Available online at www.sciencedirect.com

"-.* ScienceDirect

ELSEVIER European Journal of Pain 10 (2006) 667676

www.EuropeanJournalPain.com

Review

Efficacy of mu-opioid agonists in the treatment of evoked neuropathic
pain: Systematic review of randomized controlled trials

Elon Eisenberg ®*, Ewan D. McNicol >¢, Daniel B. Carr ¢

& Pain Relief Unit, Rambam Medical Center, Haifa Pain Research Group, the Technion-Israel Institute of Technology,
P.O. Box 9602, Haifa 31096, Israel
® Department of Anesthesia, New England Medical Center and Tufts University School of Medicine, Boston, MA, USA
¢ Pharmacy Department, New England Medical Center and Tufts University School of Medicine, Boston, MA, USA
4 Division of Clinical Care Research, New England Medical Center and Tufts University School of Medicine, Boston, MA, USA
¢ Javelin Pharmaceuticals Inc., Cambridge, MA, USA

Received 20 July 2005; accepted 21 October 2005
Available online 5 December 2005

Abstract

Several reviews of randomized controlled trials (RCTs) have shown the efficacy of mu-opioids in reducing spontaneous neuro-
pathic pain (NP). However, relatively little is known about their specific efficacy for evoked pain, which is a significant problem for
many patients with NP. The present systematic review assesses the efficacy of opioid agonists for the treatment of evoked NP based
upon published RCTs. We searched articles in any language using the MEDLINE database (1966 to December 2004), the Cochrane
Central Register of Controlled Trials (4th quarter, 2004) and the reference lists of retrieved papers, employing search terms for
RCTs, opioids and NP. Only RCTs in which opioid agonists were given to treat NP of any etiology, and evoked pain was assessed
were included. Data were extracted by two independent investigators. Nine articles met inclusion criteria and were classified as
short-term (less than 24 h; n = 7) or intermediate-term trials (4 weeks; n = 2). Although the scarcity of retrieved data precluded for-
mal meta-analysis of short-term trials, we found that the intensity of dynamic mechanical allodynia was significantly attenuated by
opioids relative to placebo in all studies. In contrast, no consistent effects on the magnitude of static allodynia, the threshold for
mechanical allodynia or the threshold or magnitude of heat allodynia were found. The threshold and magnitude of cold-induced
allodynia generally responded positively to opioid treatments in patients with peripheral pain syndromes, but not central pain syn-
dromes. Evoked pain was studied in only two intermediate-term trials, in both of which oxycodone was significantly superior to
placebo. The results of the two trials were combinable for a meta-analysis that showed an overall 24 points difference in endpoint
pain intensities between patients given opioids and those treated with placebo (95% CI —33 to —15; p <0.00001). In conclusion:
short-term studies show that opioids can reduce the intensity of dynamic mechanical allodynia and perhaps of cold allodynia in
peripheral NP. Insufficient evidence precludes drawing conclusions regarding the effect of opioids on other forms of evoked NP.
A meta-analysis of intermediate-term studies demonstrates the efficacy of opioids over placebo for evoked NP. These findings
are clinically relevant because dynamic mechanical allodynia and cold allodynia are the most prevalent types of evoked pain in NP.
© 2005 European Federation of Chapters of the International Association for the Study of Pain. Published by Elsevier Ltd. All
rights reserved.
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1. Introduction

Neuropathic pain (NP) that results from traumatic,
inflammatory, ischemic, metabolic and neoplastic insults
to the peripheral or central nervous system is character-
ized by continuous or intermittent spontaneous pain and
abnormal sensitivity of the painful site to a variety of
noxious (hyperalgesia) or innocuous (allodynia) stimuli
(Yarnitsky and Eisenberg, 1998). Evoked pain that
results from light touch by garments, running water or
even cold air can be extremely bothersome for many
of these patients.

Pharmacotherapy of NP employs antidepressants or
anticonvulsants, but even with the latest generations of
these drugs, effective analgesia is achieved in fewer than
half of this population (Sindrup and Jensen, 1999). The
use of opioids for chronic pain in general and NP in par-
ticular has increased dramatically over the last decade.
Yet, the belief that NP is opioid-resistant, as well as con-
cerns over adverse effect profiles and potential for abuse
often discourages the use of opioids for NP. Recent sys-
tematic reviews (Eisenberg et al., in press; Kalso et al.,
2004; Katz and Benoit, 2005) of randomized controlled
trials (RCTs) have shown the efficacy of opioids in
reducing spontaneous NP. However, little is known
about their efficacy for evoked pain. The present system-
atic review of published RCTs aimed to assess the effi-
cacy of opioid agonists for the treatment of evoked
NP. Since evoked pain in general and dynamic mechan-
ical allodynia and cold allodynia in particular are preva-
lent in NP, this review is of clinical relevance.

