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Pain may be a leading symptom in complex regional pain
syndrome type I (CRPS I) and may hinder functional recovery.
In this case, a pharmacotherapeutic approach to pain should be
part of the individually tailored interdisciplinary treatment reg-
imen. However, operational criteria for determining which
patient may profit from what therapeutic intervention are lack-
ing. This article discusses a conceptual framework in which the
rapid progress made in basic pain research may contribute to
the clinical management of pain in CRPS I. First, recent in-
sights in the pathophysiologic mechanisms underlying CRPS I
are reviewed. CRPS I is considered a neuropathic pain syn-
drome with a mixed and time-dependent profile of a regional
inflammation, sensitization of primary somatosensory afferents
(peripheral sensitization), and sensitization of spinal neurons
(central sensitization). The dominant mechanisms may vary
across individual patients with different time profiles. Second,
a model was constructed in which signs and symptoms in an
individual patient are related to these mechanisms. Finally,
relating the clinical picture to the underlying pathophysiology
may help determine the pharmacotherapeutic approach for an
individual patient. Pharmacologic options are discussed in this
context. The presented framework does not aim to provide an
evidence-based treatment algorithm, ready to be used in daily
clinical practice; rather it offers a crude, first step toward a
mechanism-based pharmacotherapy in CRPS I, in an effort to
shift from a mainly empirical treatment paradigm toward the-
ory-driven treatment procedures.
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REFLEX SYMPATHETIC DYSTROPHY is a pain syn-
drome associated with vasomotor and sudomotor abnor-

malities. Numerous names have been attributed to this syn-
drome, all sharing a lack of formal, standardized diagnostic
criteria. In response to this problem, the International Associ-

ation for the Study of Pain (IASP) in 1994 introduced the term
complex regional pain syndrome type I (CRPS I) (table 1).1

A well-accepted treatment algorithm for CRPS I is lacking.
Treatment regimens for CRPS I vary widely and may include
physical therapy, sympathetic nerve blocks, tricyclic antide-
pressants (TCAs), opiates, anticonvulsives, and psychologic
treatment.2 In a consensus meeting of leading experts on CRPS
I, IASP aimed to counterbalance this heterogeneous approach.
It was stated that functional recovery through a measured pace
should at all times be the ultimate goal of treatment.3 Initially,
desensitization and overcoming fear of movement is consid-
ered important, allowing the limbs to be touched and the
patient to start moving. This phase should be followed by
isometric strengthening, stress loading, and general aerobic
conditioning. The last step should be aimed at complete func-
tional recovery. Psychologic management may be necessary in
the case of overprotection, fear of movement, irrational infer-
ences, or psychiatric problems such as depression. It was also
stated that if pain is a limiting factor in achieving progress,
pharmacologic treatment is indicated. However, guidelines for
the choice of pharmacotherapy in CRPS I are lacking.

The present article therefore describes a conceptual frame-
work in which recent insights into the mechanisms underlying
pain in CRPS I are discussed and related to pharmacologic
treatment. First, CRPS I is discussed in the context of progress
made in basic research on neuropathic pain. Second, how the
clinical assessment of the individual patient may refer to the
underlying mechanisms is discussed. Finally, a model is con-
structed in which the signs and symptoms of an individual
patient may help target pharmacotherapy to underlying mech-
anisms.

CRPS I: A NEUROPATHIC PAIN SYNDROME
Pain is a leading symptom in CRPS I. However, its actual

cause remains obscure, and its treatment is underevaluated.4 By
its definition, neuropathic pain is initiated or caused by a
primary lesion or dysfunction in the nervous system and, as
such, pain in CRPS I may be considered as of neuropathic
origin.1 In neuropathic pain, the relation between the etiology
of pain and presenting symptoms is very complex. Diseases of
different etiologies may have common pain mechanisms, a
single mechanism may explain different symptoms, and, fur-
thermore, a similar symptom in separate patients may be
caused by different mechanisms.5,6

Normal sensory function depends on a critical equilibrium
between neurons and their environment, and a disruption of
this equilibrium may initiate profound changes in sensory
function. Functional alterations in the complex interactions
between neurons and their environment seem to play a pivotal
role in CRPS I, and basic research focuses on mechanisms such
as peripheral and central sensitization of somatosensory affer-
ents and the influence of the sympathetic nervous system on
them. These mechanisms are reviewed briefly later.

