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1. Introduction

Abstract

Complex regional pain syndrome (CRPS) is a disabling pain condition with
sensory, motor and autonomic manifestations. Uncertainty remains about
how CRPS can be effectively managed. We conducted a systematic review
of randomized controlled trials (RCTs) for treatment and prophylactic
interventions for CRPS published during the period 2000-2012, building
on previous work by another group reviewing the period 1966-2000.
Bibliographic database searches identified 173 papers which were filtered
by three reviewers. This process generated 29 trials suitable for further
analysis, each of which was reviewed and scored by two independent
reviewers for methodological quality using a 15-item checklist. A number
of novel and potentially effective treatments were investigated. Analysing
the results from both review periods in combination, there was a steep rise
in the number of published RCTs per review decade. There is evidence for
the efficacy of 10 treatments (3x strong — bisphosphonates, repetitive
transcranial magnetic stimulation and graded motor imagery, 1x moderate
and 6x limited evidence), and against the efficacy of 15 treatments (1x
strong, 1x moderate and x13 limited). The heterogeneity of trialled inter-
ventions and the pilot nature of many trials militate against drawing clear
conclusions about the clinical usefulness of most interventions. This and
the observed phenomenon of excellent responses in CRPS subgroups
would support the case for a network- and multi-centre approach in the
conduct of future clinical trials. Most published trials in CRPS are small
with a short follow-up period, although several novel interventions inves-
tigated from 2000 to 2012 appear promising.

Baron, 2004; Bruehl, 2010; Goebel, 2011; Marinus
etal.,, 2011). It usually arises after trauma to a limb,

Complex regional pain syndrome (CRPS) is the term
given to a group of painful conditions, which has an
incidence of 26/100.000 life years (de Mos et al.,
2007). CRPS is associated with sensory, motor, auto-
nomic, skin and bone abnormalities in a limb
(Veldman etal.,, 1993; Stanton-Hicks etal., 1995;

but without any relation to the severity of the trauma,
and in 10% of cases, no or only very minor trauma is
reported (Veldman et al.,, 1993; de Mos et al., 2009)
The diagnosis of CRPS is based on clinical history,
examination and exclusion of alternative causes. The
recommended ‘Budapest’ diagnostic criteria (Harden
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What’s already known about this topic?

e Systematic review of randomized controlled
trials for treatment and prophylactic interven-
tions for complex regional pain syndrome pub-
lished during the period 2000-2012, building on
previous work by another group reviewing the
period 1966-2000.

What does this study add?

e In this systematic review we have assessed ran-
domized controlled trials (RCTs) published
between 2000 and 2012; we also provide a com-
bined overview of all RCTs (1966-2012), and
present the level of evidence for the reviewed
interventions.

et al.,, 2007) have a diagnostic specificity of 0.69 (see
Table 1). Superseded criteria include the ‘TASP criteria’
with a specificity of 0.36 (Bruehl et al., 1999), and the
‘Veldman’ criteria which were developed in an ortho-
paedic context (Veldman et al., 1993).

A lack of understanding of the underlying patho-
physiology for CRPS contributes to the difficulty in
developing definitive treatments; a large number of
treatments have been investigated (Rowbotham,
2006). This systematic review is a follow-up to an
earlier review of randomized controlled trials (RCTs)
of CRPS treatment published between 1966 and 2000
(Forouzanfar etal., 2002).! Additional systematic
reviews since 2000 have looked at the available evi-
dence for either all or specific treatment methods.
Perez et al. (2010) reviewed trial literature (both RCTs
and other designs) from 1980 to 2005. The authors did
not summarize their review findings but provided
treatment recommendations. Tran de etal. (2010)
recently reviewed RCTs published from January 1950
to April 2009. In this narrative review, conducted
without formal quality scoring, the authors excluded
trials requiring specialist skills or equipment. They
found that ‘only bisphosphonates appear to offer clear
treatment benefits’. Five specific treatments for CRPS
have been reviewed separately: local anaesthetic
blocks (Cepeda et al., 2005), spinal cord stimulation
(SCS) (Taylor, 2006), bisphosphonates (Brunner et al.,
2009), and chemical and surgical sympathectomy
(Straube et al., 2010). In a review of physiotherapeu-
tic methods used in the treatment of CRPS, Daly and
Bialocerkowski (2009) concluded that existing CRPS

'Another comprehensive review had been published 5 years
earlier (W.S. Kingery. Pain 1997 73(2); 123-129).

Systematic review of RCT’s for CRPS

clinical guidelines (Stanton-Hicks et al., 2002; Harden
etal., 2006) on the use of specialized treatment
methods are in general not sufficiently underpinned
by trial evidence. However, they found good evidence
for the use of graded motor imagery (GMI) (Moseley,
2004, 2005, 2006) based on three RCTs from one
research group.

We considered it important to conduct a systematic
review restricted to RCTs which included all suitable
RCTs, and where trial quality would be formally
assessed and scored as had been carried out in the
earlier review (Forouzanfar et al., 2002).We assessed
RCTs published between June 2000 and February
2012 using almost identical methodology as Forouza-
nfar et al.’s. We present our results for this review
period and also provide a summary of findings from
both review periods.

