
dysfunction following a variety of insults includes swelling
of the nerve and ectopic discharges.” Given that these
abnormalities in neural anatomy and function are amenable
to the anti-inflammatory and membrane stabilizing effects
of steroids, we considered it reasonable to combine these
seemingly disparate papers for this meta-analysis in order
to evaluate the analgesic benefit of perineural steroids.
Moreover, sensitivity analyses of trials with lower
heterogeneity (median nerve compression)**?° revealed
no significant decrease in the analgesic benefit conferred by
perineural steroids (Table 3). Similarly, exclusion of the
RCT with the highest treatment effect® did not remove the
significance of the pooled effect, though the magnitude
decreased (Fig. 7). We observed a lack of benefit with
perineural steroids when data from RCTs with only a low
risk of bias was analyzed (Table 3, Fig. 6). Nevertheless,
since only two RCTs met this criterion, we do not consider
this sensitivity analysis to negate the results of our meta-
analysis of all five RCTs. A prominent focus on study bias
and quality of evidence was maintained throughout the
analysis using GRADE.*

Future randomized controlled trials conducted with
larger enrolment may be able to define the analgesic
benefit of perineural steroids with more clarity and
confidence. Despite steroids being associated with
multiple local and systemic effects, adverse effects were
not clearly stated as an outcome in any of the studies
included in this review.’® Only one trial in this review
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reported local adverse effects of perineural steroids.”’
Randomized controlled trials that evaluate perineural
injections of steroids should include monitoring of well-
defined adverse effects. Hyperglycemia and osteoporosis
are two effects that could be relatively easy to identify at
multiple time points after intervention. Fluid retention,
hypertension, skin necrosis, myopathy, hypokalemia, and
psychosis are other adverse effects of steroids that need to
be assessed.

Implications for clinical practice and research

Administration of perineural steroids may help to
ameliorate chronic peripheral NP, but the benefit and risk
profile is unclear. It is important to perform large
multicentre RCTs that evaluate the efficacy of this
intervention in a range of trauma or compression/
entrapment-related chronic neuropathic syndromes that
cause pain of moderate-to-severe intensity. Diagnosis of
NP should be confirmed through use of validated measures
(e.g., DN4, LANSS). In view of some evidence, namely,
that combining steroids with LA may increase efficacy,?
that LA on their own may confer long-term analgesic
benefits,” and that placebo analgesic effect is strong,*®
there is a need to perform an RCT with four groups of
perineural injectates: no/sham injection, LA, steroid, and a
combination of steroid with LA, respectively. The sample
size for this trial should be at least 33 patients per group
(132 patients in total) for an expected mean difference
between pain NRS of 1.8 and a within-group standard
deviation of 2. This sample size is expected to give an 80%
chance of rejecting the null hypothesis of no difference
between means at an alpha of 0.05 using a Bonferroni
adjustment to the size of the test to compensate for multiple
comparisons.” Pain scores should be measured at multiple
time intervals after intervention: immediate (0-72 hr),
intermediate (72 hr to one month), and long-term (one to
six months). Important secondary outcome measurements
to include in this trial are: emotional functioning, physical
functioning, patient satisfaction with treatment, as well as
meticulous attempts to identify and record adverse effects.
These recommendations are in accordance with the core
outcome domains of the IMMPACT guidelines for
designing clinical trials to evaluate interventions for
chronic pain conditions.™

Conclusions

Perineural steroids may provide higher analgesic efficacy
than LAs or CMM for treating chronic peripheral NP from
traumatic or compressive etiologies; however, more well-
designed studies are required.
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