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Abstract

Complex regional pain syndrome (CRPS) is a debilitat-
ing pathology characterised by intense chronic pain as-
sociated with vasomotor, sensory and motor dysfunc-
tion of the affected limb. Although the pathophysiology
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of CRPS is not fully understood, it is recognised that
inflammatory processes and autonomic dysfunction are
involved. These processes are associated with peripher-
al and central sensitisation as well as changes in brain
structure and function, and are reflected in the clini-
cal presentation of CRPS. CRPS management requires
an interdisciplinary team and requires the therapeutic
approach to be individualised. With regard to pharma-
cological treatment, bisphosphonates, corticosteroids,
ketamine and anticonvulsants have been demonstrated
to be effective for CRPS management. Psychotherapy,
including cognitive-behavioural therapy, has produced
promising results but more studies are needed to con-
firm its efficacy. Among rehabilitation interventions,
there is evidence of the efficacy of physiotherapy and
occupational therapy in diminishing CRPS symptoms
and achieving a higher level of functioning. In this re-
gard, the rehabilitation modality that seems the most
promising according to the actual literature is graded
motor imagery, which can help to reverse the maladap-
tive neuroplasticity occurring in CRPS.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Complex regional pain syndrome (CRPS) in-
volves a complex pathophysiology including sensory,
motor and autonomic disturbances that causes func-
tional disability and reduced quality of life. The man-
agement of CRPS remains challenging for health care
professionals. This review provides a summary of the
recent literature on CRPS pathophysiology and man-
agement. The potential mechanisms of effective inter-
ventions are also discussed.
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INTRODUCTION

Initially known as causalgia, complex regional pain syn-
drome (CRPS) was reported for the first time in 1865
during the American Civil War in soldiers who were af-
fected by neurologic injuriesm. In the early 20" century,
CRPS was known as Sudeck’s atrophy, after the German
surgeon Sudeck™, who observed similar clinical features
among patients who suffered from orthopaedic injuries
without neurologic disorders. Later, CRPS was described
as reflex sympathetic dystrophy because it was believed to
be caused by an overactive sympathetic nervous system
(SNS). The progressive advancement of the knowledge
on CRPS pathophysiology led to several additional termi-
nology changes over the years, during which CRPS was
referred to as algodystrophy, algoneurodystrophy, neuro-
dystrophy or shouldet-hand syndrome (because of distal
symptoms expanding proximally)”. The current term,
CRPS, was adopted in 1994 by the International Associa-
tion for the Study of Pain (IASP)".

CRPS is a pathological condition characterised by
chronic pain for which the duration and intensity are
disproportional relative to the trigger event, which is
frequently a trauma to the upper or lower limb". This
painful disorder includes sensory, autonomic and mo-
tor disturbances'®, which cause functional disability and
a reduced quality of life”. The literature reports two
types of CRPS, depending on whether it is associated
with nerve damage or not; CRPS-1: no nerve damage,
formerly known as reflex sympathetic dystrophy, and
CRPS-2: with nerve damage, formetly known as causal-
giaH’m]. However, it should be noted that there is no evi-
dence supporting that the physiopathology, the therapeu-
tic response, or the clinical presentation differ between
both types of CRpPS"'. Accordingly, a bone fracture
or a surgery often causes damage to small nerve fibres,
but most CRPS diagnosed after a fracture are classified
as CRPS-1">"), Nevertheless, the distinction between
CRPS-1 and CRPS-2 will be made in this review, when
possible, in accordance with the IASP gujdelinesw. Be-
cause our understanding of CRPS pathophysiology and
the therapeutic approaches to treat CRPS have changed
considerably over the past few years, this review will sum-
marise the available literature on the pathophysiology, di-
agnostic criteria and the evidence-based approach to treat

CRPS.

DIAGNOSIS AND PATHOPHYSIOLOGY

Diagnostic criteria

The diagnosis of CRPS is based on the clinical examina-
tion with the observation of physical signs and symp-
toms. To date, there is no biomarker or “gold standard”
to confirm CRPS"". The first diagnostic criteria for
CRPS were established by the IASP in 1994. Table 1
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Table 1 Orlando (International Association for the Study of

Pain) criteria for complex regional pain syndrome

Criteria 1 The presence of an initiating noxious event or a cause
of immobilisation

Criteria 2 Continuing pain, allodynia, or hyperalgesia with which
the pain is disproportionate to any inciting event

Criteria 3 Evidence at some time of oedema, changes in skin
blood flow, or abnormal sudomotor activity in the
region of pain (can be sign or symptom)

Criteria 4 This diagnosis is excluded by the existence of other

conditions that would otherwise account for the degree
of pain and dysfunction

Table adapted from Merksey et al™.

Table 2 Budapest clinical diagnostic criteria for complex

regional pain syndrome

Criteria 1 Continuing pain, which is disproportionate to any
inciting event

Criteria 2 Must report at least one symptom in three of the four
following categories:

Sensory: reports of hyperesthesia and/or allodynia
Vasomotor: reports of temperature asymmetry and/or
skin colour changes and/ or skin colour asymmetry
Sudomotor/oedema: reports of oedema and/or
sweating changes and/ or sweating asymmetry
Motor/trophic: reports of decreased range of motion
and/or motor dysfunction (weakness, tremor,
dystonia) and/or trophic changes (hair, nail, skin)
Criteria 3 Must display at least one sign at time of evaluation in
two or more of the following categories:

Sensory: evidence of hyperalgesia (to pinprick)
and/or allodynia (to light touch and/or deep somatic
pressure and/ or joint movement)

Vasomotor: evidence of temperature asymmetry and/
or skin colour changes and/or asymmetry
Sudomotor/oedema: evidence of oedema and/or
sweating changes and/or sweating asymmetry
Motor/ trophic: evidence of decreased range of motion
and/or motor dysfunction (weakness, tremor,
dystonia) and/or trophic changes (hair, nail, skin)
There is no other diagnostic that better explains the
signs and symptoms

Criteria 4

Table adapted from Harden et al™.

describes these criteria, which are referred to as the Or-
lando criteria. Although their sensitivity was high (98%),
their specificity was poor (36%), resulting in a fairly small
number of correct diagnoses'”.