2. Methods
2.1. Search

Full reports in any language were searched using the
MEDLINE database (1966 to December 2004), the
Cochrane Central Register of Controlled Trials (4th
quarter, 2004) and the reference lists of reviews and
retrieved articles. Authors were not contacted for origi-
nal data, and abstracts or unpublished reports were not
considered. Search terms for RCTs were combined
with those for opioids and neuropathic pain (see
Appendix).

2.2. Inclusion and exclusion criteria

Abstracts of all citations and retrieved studies were
reviewed to see if they met the following inclusion cri-
teria: (1) randomized, blinded and controlled trials;
(2) opioid agonists (but not partial agonists or ago-
nist-antagonists) were given to treat central or periph-
eral NP of any etiology; (3) one or more opioid
agonists, or different doses of the same opioid agonist

were compared to placebo, each other, or another
class of medications used for NP (e.g., antidepres-
sants); (4) drugs were administered by any of the fol-
lowing routes: orally, rectally, transdermally,
intravenously, intramuscularly or subcutaneously; (5)
evoked NP was characterized with tools such as
quantitative sensory testing (QST), von Frey fila-
ments, measurement of area of hyperalgesia, and mea-
surement of evoked-pain intensity with validated pain
measurement tools such as the visual analogue scale
(VAS).

We excluded studies in which: (1) patients with both
neuropathic and other types of pain (e.g., nociceptive)
were enrolled, and responses of the two groups of
patients were pooled so that they could not be differen-
tiated; (2) drugs other than opioid agonists were com-
bined with opioids (e.g., codeine with acetaminophen);
(3) opioids were administered epidurally, intrathecally
or intracerebroventricularly; (4) tramadol was used as
the active drug, because tramadol is not regarded as a
pure opioid agonist and its efficacy for NP has been
the subject of a recent systematic review (Duhmke
et al., 2004).

2.3. Assessment of methodological quality

Studies that met inclusion criteria were graded for
methodological quality using a scale reported by
Jadad et al. (1996). Jadad (or “Oxford”) scores are
based upon each paper’s description of randomization,
blinding and withdrawals, and can range from 1 to 5,
where higher scores indicate better methodological
quality.

2.4. Data extraction

Information on study designs, methods, interventions
and evoked-pain outcomes was extracted. In addition,
diagnoses, patient inclusion and exclusion criteria, and
numbers of patients enrolled and completing the study
were extracted into a standardized table by two indepen-
dent investigators. In many studies data were presented
in graphical form only. In these cases, whenever possi-
ble, data were extracted by measurement of the photo-
copied and enlarged figures. Discrepancies in extracted
data were resolved by discussion prior to including data
in the analysis.

2.5. Statistical analysis

Statistical analysis of included trials was performed
using The Cochrane Collaboration’s Review Manager
software (RevMan) Version 4.2.7 for Windows, Oxford,
England: The Cochrane Collaboration, 2004: CD-ROM
and Internet. Whenever possible, results from the trials
were combined using a fixed effects model to calculate
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differences and 95% confidence intervals (CI) in post-
intervention evoked-pain intensity. Heterogeneity
between and within trials was evaluated using the Chi-
square test (Clarke and Oxman, 2003). P-values less
than 0.05 were considered significant. Unless otherwise
stated, values presented are means 4+ SD.

3. Results
3.1. Included studies

The literature search yielded 1995 citations of which
44 were selected for retrieval. Nine of the 44 trials met
inclusion criteria and provided data on 178 opioid-trea-
ted patients in whom evoked NP was assessed. All nine
trials used placebo as a control. A QUOROM flow dia-
gram (Fig. 1) shows an overview of the study selection
process. In seven trials opioids were administered mostly
as brief intravenous infusions using a crossover design,
and outcomes measured over less than 24 h (short-term
trials). The number of patients in each of these studies
was generally small (median 12; range 8-19). The test
drug was alfentanil in four trials and morphine in three.
The diagnosis was specified in all trials; two trials stud-

Potentially relevant RCTs identified and
screened for retrieval (n = 1995)

}

Potentially relevant RCTs identified and
screened for retrieval (n = 44)

v

v

v

v

\4

v

RCTs included in the systematic review (n = 9)

Irrelevant reports (n = 1951)

Not adequately randomized (n = 1)

ied patients with post-herpetic neuralgia (PHN), two
studied patients with central pain, two studied patients
with post-traumatic neuralgia (PTN), and one studied
patients with mixed neuropathies (Table 1). In the two
other trials, oxycodone was administered orally over 4
weeks (intermediate-term trials), also using a crossover
design, but to larger numbers (45 and 50) of patients.
The diagnosis was diabetic neuropathy in one trial
(Watson et al., 2003) and PHN in the other (Watson
and Babul, 1998).