2. Methods

We reviewed RCTs published on either the treatment
or prevention of CRPS from July 2000 to April 2010.?
We subsequently reviewed RCTs published from April
2010 to February 2012. A previous review published
in 2002 (Forouzanfar et al., 2002), which reviewed
RCTs on the treatment and prevention of reflex sym-
pathetic dystrophy and CRPS from 1966 to June 2000,
provided the basis for the review methodology.

Medline (PubMed), SCOPUS, CINAHL, and AMED
bibliographic databases and the Cochrane Central Reg-
ister of Controlled Trials were searched electronically
using combinations of the following indexed search
terms: ‘complex regional pain syndromes’, ‘causalgia’,
‘reflex sympathetic dystrophy’, with ‘therapy’, ‘drug
therapy’, ‘rehabilitation’, ‘prevention and control’,
and limited to ‘randomised controlled trials” and “clini-
cal trials’. All foreign language papers were included,
and translated if necessary. Major European and
American trial registries were searched for unpub-
lished trials completed at least 2 years prior to the end
date for this review.

We included trials that studied patients suffering
from either CRPS I or CRPS II (without/with associ-
ated injury to a major nerve). Trials conducted in
mixed populations of both CRPS and non-CRPS
patients were included if the publication included a
power analysis demonstrating the suitability of a sepa-
rate statistical analysis for the CRPS group.

Three reviewers pre-filtered a third of identified
studies each, according to their randomization

*We included publications which had been published online
by the end date.
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Table 1 Budapest clinical diagnostic criteria.

L. Cossins et al.

All of the following statements must be met:

B The patient has continuing pain which is disproportionate to any inciting event.

W The patient has at least one sign in two or more of the categories below.

B The patient reports at least one symptom in three or more of the categories below?.

B No other diagnosis can better explain the signs and symptoms.

Category Sign/Symptom

1 ‘sensory’
hyperalgesia (to pinprick)

2 ‘vasomotor’

3 ‘sudomotor/oedema’

4 ‘motor/trophic’

Allodynia (pain to light touch and/or temperature sensation and/or deep somatic pressure and/or joint movement) and/or

Temperature asymmetry and/or skin colour changes and/or skin colour asymmetry
Oedema and/or sweating changes and/or sweating asymmetry
Decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes (hair/nail/skin)

2To fulfil Research Diagnostic Criteria, patients must report at least one symptom in all four categories of signs and symptoms.

method. In case of uncertainty, the reviewers con-
ferred with each other. We included only RCTs con-
ducted in adult CRPS. We included trials if they were
described as randomized and the method of random-
ization was appropriate’ (Jadad et al.,, 1996). Other
than in the earlier review (see Table 2), if a trial
was randomized, and the randomization method
was described but was inappropriate, the study was
excluded and the reason was noted. If the study was
described as randomized, but the method of random-
ization was not described, the study was included and
this lack of description was noted in the results (Jadad
et al., 1996). Where necessary, we contacted authors
for clarification.

Then three reviewers (A.G., R.O. L.C.) jointly
investigated the included randomized trials with
regard to their outcome measures. If pain intensity
was measured either as a primary or secondary
outcome using either a numerical rating scale (NRS), a
visual analogue scale (VAS), a verbal rating scale
(VRS) (Dworkin et al., 2005), or a neuropathic pain
scale (NPS) (Galer and Jensen, 1997), or if prevention
of CRPS was the outcome measure, the study was
included. Studies that used only composite outcomes
made up of various primary parameters, e.g., a ‘CRPS
score’ (Kalita et al.,, 2006) without also giving pain
intensity, were excluded (Fig. 1; Supporting Informa-
tion Appendix S1 for a list of excluded trials).

We evaluated the filtered studies for their method-
ological quality by using a 15-item quality checklist
(de Vet et al., 1997) (Supporting Information Appen-
dix S4). Each item was weighted, with a maximum
score of 100. High-quality trials had a score of 50 or

’Randomization was deemed appropriate if it allowed each
patient to have the same chance of receiving each treatment
whereby the investigators could not predict which treatment
was assigned. Therefore, methods of allocation using date of
birth, date of admission, hospital numbers or consecutive
alternation were not appropriate.

greater. Three groups of two reviewers scored the
identified papers and offered comments in some cases.
Scores were agreed between reviewers and any dis-
agreement was settled by a third reviewer. It should be
noted that trials involving active participation, where
blinding is not possible, can only achieve a lower
maximum score of 90/100.

2.1 CRPS subgroups

Where a study was conducted in a subgroup of
patients, this restriction was noted. Some studies in
post-operative settings were conducted predominantly
with patients who had CRPS of recent onset, while
other studies excluded this group. We indicated the
study population as ‘early’ or ‘long-standing’. Study
populations were defined as long-standing CRPS if: (1)
those with 6 months or less disease duration had been
explicitly excluded; or (2) where no cut-off was pro-
vided, the participants’ mean or median disease dura-
tions were longer than 19 and 14 months,
respectively. These two cut-off values (19 and 14
months) were derived from the lowest mean and
median disease duration in those studies, which had
explicitly excluded patients with disease duration of 6
months or less.

2.2 Study classification as ‘positive’ or
‘negative’

Studies were considered to have a positive outcome if
the pain intensity was statistically significantly
reduced, or the CRPS incidence was reduced by the
intervention when compared with placebo, compari-
son treatment or no-treatment control groups.

2.3 Trials of two or more active interventions

If there was no additional placebo/control group, and
no significant difference between active interventions,
these trials were excluded.