More recently, a modified version of these criteria
has been proposed to achieve a better specificity and
to improve the efficacy of CRPS diagnosis, by adding
more features of CRPS. Table 2 describes the Budapest
Criteria, which have been validated"”. The use of dif-
ferent criteria across studies leads to variable results and
makes the between-study comparisons difficult”. The
Budapest criteria are used for both CRPS-1 and CRPS-2.
The method used to distinguish CRPS-1 from CRPS-2
is the absence (CRPS-1) or the presence (CRPS-2) of
nerve damage. To date however, there is no standardised
procedure to detect the presence or absence of nerve
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damage“’w‘. Thus, the distinction relies on clinical judg-
ment that may be supported by diagnostic examinations
such as electromyography with nerve conduction tests or
surgical exploration.

EPIDEMIOLOGY

Although epidemiological studies on CRPS are scarce
and limited, this is not surprising given that CRPS is re-
ported to be a relatively rare disease. According to a pop-
ulation-based study conducted in the Olmsted County of
Minnesota, the incidence of CRPS-1 has been estimated
to be 5.46 cases/100000 per year in the United States™,
The results from another study conducted more recently
in the Netherlands estimated the incidence of CRPS to
be approximately 26.2 cases/100000 per yearm. This
discrepancy has been attributed to differences in popula-

tion characteristics, such as ethnicity and socio-economic
factors, as well as methodological differences (inclusion
criteria based on the retrospective use of the IASP crite-
ria onlym vs the use of the IASP criteria or the opinion
of a general practitionerm). In addition, the authors of
the study conducted on the Netherlands population did
not clearly state if they included only CRPS-1 ot both
types of CRPS patients, which may also contribute to the
higher incidence reported in that study. The prevalence
of CRPS-1 has been estimated to be 20.57 cases/100000
in the United States™ and the number of new cases per
year is expected to range between 20000 and 80000"?. To
date, no other large population-based study is available.
Nevertheless, it is generally accepted that CRPS-1 is more
common than CRPS-2".

Previous studies suggest the existence of risk factors
for developing CRPS. In terms of demographic charac-
teristics of the most commonly affected patients, women
are two to three times more likely to develop CRPS than
men and most CRPS cases among women occur after
menopausem. Accordingly, some authors have suggested
that hormonal factors may be involved in the pathophysi-
ology of the disease”"*. Women with menstrual cycle-
related problems and osteoporosis would be more likely
to develop CRPS after a trauma’ . However, results of a
population-based case-control study including 53 CRPS
patients and 58 controls did not find any association
between the development of CRPS and oestrogen expo-
sure, but this finding may be related to the low statistical
power of the studym]. Although it can affect people of
all ages, CRPS is more likely to develop between 40 and
60 years old® with a mean age of 53 years old at the
time of the diagnosis[zm. This finding is consistent with
the prevalence of chronic pain in general, which peaks
in middle agem’zm. Suffering from migraine is also con-
sidered a risk factor to developing CRPS, in accordance
with the similar physiopathological processes between the
conditions, such as neurogenic inflammation™.

The development of CRPS follows a minor injury to
the upper limb twice as frequently compared with a lower
limb injury™**"", The most common triggering event is
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recent prospective multicentre cohort study conducted
on 596 patients estimated the incidence of CRPS-1 after
a distal radius fracture to be approximately 14%". Based
on the Budapest CRPS criteria | the general incidence
rate for developing CRPS-1 after a fracture would be 7%,
However, depending on the diagnostic criteria and the
CRPS features (CRPS-1 »s CRPS-2, upper limb #s lower
limb, surgical complications, association with another
diagnosis, ez.), the incidence rate of CRPS after a frac-
ture ranges from 0.9% to 51%, regardless of the loca-
tion”* . Immobilisation of the hand or the upper ex-
tremity after any trauma is considered an important risk
factor for the development of CRPS"". To a lesser ex-
tent, other types of injury may also be a trigger event for
developing CRPS. CRPS can occur after a central lesion
such as stroke or can develop spontaneously in a small
proportion of cases (less than 50)" 24 Tt has been
suggested that psychological factors may constitute risk
factors for the development of CRPS™™* but this theory
is no longer supported" ", For instance, a group of
authors conducted a multicentre prospective study in-
cluding 596 patients with an upper limb fracture, in which
they examined the relationship between the development
of CRPS-1 and several psychological factors, such as ago-
raphobia, depression, somatisation, interpersonal sensitiv-
ity and insomnia. The study revealed that none of these
factors was significantly associated with the development
of CRPS". The lack of association between psychologi-
cal factors and CRPS is also corroborated by the results
of a systematic review including 31 articles™ and also by
previous prospective studies™™” and a large retrospective
case-control study including 186 CRPS patients and 697
controls matched for age, sex and trauma™. Thus, the
psychological symptoms reported by CRPS patients are
thought to be a consequence of disability and chronic
pain itself, rather than being a predisposing factor******,
Otherwise, some authors suggest a genetic predisposition
to developing CRPS®", but larger studies are required
to establish clearer patterns of inheritance. Finally, the
severity of the triggering event is not considered as a risk
factor in the development of CRPS"*",

