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REVIEWS

Mechanism-based treatment in complex
regional pain syndromes

Janne Gierthmtihlen, Andreas Binder and Ralf Baron

Abstract | Complex regional pain syndromes (CRPS) are multifactorial disorders with complex aetiology and
pathogenesis. Management of CRPS is challenging, partly because of a lack of clinical data regarding the
efficacy of the various therapies, and partly because successful treatment of CRPS requires a multidisciplinary,
patient-tailored approach. The pain in CRPS is often described as typical ‘burning’ neuropathic pain, and

is accompanied by a variety of sensory, motor and autonomic signs and symptoms. Because research into
therapies specifically in CRPS has been scarce, treatment for these syndromes has been largely based

on therapeutic strategies adapted from neuropathic pain states; however, increased understanding of the
pathogenesis of CRPS has provided the opportunity to develop mechanism-based treatments. The interactions
between the multiple pathophysiological mechanisms that contribute to the development, progression and
maintenance of CRPS remain poorly understood. This Review describes the challenges in linking the current
theories and knowledge of pathophysiological mechanisms to the mode of actions of the different treatment
approaches. We discuss the current treatment strategies for CRPS, including pharmacotherapy, sympathetic
ganglion block interventions, psychological support, physiotherapy and occupational therapy, and establish the

concept of mechanism-based treatment for CRPS.

Gierthmuahlen, J. et al Nat. Rev. Neurol. advance online publication 19 August 2014; doi:10.1038/nrneurol.2014.140

Introduction

Complex regional pain syndromes (CRPS), formerly
known as Sudeck’s dystrophy, algodystrophy, caus-
algia or reflex sympathetic dystrophy, are multifactorial
pain disorders. ‘Complex’ refers to the varied clinical
symptoms—such as sensory,! motor? and autonomic
abnormalities*'—that accompany the pain. ‘Regional’
addresses the regional distribution of signs and symp-
toms, which usually spread distally in the affected limb,
extending beyond the innervation territory of any par-
ticular nerve or root. ‘Pain’ is the cardinal symptom of
the disease.

Spontaneously occurring CRPS are rare; typi-
cally, CRPS develop after minor tissue injury or limb
trauma.™® CRPS are classified into two subtypes: CRPS
type 1, with no definite evidence of a major nerve lesion,
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and CRPS type 2, in which nerve lesion can be dem-
onstrated.” Thus, CRPS type 1, by definition, presents
without any major nerve lesion and does formally not
fulfil the criteria for neuropathic pain.* Sensory signs and
symptoms of CRPS types 1 and 2 are almost identical,
with the exception of stronger hypoaesthesia to mechani-
cal stimuli in CRPS type 2, attributable to the nerve
lesion.® CRPS type 1 and 2 might, therefore, represent
one disease continuum with largely similar pathophysi-
ology. In this Review, therefore, we will describe clinical
presentation, mechanisms and their interactions largely
without differentiation between CRPS types 1 and 2.

Clinical presentation of CRPS

The current diagnostic criteria® for CRPS are based on
the main signs and symptoms: sensory, autonomic and
motor abnormalities,'* Less-specific symptoms of CRPS
include the so-called neglect-like phenomena,'*** abnor-
mal postures'! and contractures,'” mental health prob-
lems,'® and sympathetically maintained pain (SMP).!7!3
The presence of these signs and symptoms varies between
patients, and can change over time in a given individ-
ual patient. One very important clinical finding is the
distal distribution of all signs and symptoms (Figure 1):
the symptoms spread distally from the injured area in a
glove-like or stocking-like manner,"*" leading to mani-
festation of signs and symptoms also in the hand and foot
including all fingers (in CRPS on the upper extremity)
or toes (CRPS of the lower extremity). Sensory distur-
bances can even extend to more-proximal areas of the
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Key points

Complex regional pain syndromes (CRPS) are multifactorial disorders; the
heterogeneity of clinical signs and symptoms reflects different underlying
pathophysiological mechanisms

Peripheral mechanisms of CRPS include inflammation, peripheral sensitization
and sympatho-afferent coupling

Central mechanisms include neuroplastic changes, such as cortical
reorganization, afferent—efferent feedback conflicts and central autonomic
dysregulation

Individual variation in pathophysiological mechanisms offer the opportunity for
several mechanism-based treatment options

To date, only a few clinical trials have assessed the long-term efficacy of
therapies specifically for CRPS

Figure 1 | Trophic disturbances in a patient with a complex
regional pain syndrome of the hand. a | Comparison of
unaffected (left) and affected (right) extremity shows distally
distributed oedema, including the fingers, on the affected
extremity. Comparing the b | unaffected extremity and the

¢ | affected extremity reveals dry skin and reduced nail
growth in the affected extremity.

same limb® and to previously unaffected limbs,*-*

surgery to a typical neuropathic ‘burning’ pain.