3.2. Study quality

The quality of the studies as judged by the Jadad
score is presented in Table 1. The median overall score
was 4 (range 3-5) indicating good methodological qual-
ity. The Jadad scores of the two intermediate-term stud-
ies scored higher (5 points each) than the short-term
trials (median 4). Inadequate description of the random-
ization process (Attal et al., 2002; Eide et al., 1994;
Leung et al., 2001; Max et al., 1995; Rowbotham
et al., 1991) was the most common shortfall in the
short-term trials. Other shortfalls included inadequate
description of the double blinding process (Eide et al.,
94; 95) and of dropouts (Jorum et al., 2003).

Mixed neuropathic and nociceptive or
only nociceptive population (n = 11)

Opioid tested was not a full mu
receptor agonist (n = 10)

Opioid effect on evoked pain not
reported (n = 13)

Fig. 1. A QUOROM flow diagram of included/excluded studies.
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Table 1

Randomized controlled trials in the treatment of neuropathic pain: design, intervention and quality assessment

Study Pain etiology
(patient numbers)

Number of patients
enrolled/evaluable

Design Intervention, control, placebo®

Jadad quality
score

Short-term trials

Jorum 2003 PTN (11) 12/12

PHN (1)

Attal 2002 Central: SC (9), 15/15

post stroke pain (6)

Leung 2001 Mixed: RSD (6) PHN (4), 12/12

SC (1), causalgia (1)

Max 1995 PTN 8/8

Eide 1995 Central: SC 9/9

Eide 1994 PHN 8/8

Rowbotham 1991 PHN 19/19

Intermediate-term trials
Watson 1998 PHN 50/44

Watson 2003 Diabetic neuropathy Active 45/35

Placebo 45/36

Crossover  Alfentanil: i.v. bolus of 7 pg/kg over +4

5 min + 0.6 pg/kg/min infusion over 20 min
Ketamine: i.v. bolus of 60 pg/kg over

5 min + 6 pg/kg/min infusion over 20 min
Placebo

Crossover Morphine: 9-30 mg (mean 16 + 6), +4

individually titrated to AE, over 20 min
Placebo

Crossover Alfentanil: 20 min i.v. infusion aimed at +4

achieving plasma levels of 25, 50 and 75 ng/ml
Ketamine: 20 min i.v. infusion aimed at
achieving plasma levels of 50, 100 and 150 ng/
ml

Active placebo (diphenhydramine)

Crossover  Alfentanil: 1.5 pg/kg/min for 60 min; rate +4

doubled as required at 60 and 90 min for a
total of 2 h

Ketamine: 0.75 mg/kg/hr for 60 min; rate
doubled as required at 60 and 90 min for a
total of 2 h

Placebo

Crossover  Alfentanil: 7 pg/kg over 1 min + 0.6 pg/kg/ +4

min for 17-21 min

Ketamine: 60 pg/kg over 1 min + 6 pg/kg/
min for 17-21 min

Placebo

Crossover Morphine inf: 0.075 mg/kg over 10 min +3

Ketamine inf: 0.15 mg/kg/ over 10 min
Placebo

Crossover Morphine: 0.3 mg/kg (max 25 mg) over 1 h +4

Lidocaine: 5 mg/kg (max 450 mg) over 1 h
Placebo

Crossover Long-acting oxycodone: 10-30 mg twice daily +5

(mean: 45 4 17) for 4 weeks

Crossover Long-acting oxycodone: 10-40 mg twice daily +5

(mean: 40.0 + 18.5) for 4 weeks
Active placebo [benztropine]: 0.25-1.0 mg
twice daily (mean: 1.2 4+ 0.6)

PTN, post-traumatic neuralgia; PHN, post-herpetic neuralgia; SC, spinal cord; RSD, reflex sympathetic dystrophy; AE, adverse events; PCA, patient

controlled analgesia.
% All administered intravenously unless stated.

3.3. Efficacy: short-term trials

An overview of the results of the short-term RCTs is
presented in Table 2.