Peripheral Sensitization
Noxious messages arise from free unmyelinated terminal

arborizations in cutaneous, muscular, and joint tissues.7 Some
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of these fibers specifically act as nociceptors, and various types
have been identified, such as polymodal nociceptors (respon-
sive to thermal, mechanical, and chemical stimuli), A� mech-
anothermal nociceptors, and high-threshold A�-mechanorecep-
tors. Other fibers are not specific nociceptors. They are
activated by nonnoxious stimuli, with increasing activity as the
intensity of the stimulus increases. The sensitivity of this
complex and heteromodal peripheral terminal of afferents is
not fixed.8 Under pathologic conditions, such as inflammation,
the responsiveness of the primary afferents may increase (pe-
ripheral sensitization). Indeed, an excessive inflammatory re-
sponse in CRPS I has been suggested.9,10 A variety of chemical
mediators, present in the “inflammatory soup” surrounding the
primary afferents, have been identified.11 These mediators are
of vascular origin or are produced by the damaged tissue,
afferent fibers themselves, sympathetic fibers, and/or various
immune cells.

The reactive oxygen species—such as hydrogen peroxide,
superoxide, and hydroxyl species—may cause oxidative stress
and enhance the effects of other inflammatory mediators, such
as bradykinin and prostaglandin.12 Nitrous oxide, another re-
active molecule with proinflammatory actions, may contribute
to ectopic discharges in primary afferents. These and many
other mediators (eg, protons, kinins, prostanoids, serotonin,
histamine, adenosine triphosphate) take part in a series of
responses that cause changes in local blood flow, vascular
permeability, activation and migration of immune cells, as well
as in changes in the release of growth and trophic factors from
surrounding tissue. These processes induce a state of hyperex-
citability, mobilizing local defense mechanisms and contribut-
ing to the prevention of (re)traumatization. Several ion chan-
nels are involved in peripheral sensitization. Sodium channels,
especially the ones insensitive to tetradotoxin, calcium chan-
nels, and the capsaicin or vanilloid receptor, are the most
prominent ones.13-15

Central Sensitization
In addition to impulse generation and propagation, C fibers

display axonal transport of chemicals such as glutamate and
substance P. This so-called chemical signaling causes an in-
creased responsiveness of dorsal horn neurons to all forms
of input (central sensitization). The N-methyl-D-aspartate
(NMDA) receptor is especially important in this process.16-18 A
change in phenotype and anatomy of afferents may also con-
tribute to the increased sensitivity of spinal cord neurons.19 In
the case of inflammation, A beta fibers start expressing sub-
stance P and calcitonine gene–related peptide. These transmit-

ters are involved in central sensitization and are normally only
produced by C and A delta fibers in transmitting nociceptive
signals. Via this route, nonnoxious stimuli that activate A beta
fibers may start contributing to central sensitization. Further-
more, sprouted A beta fibers invade lamina II where they
interact with neurons that normally receive nociceptor input via
C fibers. The sprouting causes lamina II to start receiving
nonnoxious stimuli, offering an anatomic substrate in which
nonnoxious stimuli may be misinterpreted as noxious.