The current diagnostic criteria for CRPS were estab-
lished and validated relatively recently: the International
Association for the Study of Pain defined the diagnostic
criteria for CRPS in 1994.%° Consequently, comparing
the results from the studies that were conducted before
uniform diagnostic criteria with the results obtained in
the past 20 years is difficult. Different authors might
not be describing CRPS but a syndrome with similar
symptoms,® and findings regarding treatment of CRPS
might be based on different populations, thereby limiting

their usability.

and
motor deficits can occur in unaffected extremities.”*
Another important factor in the diagnosis of CRPS is the
change in pain characteristics on developing the condi-
tion: many patients describe a sudden change from the
initial, characteristically nociceptive pain after fracture or

Somatosensory abnormalities and pain

Pressure pain hyperalgesia is the most frequent somato-
sensory symptom in CRPS,? and can be observed in 66%
of patients with CRPS type 1 and 73% of patients with
CRPS type 2. In patients with CRPS of the upper extrem-
ity, spontaneous pain is present in 55% of patients with
CRPS type 1, and in 76% of patients with CRPS type 2.°
Pain on movement was found to be present in more than
60% of all patients,® and pain under orthostatic condi-
tions (when the extremity hangs down), occurs in more
than 50%."" The patients often describe the pain as
tearing, burning or stinging; it is often reported to feel
diffuse and be located deep within the extremity.""* The
deep somatic domain is likely to have a major role in
CRPS (discussed below).

Some patients with CRPS display SMP, which manifests
as spontaneous or evoked increases in pain in response to
activation of the sympathetic nervous system.”” However,
it is important to acknowledge that SMP is not a cardi-
nal symptom in all patients with CRPS, but should be
regarded as a potential sign of CRPS.

Autonomic abnormalities and oedema
Vasomotor disturbances are common in CRPS: vaso-
dilatation or vasoconstriction that result in differences
of skin temperature and colour between the affected and
the unaffected extremity are frequently observed.>®*5-30
71-97% of patients report skin colour asymmetries™****!
and 79-98% report temperature differences between
the affected and unaffected extremity.>**%* Sudomotor
abnormalities (hyperhidrosis, and occasionally hypo-
hidrosis, which is often observed in chronic CRPS) are
reported in approximately half of patients,***2%1-3
Presence of oedema, especially in acute CRPS, is
described in 55-89% of cases.>®*!%2%3 Similar to other
autonomic abnormalities, oedema can be triggered by
external stimuli, such as pain or orthostatic conditions
as well as alterations in vascular tone.»'**3*>% Qver the
course of the disease, oedema usually becomes less
frequent and/or severe, and the tendency to develop
oedema can eventually disappear completely,” although
a disposition for swelling was reported by 90% of patients
even after 15 years’ duration of CRPS.*

Motor and trophic abnormalities

75-88% of patients with CRPS report experiencing
motor abnormalities,”*® which is in line with the motor
abnormalities found upon clinical examination.>6%1%33
Among motor abnormalities, 80% of patients describe a
decreased range of motion and 75% report weakness in
the affected limb.?® The patients experience difficulties
particularly with complex movements such as closing the
fist and opposition of the first and fifth digits,*>*® which
can to some extent be explained by reduced movements of
associated joints due to oedema and muscle hypertension
in acute CRPS; in chronic CRPS, contraction and fibro-
sis of palmar or plantar aponeurosis can limit motoric
movement of the hand.® Impaired central processing
of proprioceptive information might also be involved.*®
Although less frequent, movement disorders—such as
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Figure 2 | Pathophysiology and mechanism-based treatment options in CRPS. Hypothesized interaction between peripheral
and central mechanisms in CRPS, based on Bruehl et a/.:*°° peripheral and central mechanisms (yellow boxes) lead to a
multitude of different typical signs and symptoms (pink), which can guide selection of mechanism-based treatment options
(blue). The onset of CRPS is usually preceded by a trauma—such as a radius fracture—that results in an inflammatory
response and neurogenic inflammation, which can induce focal osteopenia. Release of cytokines from the inflamed region
leads to peripheral sensitization, which brings forth central sensitization and maladaptive neuroplasticity, resulting in central
motor symptoms and disturbances of the body scheme. Sympatho-afferent coupling produces sympathetically maintained
pain. Psychogenic stress can result in increased release of catecholamines, which can generate and further exacerbate pain.
CRPS are complex diseases, and successful therapy requires multifactorial treatment consisting of pharmacotherapy,
interventional therapy (such as sympathetic blocks or intrathecal baclofen administration), physiotherapy (including graded
motor imagery), occupational therapy and psychological treatment. Abbreviation: CRPS, complex regional pain syndromes.