PATHOPHYSIOLOGY
Although the pathophysiology of CRPS is not completely

understood at this time, it is generally accepted that it
[11]

involves several mechanisms' ', including an alteration
of the central nervous system (CNS)[ZS’M]. According to
the authors of a recent review, physiological reactions
to the initiating injury would lead to disturbances of in-
flammatory processes and autonomic function”. These
pathological processes would, in turn, lead to maladaptive
neuroplasticity“zl, such as peripheral and central sensitisa-
tion. Each of these processes may appear concurrently or
sequentially and is related to specific signs and symptoms
observable during the evolution of the disease, which will
be described below. There is also some evidence that the
relative contribution of each mechanism to CRPS differs
from one patient to another and also differs at different
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time points in the course of the disease™

Inflammatory component

Relatively recent theories suggest that the pathophysiol-
ogy of CRPS is linked to disturbances of neurogenic
inflammatory processes'' >, including higher plasma
levels of bradykinin®™, increased systemic levels of neu-
ropeptides[41’55], such as calcitonin gene-related peptides,
and the release of pro-inflammatory cytokines such as
tumour necrosis factor-a™ or interleukin-6"". Tt has
also been found that patients with chronic pain may have
lower endogenous anti-inflammatory activity™. Accord-
ingly, a recent meta-analysis conducted on 15 studies re-
vealed that CRPS is associated with a predominantly pro-
inflammatory state, with different inflammatory profiles
in the acute #s the chronic stage of the disease™. These
findings are consistent with the vasodilation, oedema,
increased sweatingw’ss] and the hyperalgesia observed
in the acute stage of CRPS"™!, These findings are also
in agreement with a recent systematic review showing
that corticosteroids improve the signs and symptoms of
CRPS-1""". Proinflammmatory cytokines and neuropep-
tides may also be involved in peripheral sensitisation ",
Therefore, there is clear evidence that disturbances in
neurogenic inflammatory processes are implicated in the

pathophysiology of CRPS.

Involvement of the SNS

In addition to the inflammatory processes, alteration of
the SNS has been proposed to contribute to the patho-
physiology of CRPS. To explain the autonomic features,
such as a cool and bluish limb, it was thought that CRPS
was caused by a reflex vasoconstriction, reflecting post-
traumatic SNS hyperactivity™". However, this hypothesis
is no longer supported, in spite of the involvement of
the SNS in CRPS'*. It is now recognised that SNS ac-
tivity is reduced in the first stages of the disease, which
manifests as decreased reflex vasoconstriction in the
affected area™®. This symptom is associated with the
vasodilatation of the peripheral vessels and may explain
the warming of the affected region“”. Changes in the
pattern of clinical features as CRPS evolves from an
acute to a chronic state may be related to circulating
catecholamines"". As an adaptive mechanism, the SNS
hypoactivity seems to progressively increase the sensitiv-
ity of peripheral adrenergic receptors to circulating cate-
cholamines that are released in response to psychological
stress or pain itself' . This phenomenon may contribute
to the exaggerated vasoconstriction in later stages of
the disease' "*. Thus, the affected limb changes from a
warm, swollen and reddish state to become cold and blu-
ish'®. Tt is also known that a chronic dysregulation of the
SNS may lead to sympathetically maintained pain in 10%
of CRPS patients',

Contribution of the oxidative stress in the pathophysi-
ology of CRPS: Long-term sympathetic disturbances re-
sult in the redistribution of blood flow in micro-circulatory
vessels. This process impairs their nourishment'®”, the
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endothelial function, and reduces acetylcholine-induced
vasodilatation'™. These alterations have been suggested
to lead to hypoxemia and acidosis, which may produce
free radicals and oxidative stress®”. A previous study pro-
posed that free radicals are the result of mitochondrial
dysfunction in the respiratory chain™!, Accordingly, free
radicals have been detected in the saliva and the serum of
the affected limb in CRPS-1 patientsm, as well as in two
animal models of CRPS""". Furthermore, a multicentre
randomised controlled trial (RCT) demonstrated the pro-
tective effect of vitamin C, a well-known antioxidant, on
the development of CRPS after a wrist fracture treated
with a plaster cast™ or by surgerym. Therefore, oxidative
stress may be involved in the pathophysiology of CRPS,
but it is still not clear if it is a cause or a consequence of
the disease™. More prospective studies are needed to
better understand the potential role of oxidative stress
in the pathophysiology of CRPS, but it may constitute a
biomarker of and a therapeutic target for CRPS.