160 Eur J Pain 17 (2013) 158-173 © 2012 European Federation of International Association for the Study of Pain Chapters
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Table 2 Differences in trial inclusion criteria between the 2002 review and the current review.

Included in Forouzanfar

Criterion/Study et al. 2002 Included in the current review
Study population
Adults Yes Yes
Children Not addressed No
CRPS | Yes Yes
CRPS I No Yes
Randomization
Randomized Yes Yes
Appropriate randomization method Not addressed Yes
Inappropriate randomization method Not examined No
Randomization, but method not stated Not addressed Yes
Study outcome
Pain scale (NRS, VAS, VRS, NPS) Yes Yes
Composite scores only (NRS/VAS/VRS/NPS pain intensity not reported) Yes No
Non-pain outcome measures only No No
Protocol
Treatment versus placebo/control® Yes Yes
Treatment 1 versus treatment 2, no control Yes No (unless there was a significant difference

between the two treatment outcomes)

NRS, numeric rating scale; VAS, visual analogue scale; VRS, verbal rating scale; NPS, neuropathic pain scale.
aWith either no intervention in control group or some congruent intervention in both the active and control groups.

127 not RCTs, not adults, or

| 173 studies identified mixed populations

iy -
—

| 46 RCTs (in adults)

3 inappropriately randomized
trials:

Kiralp 2004, Shang 2008, Velasco
2009

—

43 RCTs with appropriate
randomization or with no
description of the method of
randomization

8 trials not providing pain
intensity as an outcome, of these
5 non-pain outcomes:

Finch 2009, van Hilten 2000, Kemler
2001, Bolel 2006, Nakipoglu 2008

3 composite outcomes:

Kalita 2006, Perez 2003, Livingstone
2002

!

4 comparisons of 2 active
interventions with no control
and no significant outcome
difference between the active
groups:

van Dieten 2003, Manjunath 2006,
Sahin 2006, van der plas 2011

1 placebo group not analysed:
Collins 2009

1 publication using same
data set included in the 2002
review:

O 2003

<——

35 RCTs with pain
(NRS/VAS/NPS) outcome
measures

il

—

29 suitable RCTs

Figure 1 Flow diagram of the selection of suitable trials. RCT, randomised
controlled trial; NRS, numeric rating scale; NPS, neuropathic pain scale;
VAS, visual analogue scale. The 26 identified and 16 excluded RCTs are
referenced in Supporting Information Appendix S1.

2.4 Levels of evidence

In line with the 2002 review, we used the van Tulder
etal.’s (1997) method to determine the level of evi-
dence for the efficacy of interventions, based on both
trial methodological quality and outcomes (Table 3).

3. Results

173 potentially suitable studies were identified.
Twelve of these were non-English language papers,
ten of which had either an English abstract, or were
written in languages understood by one of the review-
ers, i.e., German, Dutch or French. One paper was
written in Chinese and was translated by an external
agency (Shang et al., 2008) and one paper was written
in Spanish (Rodriguez et al., 2006) and was translated
by a Spanish pain specialist.

Table 3 van Tulder classification of the levels of evidence of interventions
assessed in randomized controlled trials underpinning four levels of
effectiveness.

Level of

effectiveness Evidence required

Strong Multiple high-quality trials

Moderate One high-quality trial + one or more low-quality trials
Limited One high-quality trial or multiple low-quality trials
No evidence One low-quality trial or no relevant trials or

contradictory outcomes

Eur J Pain 17 (2013) 158173 © 2012 European Federation of International Association for the Study of Pain Chapters 161



Systematic review of RCT’s for CRPS

Of the 173 trials, 46 were described as randomized.
Three of these were excluded, because their random-
ization method was inappropriate (Fig. 1). Of the
remaining 43 studies, 8 were excluded because they did
not provide NRS, VAS, VRS or NPS pain intensity
measures, and 8 because they compared two or more
active interventions with no significant outcome differ-
ence, without including a control/placebo group. One
study, which did not analyse the results in the placebo
group, was also excluded, and a further study was also
excluded because a previous publication using the
same data set was included in the 2002 review (Fig. 1).
A search of international trial registries identified one
large trial, completed in 2008, which had not been
published (http://www.clinicaltrials.gov). The trial
assessed treatment with oral lenalidomide, and was
sponsored by Celgene Corporation, NJ, USA. Several
requests for trial data were sent to Celgene but no
response was forthcoming.

3.1 Methodological quality

In all cases, the two reviewers resolved any disagree-
ments by consensus, without resorting to a third
reviewer. Quality scores for the 29 trials are summa-
rized in Supporting Information Appendix S5. Twenty-
three trials (79%) were of high quality (score of 50 or
greater). Trials were usually small; 24/29 trials had <25
patients in each treatment arm. In several cases,
reviewers commented on study quality issues not cap-
tured by the scoring system. These comments are given
in Table 4.