Sympathetically Maintained Pain
For many years, pain relief after sympathectomy was con-

sidered pathognomonic for CRPS I; sympathectomies have
been used as diagnostic tests and were considered first-choice
treatment.20 Today, the pivotal role of sympathetic vasocon-
strictor hyperactivity in regional vasomotor and sudomotor
abnormalities in CRPS I is questioned.21,22 Nevertheless, the
contribution of the sympathetic nervous system to CRPS I
remains undetermined. In neuropathic pain, activity in sympa-
thetic neurons may cause excitation of primary afferents, gen-
erating pain. This phenomenon is known as sympathetically
maintained pain (SMP). However, especially in more chronic
stages, sympathectomy may fail to relieve pain (sympatheti-
cally independent pain [SIP]).23 Almost any type of neuro-
pathic pain disorder, such as phantom pain, metabolic neuro-
pathies, herpes zoster, and CRPS I, may manifest with
elements of SMP or SIP. Pain may be mixed SMP and SIP, and
the relative contribution of SMP may vary over time.

Animal models with partially lesioned nerves have revealed
several mechanisms that may explain how sympathetic dis-
charge may lead to neuropathic pain. These include the sprout-
ing of sympathetic afferents to the axons and dorsal root
ganglia of the primary afferents (basket formation) and the
expression of � adrenoreceptors on injured and uninjured ax-
ons.24 Sympathetic outflow also triggers depolarization of un-
injured C fibers, however, only when these afferents are em-
bedded in an inflamed skin.25,26 Furthermore, activated �2-
adrenergic autoreceptors on the sympathetic terminal evoke the
synthesis of prostaglandin, which is involved in the sensitiza-
tion of the C afferents.27,28 The responsiveness of C afferents to
sympathetic outflow is to be considered physiologic and should
subside when the inflammation subsides. The pathology (SMP)
appears when the inflammation persists or when the adrenergic
responsiveness does not disappear.29

HOW THE SIGNS AND SYMPTOMS OF
NEUROPATHIC PAIN RELATE TO THE

MECHANISMS
As discussed, multiple mechanisms underlying pain may

operate simultaneously or on different time scales. It is the
clinician’s challenge to identify the mechanisms operating in
an individual patient and to target treatment for them. Woolf
and Decosterd5 and Woolf and Mannion6 have formulated a
preliminary framework to achieve this.

Stimulus-Independent Pain
A regional inflammatory reaction may cause functional and

even phenotypical changes in primary afferents, resulting in
altered discharge patterns. Spontaneous depolarization of pri-
mary afferents, independent of any sensory stimulus, is a key
characteristic of peripheral sensitization.6 In C fibers, this may
cause persistent burning pain, in A delta afferents a sharp
lancinating pain, and in A beta fibers—which normally signal
nonnoxious stimuli—a dysesthetic tingling sensation.

As discussed earlier, the spontaneous activity of sensory
neurons, as a key characteristic of peripheral sensitization, may

Table 1: IASP Criteria for CRPS I

1. The presence of an initiating noxious event, or a cause of
immobilization.

2. Continuing pain, allodynia, or hyperalgesia in which the pain is
disproportionate to any inciting event.

3. Evidence at some time of edema, changes in skin blood flow, or
abnormal sudomotor activity in the region of pain.

4. This diagnosis is excluded by the existence of conditions that
would otherwise account for the degree of pain and
dysfunction.

NOTE: When the criteria 2 through 4 have to be satisfied, this is not
the case for the presence of an initiating event. Atrophy (of hair,
nails, and other soft tissues), alterations in hair growth, loss of joint
mobility, impairment of motor function, and sympathetically main-
tained pain may be associated signs and symptoms but are not used
for diagnosis.
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depend on several mechanisms11-15: (1) an accumulation or
activation of specific ion channels (sodium, calcium, vanilloid
receptor), (2) SMP may be a component of stimulus-indepen-
dent pain, and (3) decreased inhibitory input at a spinal level.
Descending control of pain is manifested via pathways that
originate at the level of the cortex, the thalamus, and the brain-
stem.30 Serotonin, noradrenaline, �-aminobutyric acid
(GABA), and the endogenous opioids are the main transmitters
that are involved in the descending modulation of pain.