Plasticity of the peripheral and CNS

Changes in the peripheral and CNS: Peripheral sen-
sitisation is thought to play a role in CRPS pathophysi-
ologym]. It is a form of neuroplasticity relying on the
capacity of neurons to change their function, chemical
profile or structure in response to a specific situation™
Peripheral sensitisation results in a continuous release
of catecholamines by the nociceptive fibres of the af-
fected area”” and brings sustained nociceptive input to
the spinal cord. This causes activity-dependant changes
in the spinal cord and central sensitisation, resulting in
enhanced central responsiveness to nociceptive inputsm].
This enhanced nociceptive transmission may induce a
pain sensation that outlasts the initiating input or that re-

quires lower level of peripheral drive to maintain it

Altered cortical representation of the affected limb:
In CRPS, motor and sensory deficits that are not limited
to the area of injury have been suggested to be related
to maladaptive neuroplasticity in the brain. For instance,
the representation of the affected hand in the primary
somatosensory cortex is significantly shrunk and shifted
toward the lip compared with the unaffected hand™*"!
These changes in the hand primary somatosensory cot-
tex representation are correlated with the amount of
pain[sﬂ and mechanical hyperalgesia in CRPS™. With re-
habilitation, the cortical organisation is progressively re-
established and correlates with the decrease in pain and
the diminishing extent of mechanical hyperalgesia[go]. The
results of a follow-up study revealed a reversal of cortical
reorganisation in agreement with clinical improvement
at least 1 year after therapy[w. Thus, chronic CRPS pain
seems to correlate well with the cortical representation
of the affected limb, which may contribute to the persis-
tence of pain[so’sﬂ.

It has also been reported that the representation of
the affected and unaffected hand muscles is asymmetrical
in the motor cortex of patients with CRPS-1". In that
study, the cortical representation (size, motor evoked po-
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tentials, and calculated volumes) was significantly larger
for the unaffected hand than for the affected hand and
this asymmetry was not found in the control group of
healthy subjects. An fMRI study also demonstrated sub-
spatial adaptive changes in the CNS of CRPS patients by
investigating cerebral activation during a finger tapping
task”™, The authors found significantly larger brain ac-
tivations compared with healthy controls and also com-
patred with the unaffected side of the CRPS patients. This
finding may be explained by defective inhibitory mecha-
nisms in the motor cortex that were previously demon-
strated”™. Besides, a transcranial magnetic stimulation
study found a hyperactivity of the contralateral motor
cortex in CRPS patients[w. The authors hypothesised that
this hyperexcitability may be linked to an adaptive process
related to the decreased mobility of the affected limb and
not necessarily to the painful sensations™ but further
studies ate still required to fully understand this phenom-
enon'”. Alterations of the premotor cortex have also
been observed in a study including eight chronic CRPS-1
patients with dystonia (mean duration of disease of 11
years)"”!. Their results revealed that less cerebral activa-
tion was present in both the ipsi- and contralateral hemi-
spheres when imagining movements, compared with the
activation patterns of age-matched healthy controls™,

Results of a recent imaging study including voxel-
based morphometry and DTI analyses revealed gray mat-
ter atrophy in the right hemisphere, especially in the right
insula, right ventromedial prefrontal cortex (VMPFC),
and right nucleus accumbens in 28 CRPS patients[gsl. In-
terestingly, gray matter atrophy in the VMPFC correlated
with the interaction between pain intensity and duration
in CRPS patients, while right anterior insula gray matter
atrophy correlated with pain duration™. In addition, the
gray matter atrophy in the right anterior insula was as-
sociated with reduced autonomic responses[gg], consistent
with the autonomic dysregulation in CRPS and the role
of the insula in autonomic regulation[gs]. Furthermore,
the gray matter atrophy observed in the VMPFC was
associated with poor performance in an emotional deci-
sion-making task™”
of CRPS.

In summary, the literature exposes evidence about the
pathophysiology of CRPS, but several questions on the
mechanisms of the disease remain, especially in relation
to the specific role of oxidative stress™ and the pat-
terns of cortical reorganisation during the onset and the

, congruent with the clinical features

course of the disease”. Further studies are also required
to better understand the links between physiopathologi-
cal processes and clinical features, to improve treatment
modalities offered to CRPS patients.

CLINICAL PICTURE

Physical features

Nearly 100% of patients with CRPS report hyperalgesia,
that is, an increased pain sensation to a normally painful
stimulus”', Allodynia, or a painful sensation elicited by
a stimulus that usually does not elicit pain, is also com-
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mon, affecting one third of patients with CRPS"™. These
sensory disturbances are not limited to a single peripheral
nerve territory but rather follow a glove distribution”,
and may be linked with the sensitisation processes im-
plied in the CRPS pathophysiology described above.
It is recognised that CRPS patients may have impaired
processing of proprioceptive or tactile input, but higher
multisensory integration systems seem unaffected”.
Accordingly, the results of a recent study conducted on
24 CRPS patients and 24 controls revealed that CRPS
patients had an intact perception of illusory ownership,
which suggests unaffected functions of multisensory cot-
tical arcas’”.

Autonomic disturbances resulting in distal oedema are
present in 81% of patientsm. Skin changes in colour and
temperature are also common symptoms of CRPS™",
Disorders of sweating can also be noted”" in 55% of pa-
tients, with hyperhidrosis being more frequent than hypo-
hidrosis”. Finally, trophic changes such as the increased
growth of hair and nails of the affected limb are some
of the physical symptoms related to CRPS" in addi-
tion to bone demineralisation”. All of these autonomic
disturbances are related to the dysregulation of the SNS
described above. Principal physical features induced by
CRPS, such as oedema, skin colour changes and muscle
atrophy, are illustrated in Figure 1.

In terms of motor function, 77% of patients present
with weakness of the affected limb and 45% have exag-
gerated deep tendon reflexes”. A recent kinematic study
including 80 CRPS patients also suggests that voluntary
motor control may be impaired, causing bradykinesia and
akin%;ia in both the affected and the unaffected upper
limb"™.