bradykinesia, dystonia, myoclonus and tremor—have also
been reported in patients with CRPS.>>193%-12

Trophic changes, such increased or decreased hair or
nail growth, tissue dystrophy, and thin or shiny atrophy of
the skin, subcutaneous tissue, muscles and bone (patchy
osteoporosis, focal osteopenia) are also characteristic
findings in CRPS (Figure 1).**

Towards mechanism-based treatment

Both types of CRPS present with typical signs that are
characteristic of neuropathic pain (spontaneous, burning
pain, allodynia and pain occurring in the area with
sensory abnormalities;® Figure 2). Several pathological
mechanisms known from other neuropathic pain states
have been tentatively ‘transferred’ to CRPS as an attempt
to explain the pathophysiology and to address the
hypothesis that different clinical signs reflect different
underlying mechanisms.*

CRPS are multifactorial disorders that cannot be
explained by a single underlying mechanism, such as
peripheral inflammation or dysfunction of the sympa-
thetic nervous system.* The multitude and complexity
of pathophysiological mechanisms involved in CRPS
are thought to be responsible for the heterogeneity of
the clinical presentation, and also explain the difficulty
of establishing evidence-based treatment regimens
for CRPS.

Evidence for therapeutic strategies specific to CRPS,
and therapies targeting distinct mechanisms rather than
just alleviating symptoms of CRPS, is scarce.'® Attempts
at mechanism-based treatment in CRPS rely mainly on
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translating findings from other pain syndromes, pre-
dominantly neuropathic pain states.””** Application
of pharmacotherapies that are efficient in neuropathic
pain to CRPS is not without problems, however. Most
randomized controlled trials (RCTs) investigating neuro-
pathic pain have been conducted in patients with post-
herpetic neuralgia or diabetic peripheral neuropathy,
differ substantially in research design and outcomes
as well as number of included patients, and often have
a short treatment duration, despite the fact that most
neuropathic pain conditions are chronic.” Keeping these
difficulties in mind, we review here the pathophysiologi-
cal mechanisms and possible treatment options in CRPS.
It is important to note that the choice of medication in
the individual patient depends on comorbidities, drug
interactions and tolerance of adverse effects, as well as
risk of misuse and abuse.”

Peripheral mechanisms

Nerve injury leads to spontaneous ectopic discharges
and hyperexcitability of primary afferent nociceptors®
by triggering changes in the expression of neurotrans-
mitters, neuromodulators, growth factors, receptors and
neuroactive molecules in primary afferent neurons.”!
This process results in peripheral sensitization, which
subsequently enhances nociception and results in
hypersensitivity to pain.** Micrography recordings have
demonstrated spontaneous pathological nerve impulse
activity in nociceptive neurons in some patients with
CRPS,* supporting the idea that peripheral sensitization
is involved in CRPS.
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Targeting peripheral sensitization

Although modulation of peripheral nerve activity is a
standard approach in pain treatment, studies investi-
gating the efficacy of suppression of peripheral nerve
activity in CRPS are scarce. The efficacy of NSAIDs,
carbamazepine or other systemically acting sodium
channel-modulating anticonvulsants has not been
assessed in placebo-controlled trials. In a small trial,
intravenously administered lidocaine in CRPS was
shown to reduce the thermal and mechanical allodynic
area.” Overall, however, evidence for the use of lido-
caine in the treatment of CRPS received a low rating
due to a lack of studies with a large sample size and the
unknown long-term effects of lidocaine on pain and
other symptoms in CRPS.*

Sympathetically maintained pain

Inflammatory processes and sympathetic-afferent
coupling contribute to peripheral sensitization in CRPS
(Figure 2), meaning that corticosteroids or sympatho-
lytic therapies could result in peripheral desensitization.
In some patients, intradermal noradrenaline injection
can aggravate CRPS,*** suggesting involvement of
noradrenergic sensitization of peripheral afferent noci-
ceptive fibres and a pathological interaction between
the efferent sympathetic and the afferent system. This
efferent-afferent coupling can take place directly through
activation of noradrenaline-releasing sympathetic effer-
ent fibres and a-adrenoreceptor-expressing nociceptive
afferents, or indirectly either through vasoconstric-
tion that influences the micromilieu of nociceptors or
through macrophage activation, which results in release
of inflammatory mediators.”” Both direct and indirect
mechanisms result in activation and further sensitization
of nociceptive fibres.