Stimulus-Evoked Pain
In physiologic conditions, pain is only elicited by intense

mechanical, thermal, or chemical stimuli. In pathologic condi-
tions, a state of an exaggerated sensitivity to mechanical,
thermal, or chemical stimuli occurs with 2 key features: hy-
peralgesia and allodynia.6 Hyperalgesia is an increased pain
response to what would normally be a suprathreshold noxious
stimulus, and results from abnormal processing of nociceptor
input. Allodynia is a pain response caused by what would
normally be a nonnoxious stimulus. Allodynia can be caused
both by decreased thresholds of peripheral C afferents, as in
peripheral sensitization, and by a state of hyperexcitability in
the dorsal horn of the spinal cord, as in central sensitization.
Because these 2 different causes of allodynia cannot be distin-
guished clinically, assessing allodynia does not help to target
treatment to peripheral or central sensitization. Hyperalgesia,
on the other hand, represents an NMDA-mediated state of
hyperexcitability with increased responses of dorsal horn neu-
rons to peripheral stimuli (central sensitization). It is charac-
terized by tactile or dynamic hyperalgesia, cold hyperalgesia,
and pinprick hyperalgesia, and may manifest in 3 ways: en-
largement of the area in the periphery where a stimulus will
activate neurons, increased responses to suprathreshold stimuli,
and previously subthreshold inputs that initiate action poten-
tials.

CLINICAL IMPLICATIONS
In CRPS I, a prolonged regional inflammation may induce

sensitization of primary and secondary somatosensory afferents
(peripheral and central sensitization). These aspects of neuro-

pathic pain may be present in each patient in a unique individ-
ual mix and with different time profiles. Both the sensitization
of the somatosensory afferents as well as the regional inflam-
matory reaction are determined by mechanisms that add to-
gether and have only partially been elucidated. To improve the
efficacy of pharmacologic treatment in CRPS I, effort should
be made in aiming treatment at the dominant mechanisms
underlying the regional inflammation and peripheral and/or
central sensitization in an individual patient at a specific mo-
ment in time. Although most available drugs lack the specific-
ity to fit in this model of mechanism-based prescription, drug
classes that are commonly used in neuropathic pain are dis-
cussed to show the concept (table 2).

Regional Inflammatory Reaction
The presence of neuroimmune interactions in neuropathic

pain suggests responsiveness to immunosuppressive therapy.
Indeed, there is some preclinical evidence with cyclosporine,
thalidomide, and methotrexate to support this.29,31 Immuno-
suppressives are not used in the clinical management of
neuropathic pain. Drugs that are commonly used to treat the
inflammatory symptoms of CRPS I are nonsteroidal anti-in-
flammatory drugs (NSAIDs), corticosteroids, and free-radical
scavengers.

Corticosteroids are known to relieve neuropathic pain in
animal models.29 In a recent review on controlled clinical trials
in CRPS, Kingery32 showed that oral corticosteroids are the
only drug effective with long-term results. A similar result was
obtained in a systematic review33 on treatment of poststroke
shoulder hand syndrome, often associated with CRPS I. Reac-
tive oxygen species are known to be involved in inflammatory
processes and are suggested to be involved in CRPS I. Well-
designed studies34,35 on the scavengers dimethyl sulphoxide
(DMSO) and vitamin C support this hypothesis. In a prospec-
tive, randomized and double-blind study,34 16 patients treated
with 50% DMSO were compared with 15 patients treated only
with an indifferent fatty cream. The group treated with 50%
DMSO exhibited significantly reduced inflammatory symp-
toms in CRPS I without a significant pain relief. In another
randomized clinical trial,35 52 patients with 54 wrist fractures

Table 2: Mechanism-Based Pharmacotherapy in CRPS I

Symptoms/Signs Mechanisms Drug Target Drug (classes)