Psychological features

The psychological factor most reportedly associated with
CRPS is the fear of pain[%‘. In accordance with the feat-
avoidance model of chronic painm, the fear of pain
may have a significant impact on global functioning. For
instance, CRPS patients avoid certain activities fearing
that they will trigger pain. This avoidance contributes to
isolation and higher levels of anxiety™. In addition, a
large proportion of CRPS patients present symptoms of
depression, such as mood or sleep disturbances, as the
prevalence of depression in CRPS is estimated to range
from 31% to 96%", Psychological factors, such as anxi-
ety, stress or inconsistent emotional states may have an
impact on catecholamines neurotransmission and may
play a role in the pathophysiology of CRPS, including the
dysregulation of the SNS and sensitisation . Psycho-
logical stress also seems to be related to the development
or maintenance of CRPS-1" which may results in re-
peated sympathetic activation and locally altered catechol-
amine responsiveness[45’98’99].

In summary, stress or anxiety may have an impact in
the maintenance of CRPS in relation with their influence
on catecholamine activity””. However, as mentioned pre-
viously, other psychological factors such as depression or
somatisation seem to be consequences of the disability
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and chronic pain itself, rather than being predisposing

FactorsPo16:484

Cognitive and perceptual features

Recent studies revealed cognitive impairments in CRPS
patients. In a neuropsychological study including 137
CRPS patients, significant neuropsychological deficits
were present in 65% of patients, presenting with impair-
ments in executive functions"", Among the perceptual
features, patients with CRPS may suffer from physical
and spatial hemineglect[16’101’102] as a result of a disturbed
body schema induced by the changes in the cortical rep-
resentation of the affected limb"""'""*!. Indeed, CRPS
patients perceive their affected limb as bigger than it re-
ally is""” by more than 8% and have difficulty recog-
nising their own limb"" and estimating its position'"".
Moseley e al"™ found that when they receive concurrent
vibrotactile stimulations at 140% of their tactile threshold
to both limbs without the contribution of vision, CRPS
patients tend to neglect stimulations of the affected limb.
This finding suggests a complex alteration of the repre-
sentation of the bodily space. A recent study including
a group of 20 CRPS patients and two age- and gender-
matched control groups (healthy volunteers and patients
with chronic pain other than CRPS) revealed that CRPS
patients show a slower reaction time in response to a vi-
sual stimulus presented in the visual field corresponding
to the side of the affected limb""". In that study, CRPS
patients also had a significantly lower score in the clock-
drawing test than the healthy controls, which is also con-
sistent with spatial hemineglect.

In summary, CRPS can affect many aspects of daily
life. It may have a devastating effect on the quality of life
and productivity. A large proportion of patients (81%)
have to quit their jobs at the peak of the disease and only
27% can return to a productive life after the crisis""”
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Figure 1 Clinical signs of complex regional
pain syndrome. A: Oedema and colouration
changes around the metacarpophalangeal
joints of a 42-year-old woman with bilateral
upper limb complex regional pain syndrome
(CRPS) in the acute phase (around six
months); B: Thenar muscle atrophy and slick
skin aspect of a 22-year-old woman with left
upper limb CRPS for a duration of 3 yr; C:
Significant knee oedema in a 46-year-old
woman with right lower limb CRPS lasting
2 yr; D: Blue coloured left lower limb CRPS
in the cold phase (3 yr) of a 23-year-old
woman.

This decrease in productivity generates significant costs
for the society. Therefore, it is important to deal quickly
and appropriately with CRPS. The next section will pres-
ent the main treatment modalities currently used with this
population.

CRPS MANAGEMENT

In this section, the most common treatments for CRPS
will be presented. However, it should be emphasised that
CRPS is a complex pathology, including both central and
peripheral abnormalities, and it is sometimes associated
with psychosocial components. Therefore, CRPS should
be treated using an interdisciplinary approach!™”.

Pharmacology

Similar to other chronic pain syndromes, pharmaco-
logical treatments are widely used for the treatment of
CRPS. However, drug therapy works best if prescribed in
combination with other management modalities, such as
rehabilitation”. Various types of drugs such as opioids,
calcitonin, bisphosphonates and antidepressants or an-
ticonvulsants may be taken orally™”*""". Essentially, the
strategies and drug combinations are the same as for neu-
ropathic pain management. The goal in using pharma-
cological agents is to act on the pathophysiological pro-
cesses generating pain, ze., inflammation or sympathetic
dysfunction”". However, scientific evidence supporting
pharmacotherapy in CRPS remains limited”*''""

Opioids: According to the results of a study conducted
on 102 CRPS patients, 21% of CRPS patients are treated
with opioids[1111 and this type of drug is mostly used in
the eatly stages of the disease!""". However, only one pla-
cebo-controlled RCT studied the use of oral sustained-
release morphine in CRPS-1 patients who were previ-
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ously treated with spinal cord stimulation (# = 43)" No
significant effect on pain reduction has been found with
the use of morphine compared with placebo“m. Ad-
ditionally, the morphine group reported 20 side-effects
a day compared with 2 a day for the placebo group“m
Accordingly, authors of the evidence-based guidelines
in CRPS treatments stated that there is insufficient evi-
dence regarding the efficacy of opioids in reducing CRPS
painmm. To our knowledge, no study has been conducted
on opioids other than morphine for the treatment of
CRPS. Even if opioids are well-known to inhibit noci-
ceptive processes in the CNS, addiction may potentially
develop in a small subset of patients[“‘ﬂ. Because of their
setious adverse effects, opioids should be prescribed with
caution in the treatment of CRPS!"".