3.2 Diagnosis

All 29 studies required that patients had ‘CRPS’ as
opposed to earlier diagnostic terms. Fourteen trials
used the recently modified ‘Budapest’ diagnostic cri-
teria for CRPS (Bruehl et al., 1999; Manicourt et al.,
2004; Moseley, 2004, 2005; Taskaynatan et al., 2004;
Harden et al., 2007; Fischer et al.,, 2008; Groeneweg
et al.,, 2008; Perez et al., 2008; Cacchio et al., 2009a,b;
Duman et al., 2009; Groeneweg et al., 2009; Schwartz-
man et al., 2009; Sigtermans et al., 2009; Goebel et al.,
2010). Twelve trials used the earlier ‘TASP’ (Interna-
tional Association for the Study of Pain) criteria (Sup-
porting Information Appendix S2) (Merskey and
Bogduk, 1994; Tran et al., 2000; Durmus et al., 2004;
Pleger et al., 2004; Robinson et al., 2004; van de Vusse
et al., 2004; Rodriguez et al., 2006; Carroll et al., 2009;
Munts et al., 2009, 2010; Gustin et al., 2010; Picarelli

“Earlier terms for the ‘Budapest’ criteria were the ‘Bruehl’ or
‘Bruehl-Harden’ criteria.

L. Cossins et al.

etal.,, 2010; Eckmann etal., 2011) In one study
(Kemler et al., 2000), although the older diagnostic
term of ‘Reflex Sympathetic Dystrophy’ (Kozin et al.,
1976) was used, patients fulfilled minimally modified
IASP criteria for CRPS. The remaining two trials used
other criteria, but nonetheless termed the investigated
condition ‘CRPS’: one trial (Zollinger et al., 2007) used
the Veldman criteria (Veldman et al., 1993) (Support-
ing Information Appendix S3) and one trial (Frade
et al., 2005) used other criteria.

3.3 CRPS subgroups

We classified trials according to the disease duration of
included patients. A ‘long-standing CRPS’ trial was
either where patients with = 6 months disease dura-
tion had been excluded, or where participants had >14
months median disease duration, or >19 months mean
duration (Methods section). Twenty of 28 treatment
studies included patients with longstanding CRPS and
8 studies included patients with early CRPS. Some
trials included CRPS subgroups defined by other cri-
teria than disease duration. The trials of oral tadalafil
and topical transdermal isosorbide dinitrate treatment
included only patients who had cold limbs (Groe-
neweg et al., 2008, 2009). Two mirror therapy trials
(Cacchio et al., 2009a,b) included exclusively patients
with post-stroke CRPS. Onme trial was limited to
patients with CRPS-dystonia (Munts etal., 2009).
Additional trials were conducted in groups following
specific trauma, or were restricted to only upper or
lower limbs. Details are given in Table 4.

3.4 Trial design

The 29 included trials evaluated 24 specific interven-
tions® and 1 prophylactic measure. Six studies had a
crossover, the remainder a parallel design. In some
cases, the reviewers registered particular design con-
cerns (Table 4).

3.5 Treatments

Trials assessed 22 treatments not investigated before,
including (in order of publication) SCS, oral gabapen-
tin, intravenous regional block (IVRB) (‘Bier Block’)
with methylprednisolone, oral alendronate, intrave-
nous pamidronate, repetitive transcranial magnetic
stimulation (rTMS; two trials), electromagnetic field
therapy, GMI (two trials), IVRB with parecoxib, intra-

°In some cases, there was more than one trial per treatment:
two trials of mirror therapy, two trials of low-dose ketamine,
two trials of repetitive transcranial magnetic stimulation, two
trials of graded motor imagery.
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venous mannitol, oral tadalafil, occlusal splints, low-
dose intravenous ketamine (two trials), topical
transdermal isosorbide dinitrate, mirror therapy (two
trials), iohexol [prior to lumbar sympathetic block
(LSB) with lignocaine], botulinum toxin to the lumbar
sympathetic chain, intrathecal glycine, low-dose intra-
venous immunoglobulin (IVIG), IVRB lignocaine with
ketorolac, morphine with memantine and intrathecal
methylprednisolone. Three treatments trialled during
this review period had already been trialled before (in
order of publication): stellate/sympathetic ganglion
blockade with local anaesthetic, vitamin C for preven-
tion of CRPS and manual lymphatic drainage; alterna-
tive bisphosphonates had also been investigated.

3.6 Trial outcomes

Of the 22 high-quality and 6 low-quality trials, 13 and
3, respectively, showed a significant effect of treatment
compared with placebo, control (control = either no
intervention, or congruent intervention in both
the active and control groups) or a comparison treat-
ment.® We give a synopsis of individual trials below,
classified according to both outcome (positive vs.
negative) and the type of intervention (drugs, proce-
dures, rehabilitation). Short trial summaries are given
in Table 4.

3.7 Positive trials

3.7.1 Drugs for pain relief (in order of
publication date)

Bisphosphonates: IV pamidronate (60 mg) decreased
pain compared with placebo in a high-quality trial
(Robinson et al., 2004) in patients with mostly long-
standing CRPS. Oral alendronate (40 mg daily for 8
weeks) reduced pain compared with placebo in a high-
quality trial in patients with early CRPS with bone
abnormalities on X-ray or three-phase bone scintigra-
phy (Manicourt et al., 2004).

In an upper limb, enriched group (non-responders
to five stellate blocks with lignocaine and clonidine),
IVRBs with 5 mg of parecoxib, 1 mg/kg lignocaine and
30 g clonidine in 10 mL normal saline, plus systemic
normal saline decreased pain more than either intra-
venous parecoxib (20 mg) with IV regional lidocaine
and clonidine, or a control group (as the first inter-
vention group, but without parecoxib), in a high-
quality trial in long-standing CRPS (Frade etal,

®One trial was for a prophylactic intervention, not treatment
(Zollinger et al., 2007), giving 29 trials in total.