3.3.1. Cold allodynia and hyperalgesia

The effect of opioids on cold allodynia was studied in
four trials. Using QST in 12 patients (11 with PTN and 1
with PHN) and reduced baseline cold pain detection
threshold (cold allodynia), Jorum et al. (2003) found

that alfentanil infusion, but not placebo, significantly
increased the threshold for cold pain at the painful site.
Alfentanil also significantly reduced the intensity of pain
(VAS) from 4.5 to 1.4 (median values) at the threshold
for cold detection. Leung et al. (2001) showed dose-
dependent elevation of cold pain threshold by alfentanil
in a group of 12 patients with mixed neuropathies.
Notably, only two of the twelve patients in that study
had reduced cold pain thresholds (cold allodynia) at
baseline but the authors did not differentiate their



Table 2

Short-term randomized controlled trials of opioids in the treatment of evoked neuropathic pain: efficacy results

Tactile allodynia/hyperalgesia

Threshold VAS

Heat allodynia/hyperalgesia

Threshold
O>P

Cold allodynia/hyperalgesia

Pain etiology Agent

Study

Area

VAS

VAS/area

Threshold
O>P

(patient numbers)

(D)O>P

VASO>P

Alfentanil vs. ketamine

vs. placebo

PTN (11) PHN (1)

Jorum 2003

(D)O>P,
(S)O=P

(S O =P

P(0/3) VASO=P (0/6) O=P(0/1) O=P (0/5)

0=

Morphine vs. placebo

Central: SC (9)

Attal 2002

post stroke pain (6)

(D)O>P,
(S O=P

(D and S) O > P

P

(S0

O=P

Area O > P (2/2)

Alfentanil (3 plasma >P

Mixed: RSD (6), PHN (4),

SC (1), causalgia (1)

Leung 2001

levels) vs. ketamine vs.

placebo

(S) O > P 2/6,
O=P4/6

(D)O>P

P (0/2)

o=

VAS O > P (2/3)

Alfentanil vs. ketamine

vs. placebo

PTN (8)

Max 1995
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(D and WU) O > P

Alfentanil vs. ketamine

vs. placebo

Central: SC (9)

Eide 1995

(D) O >P
(WU) O
O>P

=P

(D) O

Morphine vs. ketamine

vs. placebo

PHN (8)

Eide 1994

=P

Morphine vs. lidocaine

vs. placebo

PHN (19)

Rowbotham 1991

P, opioid not superior to placebo; D, dynamic allodynia (e.g., cotton wool or paintbrush strokes); PHN, post-

Numbers in brackets, number of patients; O > P, opioid superior to placebo; O

herpetic neuralgia; PTN, post-traumatic neuralgia; RSD, reflex sympathetic dystrophy; S, static allodynia (e.g., von Frey filaments); SC, spinal cord; WU, ‘wind-up’ like pain; ?, questionable

significance due to a small number of patients.

responses to alfentanil from those of the entire group.
Further testing showed 67% and 87% reductions, respec-
tively, in the area of cold allodynia following alfentanil
treatment in these two patients. In a third trial (Max
et al., 1995) alfentanil was administered to eight patients
with PTN. The results of the study are somewhat diffi-
cult to understand due to the lack of a clear description
of the testing procedure. However, the effect of alfenta-
nil on cold hyperalgesia was tested in three patients. In
two a dramatic effect was noted (88% and 100% reduc-
tions in VAS) and in the third little to no effect was
found. A fourth trial (Attal et al., 2002) studied fifteen
patients with central pain and yielded different results.
Cold allodynia at baseline was present in three subjects
and cold hyperalgesia in six. Intravenous morphine
administration did not significantly reduce either symp-
tom in any patient.

Due to heterogeneity between studies in the presenta-
tion of results, their data could not be quantitatively
combined. However, these results suggest that in
patients with peripheral nerve injuries, alfentanil: (1) ele-
vates the threshold for cold pain detection regardless of
the presence of baseline cold allodynia and (2) reduces
the intensity and area of cold hyperalgesia. In contrast,
morphine is less likely to have such benefits in patients
with central NP.