Sympathetic ganglion blocks

Noradrenergic sensitization of afferent fibres can be
treated by blocking noradrenaline release from sym-
pathetic fibres locally within the area of pain (regional
sympatholysis) or proximally at the sympathetic gan-
glion. Despite encouraging clinical experience and
many positive results in uncontrolled studies in patients
with CRPS, it should be noted that many of these studies
lack specificity, long-term follow-ups and evaluation of
the different interventional procedures. The efficacy
of sympatholytic procedures in CRPS has, therefore,
been debated.”® For example, one controlled trial of a
sympathetic ganglion block approach demonstrated
that local anaesthetic and saline had the same immedi-
ate effects on pain, but on re-evaluation after 24 h, local
anaesthetics were more efficacious than placebo,” sug-
gesting that evaluation of sympatholytic interventions
should be done after 24 h. By contrast, repetitive stel-
late ganglion blocks as an add-on therapy did not sig-
nificantly reduce pain 1 month after the injections.® In
light of these conflicting results, uncontrolled studies
must be interpreted with caution, particularly because
only a minority of them assess the long-term effects
of sympatholysis.”!
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Noradrenaline release inhibitors

A meta-analysis assessing the efficacy of intravenous
regional sympatholysis (IVRS) by the noradrenaline
release inhibitor guanethidine did not show superior
pain relief over placebo,® but transdermal application of
clonidine, which blocks noradrenaline release by activat-
ing a2 receptors on the peripheral sympathetic terminals,
reduced hyperalgesia in patients with SMP.®* However,
the results from this open-label study with four patients
must be interpreted with caution.

Growing evidence suggests that only a subgroup of
patients will develop a sympathetically maintained
pain component, and that this component might vary
between individuals, meaning that the design of trials
using sympatholytic procedures need to be re-evaluated.
Furthermore, controlled studies assessing the acute as
well as the long-term effects of sympathetic block-
ade and IVRS on pain and other CRPS symptoms are
desperately needed.

Inflammatory response

As mentioned above, CRPS can develop after tissue
injury, and might, in some cases, be triggered by
an injury affecting a peripheral nerve. As a response
to tissue damage, various inflammatory cells, such as
lymphocytes, monocytes, mast cells and neutrophils,
migrate to the location of injury and release inflamma-
tory mediators such as prostaglandin E2, bradykinin,
ATP, protons, nerve growth factors, and proinflamma-
tory cytokines such as tumour necrosis factor (TNF)
and IL-1f, which induce pain hypersensitivity.* ¢ After
nerve damage, these mediators can also be released
from primary sensory terminals or damaged axons
and their enclosing Schwann cells.®® Increased levels
of proinflammatory cytokines and decreased levels of
anti-inflammatory cytokines have been observed in
blister fluids,** skin,” blood,” and cerebrospinal fluid™
of patients with CRPS.”

Overall, the inflammatory response increases blood
flow and vascular permeability,”* leading to all five cardi-
nal signs of inflammation described by Celsus and Galen
almost 2,000 years ago: dolor (pain), calor (heat), rubor
(redness), tumor (swelling), and functio laesa (loss of
function). These signs are often present in acute CRPS.

Neurogenic inflammation

The aforementioned nonspecific inflammatory response
is amplified by neurogenic inflammation: besides the
orthodromic conduction of nerve impulses towards
the dorsal root ganglion, activation and sensitization of
nociceptors also leads to antidromic excitation, which
results in release of vasoactive peptides, such as calci-
tonin gene-related peptide (CGRP) and substance P,
from the peripheral nerve terminals.””* These peptides
induce vasodilatation and plasma extravasation around
the peripheral nerve endings, thereby contributing to
local oedema, heat and redness. Increased neurogenic
plasma extravasation indicating neuropeptide release has
been observed in CRPS,*7* and patients with CRPS can
have increased serum levels of CGRP™ and substance P.”/

www.nature.com/nrneurol



Corticosteroids and immunomodulatory drugs
Inflammatory processes in CRPS have been targeted with
corticosteroids and free radical scavengers; however, the
trials assessing the efficacy of steroids have produced
conflicting results. Orally administered prednisone
efficiently improved clinical symptoms in acute CRPS,™
whereas a single intrathecal methylprednisolone bolus
was not effective at improving chronic CRPS.” Three
intravenous regional blocks with 40 mg methylpredni-
solone and 2% lidocaine were no more effective than
placebo.® In summary, oral steroids might be an effective
treatment for patients with CRPS in whom inflammatory
processes—oedema, increased local temperature and
reddening of skin—are clinically detectable; however,
evidence for pain reduction is weak,*** and no recom-
mendations regarding dosage or treatment duration can
be given at this stage. Long-term use of steroids should be
avoided because of adverse effects.