L. Cossins et al.

2005). Blocks were given once a week for 3 weeks.
The study had very small comparison groups and the
reviewers had reservations about the study protocol
(the rationale for combining parecoxib, lignocaine and
clonidine), and the definition of the primary outcome
(a positive result was only seen in week 3, but this had
not been pre-specified; several parallel analyses for
primary outcomes were performed).

Oral tadalafil (20 mg daily for 12 weeks) signifi-
cantly reduced pain, which was a secondary outcome,
compared with placebo in patients with CRPS of long-
standing duration and a stably cold limb, in a high-
quality trial (Groeneweg et al., 2008).

IV infusion of low-dose ketamine (4.5 days of con-
tinuous treatment or 10 consecutive working days of
outpatient treatment) significantly reduced pain com-
pared with placebo in one high-quality (Sigtermans
et al., 2009) and one low-quality trial (Schwartzman
etal.,, 2009) in long-standing CRPS. The reviewers
noted that in the Schwartzman paper the primary
outcome had not been defined.

In a small low-quality trial in long-standing CRPS, a
lumber sympathetic block with combined 0.5% bupi-
vacaine (10 mL) and botulinum toxin (75 U) provided
longer pain relief than bupivacaine only in an
enriched population of earlier responders to a block
with bupivacaine (Carroll et al., 2009).

In a small high-quality trial, a single application of
low-dose (0.5 g/kg) IVIG significantly reduced pain
compared with placebo in long-standing CRPS
(Goebel et al., 2010).

A small high-quality trial compared morphine
(titrated from 10 mg OD (once daily) to 10 mg TDS
(three times daily) over the first 5 days, then contin-
ued as 10 mg TDS for an additional 51 days) plus oral
memantine (titrated from 5 mg OD to 20 mg BD
(twice a day) from day 8 over 15 days, then main-
tained at 20 mg BD for additional 34 days) with mor-
phine and placebo. Morphine with memantine was
more effective than morphine and placebo in long-
standing CRPS (Gustin et al., 2010)

3.7.2 Procedures for pain relief

SCS significantly reduced pain and improved quality
of life, but did not improve function, up to 2 years
after implantation, in a high-quality trial in long-
standing CRPS (Kemler etal., 2000, 2004, 2006).
From 3 years after implantation, the difference
between the intervention and control groups was lost
(Kemler et al., 2008).

rTMS decreased pain compared with placebo in a
small high-quality trial in long-standing CRPS (Pleger
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et al., 2004). A series of 10 rTMS (10 Hz) applications
each lasting 1.2 s provided pain relief from 30 s after
stimulation lasting for 45 min; the maximum effect
was found at 15 min after stimulation. A second high-
quality trial compared rTMS (10 Hz, 1/day for 10 days)
with sham rTMS as an add-on therapy in long-
standing CRPS. rTMS was more effective than sham
r'TMS. However, this effect did not persist at 1 week or
3 months (Picarelli et al., 2010).

3.7.3 Physiotherapy/rehabilitation interventions

In two high-quality studies in long-standing CRPS
(Moseley, 2004, 2005) restricted to patients after wrist
fracture, a physiotherapy intervention ‘Graded Motor
Imagery’ decreased pain significantly compared with
either control or another active treatment. Both trials
were conducted in the same single-centre setting.
Another physiotherapy intervention, ‘Mirror
Therapy’, decreased pain compared with placebo in
early CRPS after stroke in a high-quality trial (Cacchio
etal.,, 2009a); in a low-quality trial, mirror therapy
reduced pain more than mental imagery in long-
standing CRPS after stroke (Cacchio et al., 2009b).

3.7.4 Trials for prevention of CRPS

Vitamin C (200 mg/500 mg/1500 mg for 50 days)
reduced the incidence of CRPS in a high-quality trial
in patients after wrist fractures (Zollinger et al., 2007).
Reviewers noted an insufficient description of patient
selection criteria for this trial.

3.8 Negative trials

3.8.1 Drugs for pain relief

In a low-quality trial in long-standing CRPS, which
investigated the administration of iohexol, prior to
LSB with lidocaine, the primary hypothesis was that
iohexol would worsen outcome (Tran et al., 2000).
There was however an unexpected improvement in
outcome. The authors conclude that iohexol will not
compromise LSB efficacy. The trial used an enriched
patient group of responders to either intravenous
phentolamine or LSB. The reviewers noted concern
about the trial interventions (LSBs should not be
performed without contrast), and the post hoc nature
of the findings (the trial had not been set up to prove
efficacy, but rather to elicit a side effect of iohexol).
In a high-quality trial, intermediate-dose gabapen-
tin (1800 mg) given over 3 weeks did not significantly
reduce pain compared with placebo in long-standing
CRPS (van de Vusse et al., 2004). The reviewers noted

Systematic review of RCT’s for CRPS

that this gabapentin dose is lower than that frequently
recommended for the treatment of neuropathic pain
(NICE, 2010).

Three IVRBs of 40 mg methylprednisolone in 10 mL
of 2% lidocaine, given as one block per week for 3
weeks, were no more effective than saline blocks in a
low-quality trial in early CRPS (Taskaynatan et al.,
2004).