3.3.2. Heat allodynia and hyperalgesia

The opioid effect on the heat pain detection threshold
was tested in five studies that generally yielded negative
results. Only one study showed that alfentanil signifi-
cantly increased heat pain detection thresholds in 12
patients (11 with PTN and 1 with PHN) who had nor-
mal baseline heat pain thresholds (Jorum et al., 2003).
In contrast, alfentanil had no effect on heat pain thresh-
olds in another group of 12 patients with mixed neurop-
athies (Leung et al., 2001) whose baseline thresholds for
heat pain were elevated (heat hypoalgesia) in compari-
son to previously published data from healthy volun-
teers. Similarly, morphine did not change heat pain
thresholds in eight PHN patients with normal baseline
heat pain thresholds (Eide et al., 1994). Two other stud-
ies that tested the effect of opioids on heat pain thresh-
olds in patients with central pain yielded negative
results. In one trial (Eide et al., 1995), alfentanil did
not significantly change heat pain thresholds in nine
patients with spinal cord injury, but the authors did
not report whether the baseline thresholds were normal,
reduced or elevated. In the other trial (Attal et al., 2002),
only one subject had baseline heat allodynia, which
remained unchanged after morphine treatment.

All three studies that evaluated the effect of opioids
on the magnitude (VAS) of heat pain in patients with
NP showed negative results. In one study (Jorum
et al., 2003), however, pain intensity was tested at the
threshold for detecting heat pain. Six of the 12 patients
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in that study rated their baseline pain intensity as 0,
thereby rendering baseline VAS for the entire group
very low (median value of 3.45). Not surprisingly, no
significant reduction in VAS following alfentanil treat-
ment was found in that study. In the second trial, Max
et al. (1995) reported little to no effect in two patients
with heat hyperalgesia treated with alfentanil. In the
third study (Attal et al., 2002), morphine did not atten-
uate heat hyperalgesia differently from placebo in the
affected side in any of the five patients with central pain
who presented with increased sensitivity to suprathresh-
old heat stimuli.

Quantitative analysis of the heat pain studies could
not be performed due to a lack of uniformly presented,
combinable data. Yet, with the exception of one study
(Jorum et al., 2003), no trial suggested that opioids affect
heat pain threshold or heat hyperalgesia in patients with
either peripheral or central NP.

3.3.3. Mechanical allodynia and hyperalgesia

The effect of opioids on mechanical pain thresholds
(tactile allodynia) was tested in three trials (Attal
et al., 2002; Eide et al., 1994; Leung et al., 2001), all of
which yielded negative results. Attal et al. (2002) found
reduced baseline thresholds to punctuate stimuli pro-
duced by von Frey filaments in the affected side in seven
of fifteen patients with central pain. Morphine was no
better than placebo in modifying these thresholds for
the group as a whole or for those with baseline mechan-
ical allodynia. Similar results were reported by Leung
et al. (2001) who found that alfentanil had no effect on
mechanical pain detection thresholds in patients with
mixed neuropathies. However, in contrast to those eval-
uated by Attal et al., the patients studied by Leung et al.
had elevated baseline thresholds (hypoalgesia). Lastly,
morphine had no effect on dynamic mechanical pain
detection thresholds, which were elevated at baseline,
in patients with PHN (Eide et al., 1994).

The effect of opioids on the magnitude of static
hyperalgesia was tested in two trials. In one trial (Attal
et al., 2002), morphine did not significantly reduce the
VAS score compared with placebo in the eight of fifteen
patients with central pain and pre-existing static
mechanical hyperalgesia. In contrast (Leung et al.,
2001), alfentanil significantly reduced pain intensity
induced by von Frey testing in patients with mixed neur-
opathies (approximately 75 4+ 10% reduction following
alfentanil vs. 25 + 8% following placebo; data extracted
from a figure). Alfentanil’s effect on the area of static
hyperalgesia was also tested in two trials and had no
effect on von Frey-induced allodynic area in patients
with mixed neuropathies (Leung et al., 2001) or on the
area on pinprick hyperalgesia in four of six patients with
PTN (Max et al., 1995).

The effect of opioids on the intensity of dynamic allo-
dynia was tested in all seven trials. Of ten patients with

central pain who had brush-induced allodynia, morphine
attenuated its intensity by 50% in nine whereas placebo
produced a 50% reduction only in three (Attal et al.,
2002). Total pain relief was felt by four patients follow-
ing morphine treatment and by two following placebo.
The effect of morphine infusion averaged over all
patients was significantly superior to placebo during
the entire testing period (up to 2 h after conclusion of
the infusion). The peak pain intensity difference between
morphine and placebo was reported at 30 min. At that
time, the VAS of the morphine and placebo treated
groups were 11+ 14 and 38 +9, respectively (data
extracted from figure). Notably, a significant correlation
was found between the magnitude of baseline allodynia
and morphine-induced decrease in allodynia. In another
study of nine patients with central pain due to traumatic
spinal cord injury, alfentanil produced 78% reduction in
the magnitude of allodynia (median; data extracted from
figure) whereas placebo had no effect (Eide et al., 1995).
A similar reduction (70% vs. 0%) was found in the mag-
nitude of wind-up-like pain, produced by repeatedly
pricking the painful area with a von Frey filament (6.65
units) at a rate of 3 pricks per second for 30 s.