Stimulus-independent pain Peripheral sensitization Regional inflammation Corticosteroids
Scavengers*
NSAIDs*

Ion channels TCAs*
SSRIs
Anticonvulsants
Anesthetics
Capsaicin

Spinal pain modulation Opiates
Tramadol
Clonidine
TCAs
Gabapentin

Sympathetic nervous system Guanethidine
Bretylium
Ketanserin

Stimulus-evoked pain Central sensitization NMDA receptor Ketamine
Amantadine

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, serotonin-selective reuptake inhibitors.
* See text.
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were treated with vitamin C and compared with 63 patients
with 65 wrist fractures treated with placebo. CRPS I occurred
in 7.4% of the patients treated with vitamin C and in 21.5% of
those treated with placebo. These studies may seem promising,
but should be repeated with larger numbers of patients.

NSAIDs share the ability to inhibit the cyclooxygenase-
mediated synthesis of prostaglandins, important mediators of
inflammatory hyperalgesia. Besides the peripheral anti-inflam-
matory action of NSAIDs, an analgesic action by blocking
spinal nociceptive processing has been emphasized.11,36 How-
ever, the results of NSAIDs in several neuropathic pain trials
are mixed, and well-designed studies in CRPS I are lacking. In
a study by Rico et al,37 NSAIDs failed to show any effect in
CRPS I. Nevertheless, the IASP consensus report states that
NSAIDs should be considered, especially when treating the
early manifestation of the inflammatory signs of CRPS I.3

Stimulus-Independent Pain

When pain is stimulus independent, treatment should be
aimed at the mechanisms underlying the sensitization of the
primary somatosensory afferents. Ion channel blockers, sym-
pathectomy, or drugs that facilitate spinal inhibitory mecha-
nisms, such as opiates and clonidine, may be used38 (table 2).

Ion channel blockers may be considered the drug treatment
of choice in cases of stimulus-independent pain. TCAs are the
first drugs proven effective in neuropathic pain.39 Sindrup and
Jenssen40 have calculated that TCAs, which cause a balanced
reuptake inhibition of both serotonin and noradrenaline (imip-
ramine, amitriptyline, clomipramine), have a number needed to
treat of 2.0 (1.7–2.5) in painful polyneuropathy. This means
that if 2 patients are treated, 1 will experience at least 50%
relief of pain. The relative selective noradrenaline reuptake
blockers desipramine and clomipramine seem less effective,
with a number needed to treat of 3.4 (2.3–6.6). The efficacy of
TCAs in treating neuropathic pain may even be enhanced if
they are not dosed according to effects and side effects but to
optimal plasma levels. However, TCAs are also well known
because of their bothersome side-effect profile. The newer
antidepressants, the serotonin-selective reuptake inhibitors
(SSRIs), have a more favorable side-effect profile. However,
SSRIs seem less effective as analgesics in neuropathic pain,
with a number needed to treat of 2.9 (paroxetine) and 7.7
(citalopram).40 Carbamazepine and phenytoin exert a sodium
channel blocking effect, reducing the excitability of sensitized
C fibers. In studies on diabetic polyneuropathy, numbers
needed to treat of 3.3 (carbamazepine) and 2.1 (phenytoin)
have been calculated. The novel anticonvulsant gabapentin has
a more favorable side-effect profile than carbamazepine and
blocks the voltage gated calcium channel in the terminals of the
primary afferents.14,41 Its effectiveness in CRPS I has been
described in a case study.42 In a randomized controlled trial43

on painful diabetic polyneuropathy with 165 patients, a number
needed to treat of 3.7 (2.4–8.3) was reported.