In an enriched patient group (>50% pain relief to a
single stellate ganglion block), the addition of a series
of five stellate ganglion blockades over 1 month to a
combination of oral drug therapy and physiotherapy
did not significantly reduce pain 1 month after the last
injection, as compared with the combination therapy
without injections, in a high-quality trial in early
CRPS (Rodriguez et al., 2006).

IV mannitol (1 L of 10% solution over 4 h each day)
given for 5 consecutive days was not effective for pain
relief measured against placebo in a high-quality trial
in early CRPS (Perez et al., 2008).

In long-standing CRPS with dystonia, intrathecal
glycine given as a continuous infusion through a
pump, following an up-titration protocol (maximum
daily dose of 32 mg in 24 h), over 4 weeks, was not
effective compared with intrathecal placebo in reduc-
ing pain and dystonia in a high-quality trial (Munts
et al., 2009).

In long-standing cold CRPS topical transdermal isos-
orbide nitrate was not effective, compared with
placebo, for pain relief in a high-quality trial (Groe-
neweg et al., 2009).

A single bolus administration of 60 mg intrathecal
methylprednisolone was not more effective than
placebo in a high-quality trial in long-standing CRPS
(Munts et al., 2010).

In a small pilot study of high quality, in early
lower limb CRPS, IVRB lignocaine (50 mL 0.5%),
either alone or together with ketorolac (x4 injections
of no ketorolac, 30, 60 or 120 mg ketorolac, 1 week
apart, in random sequence), was compared. None of
the ketorolac doses were effective to reduce pain 1
week after the respective injection when compared
with the lignocaine injection (primary outcome).
There was some short-term pain relief 1 day after
injection in the pooled ketorolac group (Eckmann
etal., 2011).

3.8.2 Procedures for pain relief

Electromagnetic field therapy, administered five times
per week for 6 weeks with co-administration of 100 U
of both intramuscular calcitonin (daily for 3 weeks
and then once every other day for the next 3 weeks),
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and exercise, was ineffective for pain relief in a high-
quality trial, compared with calcitonin and exercise
with sham electromagnetic field therapy in early CRPS
(Durmus et al., 2004).

Occlusal splints were not effective in reducing pain
in long-standing CRPS in a high-quality proof-of-
concept trial (Fischer et al., 2008).

Manual lymphatic drainage did not reduce pain in a
low-quality trial in early CRPS (Duman et al., 2009).

3.9 Levels of effectiveness for the investigated
interventions (van Tulder method, Table 3)

3.9.1 Strong evidence

Physiotherapy/rehabilitation  interventions taken
together show strong evidence of effectiveness. Of the
specific physiotherapy interventions investigated, GMI
has strong evidence of effectiveness in CRPS. This evi-
dence is based on two high-quality trials (Moseley,
2004, 2005). Both trials were restricted to patients after
non-complicated wrist fractures. The reviewers note
that GMI is a complex intervention (Paterson et al.,
2009; Bennett and Closs, 2010), and that this grading
result should be considered with caution until confir-
matory trials from other groups are available. There is
moderate evidence for the effectiveness of mirror
therapy in patients with CRPS post stroke, based on two
trials (Cacchio et al., 2009a,b) with differing disease
durations (early CRPS/long-standing CRPS).

There is strong evidence for the efficacy of bisphos-
phonates, with one high-quality trial for IV pamidr-
onate and one high-quality trial for oral alendronate.
Oral alendronate at the trialled high dose is not recom-
mended for use in some countries (BNF, 2011). The
trials differed for included disease duration (long-
standing vs. early CRPS) and additional patient charac-
teristics (patients without vs. with confirmed bone
abnormalities).

There is strong evidence for the effectiveness of
rTMS in two high-quality trials in long-standing CRPS.
(Pleger et al., 2004; Picarelli et al., 2010)

3.9.2 Moderate evidence

The review found moderate evidence for the efficacy of
low-dose IV ketamine infusion in long-standing CRPS
(Schwartzman et al., 2009; Sigtermans et al., 2009).

3.9.3 Limited evidence

There was limited evidence for the efficacy of oral
tadalafil, low-dose IVIG, SCS and combined morphine
with memantine in long-standing upper limb CRPS

L. Cossins et al.

(Gustin et al.,, 2010), based on one positive high-
quality trial in each case. The SCS trial was the only trial
in this review period with more than 50 patients per
treatment arm and a follow-up period of over 1 year.

3.10 Comparison between trials evaluated in
1966-2000 and 2000-2012

The 2002 and current reviews were conducted over
consecutive episodes (1966-2000 and 2000-2012)
using similar methodology. A summary of results from
the Forouzanfar review is provided in Supporting
Information Appendix S6. The evidence for interven-
tions trialled during both periods is given in the fol-
lowing chapter. Supporting Information Appendix S7
provides an overview of all interventions trialled from
1966 to 2012, classified according to study outcomes,
and including details about study populations and
methodology scores.

3.11 Treatments trialled in both review periods
(1966-2000 and 2000-2012)

Four high-quality trials with positive outcomes for
bisphosphonates, oral alendronate (Manicourt et al.,
2004), IV alendronate (Adami et al., 1997), IV pamidr-
onate (Robinson et al., 2004), IV clodronate (Varenna
et al., 2000), indicate their efficacy. These four trials
were of three different substances using two different
routes of administration, thus while there is strong
evidence when combining these results, there is only
limited evidence for each specific treatment. In three of
these trials, only patients with bone abnormalities on
X-ray and/or bone scintigraphy were included: Mani-
court et al., Adami et al. and Varenna et al.