Calcitonin: Calcitonin is of great interest in the treatment
of CRPS for its analgesic properties, by producing the
release of PB-endorphins, and for its action in preventing
bone resorption[so]. In spite of these promising theoreti-
cal effects, however, results of recent systematic reviews
demonstrated conflicting evidence of calcitonin’s efficacy
in the treatment of CRPS-1""" or in the treatment of
both types of CRPS™, according to the outcomes of
pain reduction, functional outcome, clinical features or
bone mineralisation. The authors of a systematic review
based on 41 articles related to CRPS treatment stated that
to date, the beneficial effects of calcitonin on CRPS pa-
tients have not been demonstrated[w; further studies are
required to establish a clear recommendation regarding
the use of calcitonin in CRPS management.

Bisphosphonates: Bisphosphonates are effective in reduc-
ing the signs of inflammation associated with CRPS™",
In three placebo-controlled studies, bisphosphonates
were significantly more effective than placebo for upper
limb CRPS-1 patients (# = 20, » = 39 and » = 32) in de-
creasing inflammation signs, including pain and oedema,
and improving rnobility[l14’1l6]. These positive effects have
been found among both early and long-standing CRPS
patientsmﬂ. However, despite this significant beneficial
effect on CRPS inflammation signs, evidence is lacking
about the optimum dosage, frequency and duration of

110]
treatment[ ].

Antidepressants: There are published reports that sup-
port the use of tricyclic antidepressants for the man-
. .« [113,118-120] . .
agement of neuropathic pain . Their analgesic
effects are presumably due, in part, to their action on
serotonergic and noradrenergic descending inhibitory
[113,120] . . .
pathways . Tricyclic antidepressants are reported
to be part of pharmacotherapy for 19% of CRPS pa-
tients . There is also some evidence that serotonin and
noradrenaline reuptake inhibitors, but not selective sero-
tonin reuptake inhibitors, are efficient in the treatment of
chronic painm}’m]. However, based on systematic reviews
on CRPS management, no study has yet examined the ef-
ficacy of antidepressants for the treatment of CRPS spe-

(4 9
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ciﬁcallymo’m]. Therefore, there is currently no evidence
of the efficacy of antidepressants for the treatment of

CRPS.

Corticosteroids: There are a few trials that studied the
benefits of corticosteroids in CRPS management and
the results of these studies are clinically positive with
regard to pain, oedema and sweatingm’“o’m’ml. Most of
these studies were conducted with patients presenting
an acute CRPS with inflammation signs and it is actu-
ally unknown if corticosteroids offer similar benefits for
chronic CRPS, when pro-inflammatory cytokines are at

" However, because of their potentially

a lower level'
severe adverse effects, corticosteroids should not be
taken for a long period of time''” and appear to be rarely
prescribed in clinical practice“m. Further studies should
be conducted to establish guidelines on the duration and
dosage before corticosteroids can safely be prescribed for

CRPS!o113l

Anticonvulsants: Anticonvulsants, such as gabapen-
tin, are one of the most effective and most commonly
prescribed pain medication for neuropathic pain in
general ™" and are also prescribed for CRPS". Tt is
reported that 12% of CRPS patients are treated with an-
ticonvulsivants'"". The benefits of gabapentin for CRPS
has been studied in two RCTs"*"'"*. There is evidence
that gabapentin has a small to moderate effect in reduc-
ing CRPS pain eight weeks after the beginning of the

[12
treatment

. However, patients taking gabapentin feel
more side effects, such as fatigue, sleepiness or dizziness,
than patients taking a placebomg]. Another anticonvulsiv-
ant, carbamazepine, has been studied in a RCT of CRPS
patients and it has been found to significantly diminish
pain compared to placebo?. Even if other types of
anticonvulsivants, such as pregabalin, seem to have some
effects on pain, no other type of anticonvulsants has
been studied for the treatment of CRPS!"”. Even if ben-
eficial effects have been demonstrated for pain reduction
in CRPS patients, the pros and cons should be weighed
when adding anticonvulsivants to the CRPS treatment
plan because of the potential adverse side effects and the

unknown long-term effects""”.

Muscle relaxants: Muscle relaxants, such as baclofen,
1s used by 3% of CRPS patients“m and may be helpful
for the treatment of CRPS"*. However, because of the
small samples (less than 10 patients) included in studies
conducted on the efficacy of muscle relaxants for CRPS,
authors of recent evidence-based guidelines on CRPS
management report that the evidence is insufficient to

claim their efficacy"”.

Ketamine: Even if large and well-designed RCTs need
to be conducted, the intravenous administration of ket-
amine in sub-anaesthetic doses significantly reduces pain
among CRPS patients, as revealed by both prospective
and retrospective studies”™""”. As an NMDA receptor
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antagonist, ketamine is of particular interest because of
its potential ability to reverse central sensitisation'”. Al-
though a promising effect has been demonstrated, larger
studies are required to validate the routine use of ket-
amine in CRPS">'">"",

Topical agents: Topical medications, such as lidocaine
patches, are used by 79% of CRPS paﬁents[31’111]. In this
drug category, dimethylsulphoxide cream seems to be
more efficient in reducing CRPS symptoms in the early
stages while inflaimmatory signs are present”s’l}(”. When
symptoms of cold temperature or bluish skin are present,
N-acetylcysteine has been found to be the most effective,
based on a randomised double-blind study including 146
CRPS patients“m. The efficacy of these two types of
drugs that are free radical scavengers support the involve-
ment of oxidative stress in the pathophysiology of CRPS.