A trial using the anti-TNF monoclonal antibody
infliximab was discontinued because infliximab was
not found to be superior to placebo in alleviating
pain.* No trials have been conducted to assess the effi-
cacy of other immunomodulatory therapies, such as
immunosuppressive drugs.

Free radical scavengers

One study comparing the efficacy of the free radical scav-
engers dimethylsulphoxide (DMSO; topical administra-
tion) and N-acetylcysteine (NAC, oral administration)
demonstrated that both drugs were effective in CRPS.
DMSO seems to be more effective in ‘warm’ CRPS (charac-
terized by increased skin temperature in the affected
extremity, along with oedema, redness and other signs
of inflammation) and NAC in ‘cold’ CRPS (characterized
by reduced temperature and tissue atrophy); the efficacy
of both drugs tends to decrease over disease duration.*
Other studies investigating DMSO in CRPS have obtained
conflicting results, so the overall level of evidence for
reduction of pain in CRPS was judged to be low.™

Autoimmunity in CRPS

Some cases of CRPS might be associated with an
autoantibody-mediated autoimmune aetiology.* Several
observations support this hypothesis: intravenous
immunoglobulin treatment can reduce pain in CRPS,*
and serum from patients with CRPS is much more likely
to contain IgM and IgG antibodies against different
bacterial and viral surface epitopes than is serum from
healthy controls, suggesting that aberrant autoimmune
activity might produce cross-reactive autoantibodies.*
In addition, serum from patients with CRPS can contain
autoantibodies against autonomic nervous system struc-
tures."*” Pre-existing circulating autoantibodies have
been hypothesized to become pathogenic after the onset
of CRPS; these antibodies have been suggested to sustain
sensitization, thereby maintaining chronic CRPS.% It
should be noted, however, that the relevance of these
findings remains unclear and, given the high costs of
intravenous immunoglobulin treatment, further research
is necessary to confirm this hypothesis.
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The role of deep somatic tissue in CRPS

Processes involved in CRPS are not restricted to the skin;
deep somatic tissue (muscles and/or bones) seems also to
have an important role in the pathophysiology of CRPS.
Infusion of low-pH fluid into the muscle causes pain that
is characterized as very similar to CRPS-related pain.®®
Furthermore, development of CRPS often follows a deep-
tissue injury such as a fracture or sprain, and pressure
pain hyperalgesia,” bone atrophy® and an increased
periarticular uptake in the delayed phase of three-phase
bone scintigraphy®°! are frequently observed in CRPS.
The suggested involvement of deep somatic tissue is sup-
ported also by the observation that in CRPS with SMP,
sympathetic blocks (complete blockade of sympathetic
outflow) result in more-pronounced relief of spontan-
eous pain than does selective sympathetic cutaneous
modulation.'® Altogether, these findings suggest that the
CRPS pain is, at least in part, generated in deep somatic
structures. Despite the importance of deep somatic tissue
involvement in CRPS, its role has been largely neglected
in clinical research.

Bisphosphonates regulate bone metabolism, but they
also have an analgesic effect, possibly by modulating
bone resorption. Early treatment with oral or intra-
venous bisphosphonates has been shown to reduce pain
and improve function in CRPS;**-* however, a recently
published systematic review concludes that the evi-
dence for the use of bisphosphonates for the treatment
of pain in CRPS is of low quality, and that the reported
effects might be specific to CRPS accompanied by clini-
cal osteopenia or osteoporosis.” Further evaluation,
therefore, seems to be warranted. Regarding calcitonin,
however, the evidence seems clearer that its application
is not useful.*»*

Central mechanisms

Peripheral sensitization of afferent C fibres can trigger
central sensitization—a prolonged but reversible increase
in the excitability and synaptic efficacy of neurons in the
spinal cord, brainstem and brain.’”** Central sensitiza-
tion is thought to contribute to the chronification of
pain in CRPS.** One important underlying mecha-
nism of central sensitization and subsequent genera-
tion of pain hypersensitivity is the release of excitatory
neurotransmitters into the spinal cord, where calcium
channels and opioid receptors control both neuronal
activity and transmitter release,” leading to activation of
neurokinin and A-methyl-p-aspartate (NMDA) recep-
tors and pain processing.”®'" Clinical manifestations of
central sensitization—dynamic tactile allodynia, second-
ary punctate hyperalgesia, and/or enhanced temporal
summation*!—are often present in CRPS.>®1%101.102