The other five trials tested the effects of opioids on
dynamic allodynia in patients with peripheral NP syn-
dromes. In one trial, the intensity and area of strok-
ing-evoked allodynia was reduced by alfentanil in a
concentration-dependent fashion (Leung et al., 2001).
At the highest plasma concentration tested, VAS was
reduced by 69 + 10% with alfentanil treatment vs.
37 + 10% with placebo, and the area was reduced by
68 + 12% vs. 33 4+ 7% accordingly. The effects of alfen-
tanil on allodynia were significantly different from pla-
cebo in patients with PTN in two studies. In one
(Max et al., 1995), mean peak relief (as assessed on a
0-100 VAS pain relief scale) produced by alfentanil
was 57% (no standard deviations provided) vs. 21% by
placebo. In the other (Jorum et al., 2003), the median
endpoint evoked pain intensity following alfentanil
treatment was 1.2 (on a 0-10 scale), and 6.2 following
placebo (data extracted from figure). Two additional tri-
als tested patients with PHN. In one, (Eide et al., 1994)
the median reduction in allodynia after morphine was
40% (extracted from a figure), whereas after placebo
allodynia was increased by 65%. In contrast, wind-up-
like pain was aggravated (median increase, 60%) vs.
no change after placebo. The differences between mor-
phine and placebo were significant for both compari-
sons. In the other trial (Rowbotham et al., 1991),
patients were asked to report if there was a change in
their perception of the painful area, with special atten-
tion as to whether simple touching or mild pressure
evoked pain. Eleven patients experienced either normal-
ization of their aberrant sensation or loss of painful
hypersensitivity following morphine infusion, vs. only
one patient after placebo. Unfortunately, no numerical
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data were provided and it is not clear whether static or
dynamic stimuli were applied in this trial.

Although numerical data related to dynamic allo-
dynia could be extracted from six trials (Table 3), the
heterogeneity of their presentation precluded a formal
meta-analysis. However, these studies uniformly found
that opioids reduce the magnitude of dynamic mechan-
ical allodynia. The effect of opioids on the magnitude of
static mechanical allodynia seems equivocal, and there is
no evidence that mechanical pain thresholds are elevated
by opioids.

3.4. Efficacy: intermediate-term trials

The effect of opioids on evoked pain was studied in
only two intermediate-term trials (Watson and Babul,
1998; Watson et al., 2003). In contrast to the short-term
trials the assessment of evoked pain in both of these tri-
als was based upon patients’ self reports of “skin pain”
rather than upon quantitative testing of specific sensa-
tions. In one trial (Watson et al., 2003) the authors
noted that: “skin pain refers to pain elicited by non-
painful stimulation of the skin but did not specify the
type of stimuli (e.g., heat, cold or mechanical). In the
other trial (Watson and Babul, 1998) the authors also
refer to ““skin pain (allodynia)” and specify that 87%
had mechanical evoked pain, 18% had cold evoked pain,
and 18% warmth evoked pain. In both trials oxycodone
was significantly superior to placebo in reducing evoked
pain. The results of the two trials were combinable for a
meta-analysis that showed that overall mean pain inten-

Table 3
Magnitude of opioids effect on evoked mechanical neuropathic pain

sity was 24 points lower in opioid treated patients than
in those treated with placebo (95% CI —33 to —15;
p <0.00001; Fig. 2).

4. Discussion

The results of the present study are based primarily
upon short-term trials that can be regarded as ‘““feasibil-
ity trials”’. Due to their limited duration these short-term
studies do not provide information regarding the inter-
mediate- or long-term efficacy of opioids for evoked
NP. Only two trials provided more clinically relevant
information because they assessed the effects of opioid
treatment for four weeks. Even a one-month study dura-
tion, however, falls short of what most clinicians would
consider long-term therapy.

The short-term trials show a consistent opioid effect
in reducing the intensity of dynamic mechanical allo-
dynia. From a clinical standpoint, this seems to be
exceedingly important information because rubbing gar-
ments, accidental light touch at a painful site or even
blowing wind are common types of evoked-pain experi-
enced by patients with NP, and likely contribute to the
fear-avoidance behavior well-demonstrated in patients
with chronic pain (Rogers et al., 2000). Furthermore,
the opioid-induced reduction in the magnitude of this
type of allodynia seems to be fairly robust in each of
the short-term trials.