Local and regional sympathetic blockade: Local sym-
pathetic blockade (e.g., with lidocaine or guanethidine)
such as stellate ganglion blockade or lumbar sympathetic
blockade are widely reported in the literature”™ ™ and aim
to modify the activity of the SNS locally. The therapeu-
tic response to sympathetic blockade is inconsistent and
may only be more effective than placebo at reducing the
duration but not the magnitude of painm’m]. A Cochrane
review also indicate that there is low quality evidence that
local anaesthetic sympathetic blockade is not effective at
reducing pain in CRPS"™. Intravenous regional blockade
using a wide variety of pharmacological agents has also
been described for the treatment of pain in CRPS".
According to this Cochrane review, there is very low to
moderate evidence that intravenous regional blockade
with atropine, droperidol and guanethidine is not effective
to reduce pain in CRPS, while there is very low evidence
that ketanserine and bretylium plus lidocaine may be ef-
fective. Because sympathetic blockade is a relatively inva-
sive modality, it is suggested that it should be used when
other modalities do not bring positive changes in the pa-
tient’s condition"”. In addition, it should be stressed that
these interventions may have positive effects for a limited
number of patients only, because it is known that pain
in CRPS is sympathetically maintained for about 10%
of patientsm. The other 90% patients, with sympatheti-
cally independent pain, should benefit from other types
of treatment. Because there is no standardised method
to determine if CRPS pain is sympathetically maintained
or sympathetically independent“m, sympathetic blockade
remains a controversial modality.

In summary, among the pharmacological treatments
for CRPS, strong evidence is available for bisphospho-
PRUOILI - o rticosteroids”™ ' ketamine in-
and anticonvulsants'””, but further studies
are required to establish the guidelines for well-validated

nates
.. 75,110
jections’ ™"

routine administration. There is actually insufficient
or conflicting evidence to recommend the use of opi-

. 1 [110,112,113] . . [94,110] [110,113]
oids , calcitonin .

Because of the limited proportion of patients who may

or antidepressants

benefit from sympathetic blockade, this intervention also
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. . 1[94,110
remains controversial” "%,

Other medical treatments

Most surgical treatments reported in the literature refer
to sympathectomy or more recently, intracranial neuro-
stimulation®"] and represent the most invasive treatment
modalities to be used as a last resort because of the quite
minimal evidence for their efﬁcacy“m’134J. Surgical treat-
ments will not be discussed in more detail because they
have been reviewed elsewhere!™.,

Recently, repetitive transcranial magnetic stimulation
(TMS) was shown as a potential therapeutic option for
CRPS, when used in combination with pharmacotherapy
and physiotherapymﬁl. The results of a double-blind,
placebo-controlled randomised trial conducted with 23
patients with upper limb CRPS-1 revealed a significant re-
duction of pain and improvement of the emotional state
with 10 daily sessions of fTMS applied on the primary
motor cortex". However, these beneficial effects did
not continue after the treatment period ended"™. Similar
results had previously been found in a study conducted
on 10 CRPS patients' .

Psychotherapy
The rationale of psychological interventions for CRPS
management derives from the recognised benefits of
these approaches in management of other chronic pain
syndromes' . In addition, psychological and behavioural
factors are thought to interact with pathological process-
es involved in the physiopathology of CRPS, including
changes in catecholamine levels, as discussed eatlier"""",
Randomised control trials on psychological interven-
tions for CRPS are scarce. In most studies, the experi-
mental design only allows limited conclusions". The
available clinical studies show some benefits in the treat-
ment of CRPS using cognitive-behavioural therapy[()s’ms],
operant conditioning, pain management techniques, re-
laxation training”"! with biofeedback"” and family educa-
on™. Regarding other chronic pain syndromes, one goal
of psychotherapy is to develop abilities to control pain,
to play an active role in pain management and rehabilita-
tion™. Psychotherapy can also have a beneficial effect on
comorbidities related to CRPS, such as depression. Au-
thors of recent clinical guidelines in CRPS management
recommend that education about the condition should be
a low cost psychological approach to be used for all acute
and chronic CRPS!"". Specifically, information about neg-
ative effects of disuse, the importance of reactivation and
the importance for the patient to take an active part in
CRPS management should be provided to the patient and
its family""”. Because some cases of CRPS may resolve
spontaneously, individualised psychotherapy is mostly
recommended for chronic CRPS and should begin 6-8
wk after the onset of the disease™. These psychotherapy
sessions should focus on empowerment, which is defined
as the ability to gain control over the condition, diminish
catastrophic thoughts and reactivate the affected limb"”.
An in vivo graded exposure approach, which consists of
gradually exposing patients to situations that they think
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may trigger pain (associated with the fear avoidance theo-
ries” ") seems to have promising results in diminishing
pain intensity and the fear of pain, as well as improving
global functioning“”]. However, results from this study
need to be replicated with a larger sample (only eight
female CRPS-1 patients were included) to determine the
efficacy of this approach. Noteworthy, the implication
of family members is found to be important in the reha-
bilitation process in order to maintain good patterns of
thoughts and reactivation of the affected family member
at home!"”.

In line with the interdisciplinary approach for CRPS
management, psychotherapy should be considered
among the possible treatment modalities, although the
evidence remains mixed regarding the benefits of these
approaches and further controlled studies are required to
confirm their efficacy”™. However, because psychologi-
cal approaches are effective for other chronic pain syn-
dromes, it is plausible that they are also useful for CRPS
management, according to authors of recent clinical

guidelines in CRPS managementm.