Endogenous pain modulation

Endogenous pain modulation enables regulation of
pain-related signals in the spinal cord. The brainstem
has an essential role in endogenous pain modulation
because both descending inhibitory and excitatory
systems originate from the brainstem.'’*!*! Patients
with CRPS express both decreased adaptation to painful
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stimuli and increased areas of hyperalgesia on affected
hands, suggesting a shift from inhibition to facilita-
tion of nociceptive input, possibly due to differential
activation of subcomponents of the endogenous pain
modulatory system.'®

Drugs targeting central sensitization

To date, the use of tramadol and strong oral opioids in
CRPS has not been studied in RCTs. Although opiates
have proven efficacy in several high-quality RCTs in
patients with different types of neuropathic pain, adverse
effects such as constipation, nausea and sedation, as well
as concerns regarding long-term safety—including risk
of hypogonadism, immunological changes, misuse or
abuse, and opioid-induced hyperalgesia—limit their
use.*”” Therefore, the International Association for the
Study of Pain generally recommends opioids only as a
second-line treatment.* This recommendation applies
to use of opioids in CRPS; recently published guidelines
for treatment of CRPS suggest that strong opioids should
not be used in this patient group*® due to insufficient
evidence for their efficacy.® Nevertheless, under certain
circumstances, such as acute neuropathic pain or epi-
sodic exacerbations of severe neuropathic pain, opioids
can be used as first-line treatments." It is important
to note, however, that no prospective, controlled long-
term (>3 months) studies of oral opioid use in chronic
neuropathic pain have been conducted. Strong opioids
should be used in moderate dosages and discontinued if
a patient-initiated dose increase is documented or adverse
effects occur.

Gabapentin and pregabalin reduce the release of
excitatory amino acids and neuropeptides by modula-
tion of calcium channels in the spinal cord neurons. A
randomized, double-blind, placebo-controlled crossover
study found that gapapentin improved sensory deficits
but showed no clear benefit in terms of pain reduction.'®
Overall, although evidence for the use of gabapentin in
CRPS is scarce™ and no trials assessing the efficacy of
pregabalin exist, the use of calcium-channel modulat-
ing agents in CRPS should be considered because of the
neuropathic nature of pain in CRPS;* adverse effects,
however, remain an important consideration.*

Ketamine, dextromethorphan and memantine have
NMDA receptor-blocking properties and are already in
clinical use, making them attractive candidates for treat-
ing CRPS. Intravenously administered ketamine dem-
onstrated analgesic efficacy in CRPS in two RC'Ts,'*"1%
however, both studies had a small sample size and ben-
eficial effects were not sustained beyond 4 weeks'"” or
11 weeks'® after treatment discontinuation. Topical
administration of ketamine on the affected extremity has
been demonstrated to inhibit allodynia to light brushing
and hyperalgesia to punctate stimulation'”—a limita-
tion to this study was that overall pain intensity was not
assessed as a clinical outcome. A ketamine-morphine
combination treatment has been shown to be more effec-
tive than placebo in reducing pain and normalizing cer-
ebral pain processing, as observed by functional MRIL.'?
Nevertheless, the overall quality of evidence regarding
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treatment of CRPS-related pain with intravenous or
topical ketamine, memantine or dextromethorphan is
limited,*''" and adverse effects limit their application.
Further studies are necessary to assess the efficacy and
risk—benefit ratios of these approaches.

Epidural spinal cord stimulation (SCS) has also been
suggested to reduce central sensitization. One study
investigating SCS combined with physiotherapy in
patients with treatment-refractory CRPS showed that
in the first 2 years following implantation, pain reduction
was more pronounced in the patients in the SCS group
than in patients receiving physiotherapy alone;'*'"3
however, 5 years following implantation, the difference
between the two groups was undetectable,'' and the rate
of complications in the SCS group (caused for example,
by malfunctioning of the pulse generator or lead disloca-
tion) increased. When the complication rate and costs
are taken into account, SCS seems to be useful only in
selected patients, after a strict diagnostic evaluation.

Addressing descending inhibitory pathways
Antidepressants (tricyclic antidepressants and selective
serotonin and noradrenaline reuptake inhibitors) are
thought to strengthen descending inhibitory activity, and
have proven to be effective in different neuropathic pain
conditions, but there is no direct evidence from RCTs to
support the use of antidepressants in CRPS.>*%!