Two high-quality trials of sympathetic ganglion
blockade with lidocaine had conflicting outcomes
(Price et al., 1998; Rodriguez et al., 2006), see also
Discussion section. Of note, the first study was con-
ducted in long-standing CRPS, the second in early
CRPS.

One low-quality trial (Duman et al., 2009) and one
high-quality trial (Uher et al., 2000) of manual lym-
phatic drainage with negative outcomes indicate a
moderate level of non-effectiveness of this treatment.”

Six trials of various physiotherapy/rehabilitation
interventions were conducted, and all were positive:

In the Uher et al. (2000) study, manual lymphatic drainage
(MLD) together with exercise three times a week for 6 weeks
was compared with exercise three times a week for 6 weeks
only. In the Duman et al. (2009) study, MLD together with
non-steroidal anti-inflammatory drugs (NSAIDs), physio-
therapy (PT) and exercise for 3 weeks was compared with
NSAIDs, PT and exercise only.
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GMI (positive n = 2), mirror therapy (positive n = 2),
qgigong (positive) (Wu et al.,, 1999) and ‘traditional’
physiotherapy (which included information, practical
advice and support; relaxation exercises; rest; connec-
tive tissue massage; transcutaneous electrical nerve
stimulation; exercises to reduce pain; compensatory
activities;  instructions about body position®)/
occupational therapy’ (positive) (Oerlemans et al.,
2000). The reviewers note that these heterogeneous
interventions may have different modes of action.

4. Discussion and conclusions

We conducted a systematic review of the evidence
from RCTs for the treatment or prevention of CRPS
published between 2000 and 2012. We found that the
evidence was generally weak. Few trials had assessed
the same intervention (except GMI, mirror therapy
and low-dose intravenous ketamine), and only one
trial had more than 50 participants per treatment arm.

An earlier review of trials published between 1966
and 2000 had used a similar methodology as our review
(Forouzanfar et al., 2002), thus comparison between,
and combined assessment of these results is possible.
We did not re-review these earlier trials as this would
have been superfluous. When compared with results
over the most recent two decades included in the
earlier review, there has been a dramaticincrease in the
number of published trials per decade (1980-1989: 7
trials; 1990-1999: 17 trials; 2000-2009: 28 trials; 2010—
2012: 5 trials). We note a trend away from trials on
either local or regional percutaneous application of
drugs from 17/28 trials (61%) in the earlier period to
12/29 trials (41.4%) in this review period. There has
also been a statistically significant increase in the
number of trials in populations with long-standing
CRPS from 7/19' trials (37%) in the earlier period to
21/28 trials (75%) in this review period [p=0.02
(Fisher exact test)].

8Description of treatments was taken from Oerlemans et al.
(2003), Ned Tijdschr Fysiother; 113(5):15-19, which analy-
sed the same data set as Oerlemans et al., 2000.

’Including splint treatment to reduce inflammation or
provide support; treatment to normalize sensibility, improve
functional ability through activity, improve independence of
daily living by teaching patients to perform activities differ-
ently or with advice about aids and devices.

°0f the 26 trials in the earlier review period, 12 trials were in
early CRPS, 7 in long-standing CRPS, and 7 trials were
excluded for this analysis: in 5 the disease duration was not
given and 2 trials were for prevention of CRPS. Of the 26 trials
included from the current review period, 1 trial was excluded
from this analysis: this trial was for prevention of CRPS.