Other ion channel blockers such as mexiletine (the oral
analog of lidocaine), lidocaine patches, or capsaicin are used in
treating neuropathic pain, but their efficacy has not been con-
vincingly shown.40,44

Pain in CRPS I may be SMP. However, sympathectomy in
CRPS I remains controversial. Kingery’s meta-analysis32

showed poor outcome with sympathectomies. Alternatives to
regional intravenous treatments with substances that mimic
guanethidine, such bretylium and ketanserin, have been re-
ported effective in single studies but have not been con-
firmed.45,46 It has been suggested that the intravenous admin-
istration of phentolamine, an �-adrenergic blocking agent, may

predict whether an SMP component is present in CRPS I and
thus if sympathectomy should be considered.47 Nevertheless,
despite the fact it has been applied for nearly a century, the
scientific support for performing sympathetectomy in CRPS I
remains weak.

Reduced inhibitory inputs, from the spinal cord or descend-
ing from the brain, may also be involved in stimulus-indepen-
dent pain. Opiates, gabapentin, TCAs, GABA-enhancing
drugs, or drugs such as clonidine that mimic descending inhi-
bition may be useful in augmenting central inhibition.48

Clonidine has been administered transdermally with patches in
diabetic polyneuropathy, orally in postherpetic neuralgia, in-
trathecally in neuropathic rats, and its use has been described in
a case study in CRPS I.49-51 However, its effectiveness has still
not been convincingly shown.32 Effective long-term treatment
with intrathecal morphine alone has been reported in 2 cases of
CRPS I.52 Orally administered oxycodone in combination with
antidepressants has been tested in postherpetic neuralgia, with
a number needed to treat of 2.5 (1.6–5.1).40 Tramadol may be
an alternative to strong opioids because of its favorable side-
effect profile, with a number needed to treat of 3.4 (2.3–6.4) in
painful polyneuropathy. However, prescribing opioids in neu-
ropathic pain remains controversial and should be considered
as the last option.32,53

Stimulus-Evoked Pain
When pain is stimulus evoked, treatment should be aimed at

central sensitization. NMDA receptors are involved in central
sensitization, and several studies report on the analgesic effects
of clinically available NMDA receptor antagonists, such as
ketamine and amantadine.17,18,54,55 However, convincing con-
trolled trials are lacking, and NMDA antagonists are known for
their side effects such as hallucinations, vivid dreaming, and
auditory and visual disturbances. The side-effect profile of
amantadine is better than ketamine, and long-term effects of
amantadine, lasting beyond the drug presence in body tissues,
have been described.17,56

CONCLUSION

Pharmacotherapy may be part of an individually tailored
multidisciplinary treatment regimen in CRPS I, when pain
hinders functional progress. However, operational criteria to
determine which patient may profit from what treatment are
absent, and sound research data on the effectiveness of phar-
macologic treatment in CRPS I are lacking. It is argued that
pain in CRPS I may be considered as being of neuropathic
origin. Basic pain research has shown that, irrespective of the
underlying pathology, different mechanisms may underlie neu-
ropathic pain (eg, accumulation of sodium channels or sensi-
tization of NMDA receptors). Mechanism-based pharmaco-
therapy as promoted by Woolf and Decosterd5 and Woolf and
Mannion6 encompasses challenges for clinicians and for clin-
ical and basic researchers. First, further insight into the mech-
anisms underlying pain should be accompanied by the devel-
opment of new diagnostic tools enabling a more accurate
categorization of pain, thereby increasing the efficiency of a
mechanism-based pain assessment. Second, drugs should be
developed with a high specificity for single mechanisms, al-
lowing mechanism-based pharmacotherapy. Finally, within the
context of evidence-based pain treatment instead of simple
global pain measures such as visual analog scale scores, new
clinical outcome measures referring to specific pain mecha-
nisms should be developed.

The presented framework is incomplete and may serve only
as a starting point for formulating a mechanism-based pharma-
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cologic treatment of CRPS I. However, if the gap between
basic pain research and clinical pain management in CRPS I is
to be bridged, the approach in which drug treatment is targeted
to the underlying mechanisms seems necessary. This will need
an intense and ongoing collaboration between clinicians and
preclinical and clinical researchers.
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