Rehabilitation

Functional restoration is found to be the key objective
of rehabilitation for CRPS patients, according to authors
of a recent systematic review'”. The principle of func-
tional restoration is to obtain a gradual progression of
the movement, beginning with an activation of pre-sen-
sorimotor cortices, followed by very gentle active move-
ments and eventually, gradual weight bearingm]. Although
rehabilitation is typically part of the CRPS management,
RCTs to assess rehabilitation strategies are lacking be-
cause of the various clinical presentations and evolution
of CRPS, necessitating the development of personalised
intervention.

Occupational therapy: Occupational therapists (OTs)
are recognised to be ideal therapeutic leaders in func-
tional restoration processes because they are trained
with biopsychosocial principles and work primarily with
functional assessments and treatments!>*"'"*!, Emerging
research has made OT interventions to work towards
earlier stages of movements, using graded motor imagery
(GMD". The use of GMI"™>"*"™ has attracted the at-
tention of researchers in recent years (a video illustrating
GMI is presented at the following web address: http://
www.youtube.com/watch?v=hMBA15Hu35M and the
steps are fully described in a 2011 article!"™) because
theses modalities may have an effect on cortical reorgani-
sation, which seems to be involved in CRPS. Only a few
studies have been conducted on the use of GMI in the
treatment of CRPS!""™>"** 16147 B¢ strong evidence of
effectiveness has been demonstrated"”. In general, the
use of GMI would reduce pain, normalise autonomic
signs, improve lateralisation and improve functioning in
both the short- and long-term. GMI may also be helpful
in normalising movements for CRPS patients“()]. FMRI
studies support the cortical activation sequence induced
by GMI in healthy subjects, but no such studies have
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been conducted with CRPS patientsmg]. Further studies
with larger samples are required to generalise the effect
of GMI to the entire population of CRPS patients“45’148].
Following GMI, the objectives are to minimise oe-
dema, normalise sensation, promote normal position-
ing/decrease muscle guarding and increase functional use
of the affected limb in order to promote independence

. . 149
in all areas, such as work, leisure and personal cares!™.

. . .. .. . 150
OT using various modalities, such as desensitisation™” or
. .o . .o R 19 .
sensory discrimination training, sphntmg[ I and adapting
activities, is also effective in decreasing functional limita-

. . . .. 140,141
tions and improving activity levels! !

. Stress loading,
including the two phases of scrubbing and carrying, is
also a technique used by OTs in order to initiate active
motion and compression of the affected joints"™!. How-
ever, most of the studies that focused on OT interven-
tions did not standardise the treatment modalities, which

makes the replication of the results difficult.

Physical therapy: Physical therapy (PT) plays an impor-
tant role in CRPS management by increasing the range
of motion, flexibility and strength by gentle progressive
exercise programsml. The use of physiotherapy is docu-
mented in the literature!'”"**"*? but the efficacy of the
interventions remains mixed. Used alone or in combi-
nation, treatment modalities such as heat/cold therapy,
electrotherapy, manual therapy, exercises or simulation of

31,138 .
dP" It is also common

occupations have been describe
that some aspects of psychotherapy, such as pain man-
agement techniques or relaxation techniques, are included
in rehabilitation””. A recent meta-analysis suggests that
physiotherapy has a beneficial effect on pain reduction,
oedema, mobility and skin temperature and would be ef-
fective in acute and chronic CRPS"' ™.

It is generally accepted that PT interventions must be
executed within the limits of pain tolerance ™. A rela-
tively new and controversial rehabilitation approach for
CRPS treatment is the “pain exposure” treatment’ "7,
Groups of researchers found that rehabilitation therapy
focused on functional improvement based on rehabilita-
tion time having regular PT interventions while avoiding
pain (i.e., following rehabilitation objectives while not
considering pain severity as a guideline) could permit the
safe improvement of the function of the affected arm,
reduce pain, improve walking speed and improve muscle
strength“sz’ﬁ()’wﬂ. Because of the ethical implication of
this type of therapy and the rationale that is still not well
described, there is actually no evidence supporting the ef-
ficacy of this rehabilitation modality in CRPS treatment.

In summary, most modalities (e.g., manual therapy,
clectrotherapy, desensitisation, activity modification and
adaptation, e«.) used in PT and OT, except for the “pain
exposure treatment”, have been demonstrated to be ef-
fective in diminishing CRPS symptoms and improving
the level of functioning and should play an important
part in CRPS management. Although rigorous studies
using standardised rehabilitation modalities are required
to raise the level of evidence of rehabilitation strategies,
GMl is a very promising avenue.
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CONCLUSION

This review aimed at gathering evidence regarding the
pathophysiology, clinical features and interventions in the
management of CRPS. Even if future studies are neces-
sary to achieve a better understanding of the disease,
the literature supports the involvement of neurogenic
inflammatory processes, autonomic dysfunction and mal-
adaptive neuroplasticity, such as peripheral and central
sensitisation, in CRPS pathophysiology. The potential
involvement of oxidative stress in the pathophysiology
of CRPS also opens the door to a secondary prevention
treatment in prescribing vitamin C to people with a hand
trauma. CRPS has a negative impact in physical, psycho-
logical, cognitive and perceptual aspects and that a mul-
tidisciplinary approach is required to treat these patients.
Among the pharmacological approaches, little evidence
supportts the use of several drugs, except for bisphospho-
nates, corticosteroids, ketamine or anticonvulsants that
have demonstrated positive effects on CRPS symptoms.
With regard to rehabilitation, positive effects have been
found in diminishing the patients’ signs and symptoms
and improving global functioning, but evidence remains
mixed because of a lack of standardised procedures.
However, GMI seems to be the most promising treat-
ment for CRPS.
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