Clonidine, an a2 adrenergic agonist, modulates the
descending inhibitory pathways. In selected patients with
severe refractory CRPS, epidural application of clonidine
reduced pain up to 6 h after treatment, but it had impor-
tant adverse effects, such as sedation and hypotension.'”
Due to limitations in study design, low sample size, and
short follow-up duration of only 6 h, the level of evi-
dence for the efficacy of epidural clonidine in treatment
of CRPS was judged to be low™ and, given the potential
adverse effects and invasive procedure, its administration
should be limited to cases that are refractory to other
treatments. Oral antidepressants, however, should be
considered to address the neuropathic component of
pain in CRPS.*

Afferent-efferent feedback disturbance

Body perception disturbances

Processing of nociceptive stimuli is not restricted to the
nociceptive afferent pathways, but involves an exten-
sive cortical network that includes the somatosensory,
insular and cingulate areas, as well as frontal and pari-
etal areas that are necessary for conscious perception,
attentional modulation and control of vegetative reac-
tions.!'*'*¥ Dysfunction of proprioceptive afferent feed-
back from the affected tissue to subcortical and cortical
centres involved in perception of the body and regula-
tion of somatomotor and visceromotor reactions has
been hypothesized to have a major role in the mecha-
nisms that underlie CRPS.*'"¥ Some patients with CRPS
show symptoms that are reminiscent of neurological
neglect,'®!13120-122 glthough in contrast to the classic
neurological neglect, patients are aware of their disturb-
ances. This finding has led to the suggestion that these
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neglect-like symptoms,'? which are limb-specific and
correlate positively with intensity of pain and decreased
tactile acuity,'*'** might be better described as ‘body
perception disturbance’"?

Some patients with CRPS exhibit shrinkage of the
somatotopic map within the primary somatosensory
cortex that represents the affected extremity. Pain inten-
sity and mechanical allodynia correlate with the shrink-
age of the somatotopic map,'* and clinical improvement
correlates with restoration of the map.'**'*” Changes
in cortical representation due to deafferentiation or
enhanced nociceptive input are likely to contribute
to the observed body perception disturbances, and
these changes might, in turn, lead to disruption of
afferent-efferent feedback.

The importance of visual controf

Nociceptive processing is known to be influenced by
visual input.'**** When participants look at their own
body, their neural responses to painful stimuli are reduced
and they report that the perceived intensity of pain is
decreased—a phenomenon called visually induced analge-
sia. Visual distortion of the body size can modulate pain
perception. For example, visually shrinking the appear-
ance of a phantom limb reduced phantom limb pain,'*
and in chronic hand pain, similar visual shrinkage of the
limb decreased movement-evoked pain and swelling.'*!
A mismatch between the perceived location of the stim-
ulus within an anatomical (or somatotopic) and visuo-
spatial frame of reference has been suggested to account
for this phenomenon.'*

Compared with healthy controls, patients with CRPS
display difficulties in positioning of both the affected and
unaffected limb, and position accuracy of the affected
limb significantly improves with visual control.’** Vision,
body perception disturbance and pain perception are
known to be closely linked in CRPS.”¢ Conflicting
visual information can generate pain and/or sensory
disturbances, asymmetric peripheral vasomotor sympa-
thetic responses and dystonic reactions in some patients
with CRPS. 137138

Confiict of sensory and motor information

In the presence of altered body perception and cortical
reorganization, the motor and sensory maps no longer
accurately portray the actual location of body parts,
potentially resulting in disrupted sensorimotor func-
tion, which can lead to pain generation.'**"* Indeed,
a study of healthy volunteers demonstrated that sensori-
motor conflict, induced by incongruent movements of
corresponding limbs while viewing one of the limbs in a
mirror, could induce pain and sensory disturbances, such
as differences in temperature perception in the hidden
limb.'"" In CRPS, touching the unaffected extremity
while viewing it in a mirror induced pain or paraesthesia
at the corresponding site on the affected hidden limb.'*

Re-establishing the afferent-efferent mismatch
Physiotherapy and occupational therapy are considered
to be the most important treatments in CRPS.'* Clinical
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experience and RCTs clearly indicate that physiotherapy
is of the utmost importance to reduce pain and restore
the function of the affected limb. Occupational therapy
can further facilitate rehabilitation.'"*"** Standardized
physiotherapy has been shown to provide long-term
pain relief and functional improvement in children
with CRPS.'*

The incongruence between motor intention, proprio-
ception and vision has been hypothesized to result in an
affective sensation of pain; therapy might, therefore, be
best directed at restoring the integrity of cortical infor-
mation processing.'” Indeed, pain and other patho-
logical features of CRPS were alleviated when, once a
day for 2 weeks, patients performed a target-pointing
task while wearing prismatic goggles that produced a
visual displacement toward the unaffected side.**'*°
Furthermore, mirrored visual feedback is a common
treatment in CRPS, although evidence of efficacy is
mainly based on studies assessing its benefits in post-
stroke CRPS.” Graded motor imagery, consisting of a
fixed-sequence combination of a hand laterality recogni-
tion task, imagined hand movements and mirror therapy
has been shown to reduce pain and improve function
in CRPS,"*"32 but the evidence should be interpreted
with caution because of the small sample size and the
methodological limitations of these studies.