The effects of opioids on other forms of evoked pain
were tested in smaller numbers of trials, and should

Study Number Effect on dynamic mechanical allodynia
Opioids Placebo Opioids Placebo Comments

Short-term trials
Jorum 2003 12 12 1.2 6.2 Endpoint VAS (0-10), median
Attal 2002 15 15 38+9 11+14 Endpoint VAS (0-100), mean + SD
Leung 2001 12 12 69 £+ 10% 37 £ 10% % Reduction, mean + SD
Max 1995 8 8 57% 21% % Reduction, no SD provided
Eide 1995 9 9 78% 0% % Reduction, median
Eide 1994 8 8 60% 0% % Reduction, median

Comparison:  Intermediate-term Efficacy Studies: Treatment vs. Placebo

Outcome: Evoked pain intensity post intervention/placebo

Study Opioid Placebo WMD (fixed) Weight WMD (fixed)

or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% Cl

Watson 1998 38 32.00(27.00) 38 50.00(30.00) —- 46.86 -18.00 [-30.83, -5.17]
Watson 2003 36 14.00(20.00) 36 43.00(31.00) - 53.14 -29.00 [-41.05, -16.95]

Total (95% Cl) 74 74 < 100.00 -23.85 [-32.63, -15.06]

Test for heterogeneity: Chiz = 1.50, df =1 (P = 0.22), I2=33.3%

Test for overall effect: Z = 5.32 (P < 0.00001)

-100 -50 0 50 100
Favors opioid Favors placebo

Fig. 2. Results of the meta-analysis of intermediate-term efficacy. Data presented as mean (95% CI) differences in post-treatment last measured skin

pain (allodynia) intensity (VAS) between active treatment and placebo.
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therefore be interpreted even more cautiously. Nonethe-
less, several observations deserve attention.

First, the response of cold-evoked pain to opioids
depends on the type of the underlying pain syndrome:
both the threshold and the magnitude of cold-evoked
pain that accompanies peripheral syndromes are likely
to be opioid responsive, whereas cold-evoked pain asso-
ciated with central pain syndromes seems less responsive
to opioids. In contrast, the available data, although lim-
ited, secems to show that heat-evoked-pain remains
unchanged following opioid treatment in most patients
with peripheral and central NP. More definitive confir-
mation of this difference would support the proposal
that different mechanisms are involved in the pathogen-
esis of cold and heat-evoked-pain (Treede et al., 2004).

Another important finding of the present systematic
review is that in contrast to the effect of opioids on
dynamic mechanical allodynia, their efficacy in reducing
static mechanical (punctate) allodynia is far less obvi-
ous. Only one trial showed a positive opioid effect on
the intensity of static mechanical allodynia, whereas
two trials that tested the effect of opioids on the thresh-
old, one other trial that tested the effect on the intensity,
and two trials that tested their effect on the area of punc-
tate hyperalgesia were all negative. This possible dis-
crepancy in opioid responsiveness between dynamic
and static allodynia may support previous evidence sug-
gesting that the underlying mechanisms of the two phe-
nomena may differ (Treede and Magerl, 2000).

Whether or not opioids exert differential efficacy for
central vs. peripheral NP is an unresolved question
(Ballantyne and Mao, 2003; Canavero and Bonicalzi,
2003; Dellemijn, 1999; McQuay, 1997; Nicholson,
2004). A recent meta-analysis (Eisenberg et al., in press)
found no consistent evidence to suggest that spontane-
ous central pain is less responsive to opioids than
peripheral NP. Similarly, the present results for evoked
central pain, although based upon two trials only, do
not disclose a difference between the opioid responsive-
ness of central vs. peripheral dynamic mechanical allo-
dynia. In contrast, the intensities of punctuate
hyperalgesia and cold allodynia were reduced by opioids
in a small number of patients with peripheral NP, but
not in patients with central pain. These differences, nota-
bly, are based upon the results of only one central pain
study and cannot be regarded as conclusive. Nonethe-
less, from a practical, clinical standpoint, unless proven
otherwise, there seems to be equal justification for the
use of opioids for both spontaneous and mechanical
evoked NP regardless of whether the origin is peripheral
or central.