Systematic review of RCT’s for CRPS

The combined evidence can be summarized as
follows. (1) There is strong evidence (six RCTs) that
rehabilitation/physiotherapy interventions can reduce
pain and improve function for people with CRPS;
however, the specific methods varied across trials, and
the evidence for each of these methods in isolation is
unsatisfactory. The (formally strong) evidence from
two positive high-quality trials of GMI (see also Daly
and Bialocerkowsky, 2009), a complex physiotherapy
intervention, warrants cautious interpretation,
because in successful single-centre trials of complex
interventions the specific effective ingredient can be
difficult to discern (Paterson et al., 2009; Bennett and
Closs, 2010). (2) There is strong evidence (four RCTs)
for the use of bisphosphonate therapy. Of note, three of
these trials were conducted in patients with <6 months
duration which have regional bone changes as assessed
by X-ray or bone scintigraphy. Long-term follow-up
studies are missing, so that the requirement for repeat
dosing is not established. The four trials had examined
heterogeneous bisphosphonate preparations and had
also used differing outcome measures. Nevertheless,
the ubiquitously positive results suggest that the pur-
ported bisphosphonate targets, including osteoclasts
and immune cells, may importantly contribute to
causing CRPS (Drake et al.,, 2008). Although all four
bisphosphonate trials were positive, it remains
unknown whether the three specific drugs (clodronate,
alendronate, pamidronate) or newer bisphosphonates
(Russell, 2011) can be used interchangeably. (3) rTMS
(two RCTs) was effective in two small trials, indicating
that in CRPS, as in other painful conditions, direct
modulation of cortical excitability can reduce pain
(Picarelli et al., 2010). Treatment effects did not outlast
application intervals, and further studies will be
required to explore whether this method is feasible for
application in clinical practice. (4) There is moderate
evidence (two RCTs) for the efficacy of low-dose intra-
venous ketamine treatment; the interpretation of these
results has recently been made more complicated by
reports about incidences of liver failure with prolonged
or repeated treatment (Noppers et al., 2011). However,
both groups of patients had profound pain relief while
the drug was applied, which reverted back to normal
more slowly than the short ketamine half-life would
have demanded; low-dose ketamine is understood to
relieve pain through modulation at spinal cord NMDA
receptors, and these results indicate a crucial role of
central sensitization in sustaining CRPS pain (Latremo-
liere and Woolf, 2009). (5) There is strong evidence
(four RCTs) suggesting that intravenous regional sym-
pathetic blocks (IVRSBs) with guanethidine are no
more effective than IVRSBs with normal saline or
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lidocaine. (6) There is moderate evidence (two RCTs)
for the non-efficacy of manual lymphatic drainage in
early CRPS. (7) There is moderate evidence (two RCTs)
for the efficacy of vitamin C to prevent CRPS after
dorsal radius fracture. (8) There is limited evidence
from one trial in each case for the efficacy of additional
interventions (Supporting Information Appendix S7),
and finally, (9) among the latter interventions, one trial
that stands out because of its large size and long
follow-up period suggests that SCS treatment can
reduce pain for 2 to 3 years after implantation. (10)
The evidence for local anaesthetic blockade of sympa-
thetic ganglia in adults comes from two trials: one
positive and one negative. The positive trial by Price
etal. (reviewed in 2002) and the negative trial by
Rodriguez (published in our review period) taken
together provide limited evidence for the idea that
although pain may be truly responsive to local anaes-
thetic injection to sympathetic ganglia, repeat injec-
tions at weekly intervals may not meaningfully hasten
recovery; it remains unknown whether the time-
limited pain relief obtained after such injections pro-
vides clinically meaningful benefit and/or whether
more permanent interventions such as sympathecto-
mies (Straube et al., 2010) could provide longer lasting
relief.

Both reviews have assessed published trials. The
risk for publication bias in systematic reviews is well
documented: negative trials tend to be less published
(PLoS Medical Editors, 2011), but mandatory registra-
tion should lessen this risk (De Angelis et al., 2004).
For the current review, we searched the largest Euro-
pean and American trial registries. We found only one
registered and recently completed, but not published,
trial suggesting that publication bias may have been
limited; however, trials conducted without intent to
publish do not need to be registered and may have
been missed. A recent consensus statement recom-
mends that in trials in chronic pain, pain intensity
should generally be the primary outcome (Dworkin
etal., 2005). Our review has focused on assessing
trials reporting pain intensity as either a primary or a
secondary outcome. Additional trials have assessed
the efficacy of interventions for the relief of CRPS-
associated symptoms such as dystonia and allodynia,
but not pain (Supporting Information Appendix S1),
and a number of trials reported only composite out-
comes, without separately reporting pain intensity.
We excluded these latter two categories because we
were concerned that trial results would be difficult to
interpret; we cannot exclude the possibility that some
of these interventions could be effective for relieving
pain.
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As in the 2002 review, we accepted evidence only
from RCTs. It was not the purpose of this review to
provide treatment recommendations, nor to claim that
only interventions, for which RCT evidence exists,
should be used in the treatment of CRPS. Further, it
should be noted that the here-reviewed trials had
small sample sizes, indicating a degree of imprecision
about any estimates of effect sizes for these trials, and
thus also about the classification of trials into ‘positive’
and ‘negative’. Further, the classification into high-
quality (50 points and higher) and low-quality studies
was retained to provide a coherent framework
between the current review and the earlier review;
however, the utility of using this specific cut-off point
should be viewed with some caution, as by using this
threshold, some studies which had substantial limita-
tions (Table 4) were classified as high quality, but
should probably be termed low quality. Because of the
limited availability of RCTs in CRPS, treatment recom-
mendations need to be based additionally on non-RCT
evidence: consideration of only RCT evidence would
exclude drugs for neuropathic pain, or cognitive
behavioural treatments, which would not be desirable.
Of note, however, given the benign natural course of
early CRPS (de Mos et al.,, 2009), positive trial out-
comes derived from sources other than RCTs should
not yield useful efficacy information'! in this popula-
tion. An additional limitation of our review is that it
focuses on reviewing pain outcomes, while not assess-
ing functional data. Most trials were short and func-
tional measures, if used, varied widely (not shown). A
systematic review of functional trial outcomes would
appear valuable.

In summary, the level of available evidence from
RCTs for the efficacy of medical intervention to relive
pain for people with CRPS remains overall unsatisfac-
tory. No evidence exists (positive or negative) for the
efficacy of drugs recommended for the treatment of
neuropathic pain, including opioids, antidepressants
and gabapentinoids at recommended doses. Novel
treatments have recently been effective in small RCTs,
providing hope for an advance in clinical management
over the coming decade. Confirmatory trials require
larger patient groups, with longer follow-up periods.
Some of these novel interventions appear to work
in subgroups of patients only, so that innovative
methods to identify responders are also important.
Since CRPS is uncommon (de Mos etal., 2007),

"In this group, negative results (outcome compared with
baseline) from well-conducted non-RCT trials may provide
usable information.
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network and multi-centre studies should facilitate
more effective research.
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