Central motor disorders

Intrathecally administered baclofen—a y-aminobutyric
acid receptor type B agonist—has been shown to be effec-
tive in the treatment of dystonia in CRPS;'>*"** however,
the studies reported many complications and adverse
effects associated with baclofen and the intrathecal deliv-
ery device, including somnolence, psychiatric symptoms,
urine retention, post-puncture headache, leakage of
cerebrospinal fluid, and infection and dislodgement or
migration of the catheter device.'™ The small sample sizes
and limitations of study design mean that these studies
provide only level 3 evidence in support of intrathecal
baclofen in CRPS.!!

Psychological symptoms
Various psychological symptoms such as anxiety,
depression and personality disorders are not uncom-
mon in CRPS,'*5'* but whether these symptoms pre-
dispose patients to the development of CRPS, or are
secondary to CRPS (for example, resulting from chronic
pain), is under debate. According to most studies, the
psychological characteristics of patients with CRPS do
not differ from those of patients with other chronic
pain conditions.” ! Furthermore, most prospective
studies have not found unique psychological charac-
teristics or increased frequency of psychological symp-
toms in patients who developed CRPS compared with
those who recovered from the initial injury unevent-
fully.'®*'%* Indeed, a recent review concludes that there
is no support for specific personality or psychopathology
predictors of CRPS.'®

Despite these findings, CRPS is clearly associated
with negative psychological health outcomes, such as
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increased depression and anxiety as a consequence of
pain and disability,'® and psychological and behavioural
factors can, in turn, contribute to the pathophysiology of
CRPS. One possible mechanism by which psychological
symptoms can influence CRPS is systemic catecholamine
release due to chronic stress as a result of depression,
anxiety, pain or other life stressors, which can result in
increased perception of pain and exacerbation of vaso-
motor signs via upregulation of adrenergic receptors and
sympatho-afferent coupling,'¢>1¢7

Supporting the idea that psychological comorbidi-
ties can exacerbate CRPS, a prospective, randomized,
single-blind trial of physical therapy and cognitive—
behavioural treatment for children and adolescents
with CRPS showed a long-lasting improvement of pain
and motor function.'®® To date, this is the only RCT to
investigate the efficacy of psychological interventions in
CRPS; however, several uncontrolled studies suggest that
various forms of relaxation training, biofeedback, and
cognitive and behaviourally focused interventions could
be beneficial.'"!

Conclusions

The pathophysiology of CRPS is complex. Various
approaches to understand and explain the patho-
physiology of CRPS have resulted in several treatment
opportunities, but only a few studies have evaluated
mechanisms-based treatment options. One important
explanation for the lack of such trials might be the rela-
tively low prevalence of CRPS and the interindividual
variations in clinical signs and symptoms, which reflect
the heterogeneity of the underlying mechanisms.

Frettloh, J., Huppe, M. & Maier, C. Severity and

Network-based multicentre studies could provide large
samples of patients, improve opportunities for stratifica-
tion, and thereby aid evaluation of potential treatments.
CRPS is a severe disease, and successful treatment would
ideally require a multidisciplinary approach consisting
of pharmacotherapy, interventional treatment, physio-
therapy, occupational therapy and psychological coun-
selling or treatment. Such an approach, however, makes
the investigation of single mechanism-based treatment
options difficult. Research into mechanism-based treat-
ment in CRPS will be a tightrope walk between what
is ethically possible and what is necessary to improve
treatment of CRPS and, hence, the quality of life
of patients.

Review criteria

For this Review, a search for (preferably) recently
published original articles focusing on pathophysiology
and treatment of complex regional pain syndromes
(CRPS) was performed in MEDLINE and PubMed. The
main search terms used were “complex regional pain
syndrome”, “CRPS”, “reflex sympathetic dystrophy”,
“Sudeck”, “algodystrophy”, “pathophysiclogy”,
“mechanisms”, “treatment”, “randomized controlled
trial” and the specific pathophysiological mechanism
addressed, such as “sympathetically-maintained pain”,
“inflammation” or “central sensitization”, alone and in
combination with the main search terms. All articles
identified full-text papers written in English or German. We
also searched the reference lists of identified articles for
further relevant papers. When not specifically mentioned,
only studies conducted in adult patients with either CRPS
type 1 or 2 were included.
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