Although the results of the short-term trials could not
be quantitatively merged, the meta-analysis of the two
intermediate-term trials supports this finding by show-
ing a 24-point difference in the final values for allodynia
between the opioid and the placebo treated groups. This

difference is similar to that produced by opioids in spon-
taneous NP (Eisenberg et al., in press). This magnitude
of effect seems clinically relevant, in that recent analyses
of data from large randomized clinical trials showed
that patients report a 15-20 point reduction from mod-
erate baseline pain intensity, as meaningful (Farrar
et al., 2000, 2001; Cepeda et al., 2003).

Several shortcomings of this systematic review
should be emphasized. One is that included trials
assessed outcomes using diverse scales and often pre-
sented them in ways that made raw data extraction
inaccurate (e.g., presentation in figures only) or impos-
sible. Therefore, results of most trials could not be
included in our quantitative analysis. The problem of
heterogeneity of outcome measures in the published lit-
erature on pain in general (Carr et al., 2004) and NP in
particular (Stanton-Hicks et al.,, 2002) has been
described, and has compelled systematic reviews of
analgesic interventions to adopt a “best-available evi-
dence” approach (Mailis and Furlan, 2003; McNicol
et al., 2004). Unfortunately, the best available results
of short-term trials published to date do not allow
quantitative conclusions regarding the short-term effi-
cacy of opioids for evoked NP, and in many cases pre-
clude even qualitative conclusions.

Other shortcomings result from the relatively short
duration of the intermediate-term studies, which were
four weeks only, and from the fact that patients with
central NP were not included in either of these studies.
Therefore, we do not have any data on the efficacy of
opioids in the treatment of evoked central NP for longer
than a few hours or on the efficacy of opioids for any
type of evoked NP over a period of months or longer.
We also wish to reemphasize that the small numbers
of patients included in most studies, the variability in
study designs, the variety of opioids used and the dos-
ages administered, in aggregate preclude firm conclu-
sions.

In conclusion, the present review and meta-analysis
suggest that in short-term studies opioids can reduce
the intensity of dynamic mechanical allodynia and per-
haps of cold allodynia in peripheral NP. Insufficient evi-
dence precludes drawing conclusions regarding the
effect of opioids on other forms of evoked NP. Meta-
analysis of intermediate-term studies demonstrates
efficacy of opioids over placebo for evoked NP. These
findings are clinically relevant because dynamic
mechanical allodynia and cold allodynia are the most
prevalent types of evoked pain in NP. Furthermore,
by examining the efficacy of opioids for evoked NP, this
study takes an additional step towards characterizing
the complexity of opioid responsiveness of NP. Further
steps, including longer-term evaluation of larger num-
bers of patients with additional types of NP syndromes
should be undertaken to elucidate the therapeutic role
of opioids for NP.
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Appendix. Search strategy

. pain.sh.

. neuralgia.sh.

. pain, intractable.sh.

. exp Complex Regional Pain Syndromes/

. diabetic neuropathies.sh.

. trigeminal neuralgia.sh.

. exp somatosensory disorders/

. (neuropathic adj2 pain).tw.

. neuralgia.tw.

. complex regional pain syndrome.tw.

. reflex sympathetic dystrophy.tw.

. causalgia.tw.

. post-herpetic neuralgia.tw.

. phantom limb pain.tw.

. allodynia.tw.

.lor2or3or4or5or6or7or8or9orl0orllor

12 or 13 or 14 or 15

17. Narcotics/

18. *“Analgesics, Opioid”/

19. (morphine or buprenorphine or codeine or dextro-
moramide or diphenoxylate or dipipanone or dex-
tropropoxyphene or propoxyphene or diamorphine
or dihydrocodeine or alfentanil or fentanyl or remif-
entanil or meptazinol or methadone or nalbuphine or
oxycodone or papaveretum or pentazocine or meper-
idine or pethidine or phenazocine or hydrocodone or
hydromorphone or levorphanol or oxymorphone or
butorphanol or dezocine or sufentanil or ketobemi-
done).mp. [mp=title, original title, abstract, name
of substance, mesh subject heading]

20. 17 or 18 or 19

21. randomized controlled trial.pt.

22. meta-analysis.pt.

23. controlled-clinical-trial.pt.

24. clinical-trial.pt.

25. random:.ti, ab, sh.

26. (meta-anal: or metaanaly: or meta analy:).ti,ab, sh.

27. ((doubl: or singl:) and blind:).ti,ab, sh.

28. exp clinical trials/

29. crossover.ti, ab, sh.

30. 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29

31. Animals/

32. 16 and 30 and 20

33.32 not 31

0 ~JN nN B WN -

—_— e e e = = =
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