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Abstract
There have been some modest recent advancements in the research of Complex Regional Pain Syndrome, yet the
amount and quality of the work in this complicated multifactorial disease remains low (with some notable exceptions; e.g., the recent work on the dorsal root ganglion stimulation). The semi-systematic (though in some cases
narrative) approach to review is necessary so that we might treat our patients while waiting for “better research.”
This semi-systematic review was conducted by experts in the field, (deliberately) some of whom are promising
young researchers supplemented by the experience of “elder statesman” researchers, who all mention the system
they have used to examine the literature. What we found is generally low- to medium-quality research with small
numbers of subjects; however, there are some recent exceptions to this. The primary reason for this paucity of research is the fact that this is a rare disease, and it is very difficult to acquire a sufficient sample size for statistical
significance using traditional statistical approaches. Several larger trials have failed, probably due to using the
broad general diagnostic criteria (the “Budapest” criteria) in a multifactorial/multi-mechanism disease.
Responsive subsets can often be identified in these larger trials, but not sufficient to achieve statistically significant results in the general diagnostic grouping. This being the case the authors have necessarily included data
from less compelling protocols, including trials such as case series and even in some instances case reports/empirical information. In the humanitarian spirit of treating our often desperate patients with this rare syndrome,
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without great evidence, we must take what data we can find (as in this work) and tailor a treatment regime for
each patient.
Key Words: Complex Regional Pain Syndrome; CRPS; Reflex Sympathetic Dystrophy; RSD; Diagnostic Criteria; Treatment Guidelines

Introduction
This is the fifth edition of the Diagnostic and Treatment
Guidelines for Complex Regional Pain Syndrome (CRPS;
also known as Reflex Sympathetic Dystrophy [RSD],
causalgia). These guidelines have been sponsored by the
Reflex Sympathetic Dystrophy Syndrome Association
and are written by expert practitioners in each discipline
that is traditionally utilized in the treatment of CRPS [1].
There is a fairly recent, excellent, rigorous systematic review of the treatment literature in CRPS [2] which confirmed there is only modest high-quality research in the
area. Nonetheless, in this “evidence vacuum” we still
have a responsibility to treat. Certainly, we must develop
better evidence, but our patients cannot wait for that.
Thus, although the authors of these practical guidelines
all utilized a systematic approach to reviewing the available and relevant literature, they have also included less
rigorous, preliminary research reports, often supplemented by extensive empirical experience. The authors
perforce must also extrapolate from “related conditions”
(e.g., neuropathy [3]). The research quality, clinical relevance and “state of the art” of diagnostic criteria or
treatment modalities are discussed, sometimes in considerable detail. Where there have been no discernable
updates in areas since the 4th edition, text from that has
been kept, sometimes verbatim.
These guidelines are intended to serve as an aid to the
informed practitioner. They are not intended to replace
or supplant the clinician’s best judgment, experience,
training and/or a careful consideration of the clinical context. Although every reasonable attempt has been made
to minimize the bias of the authors, it must be recalled
that, in context, all the experts are to a degree biased to
“their” therapeutic approach.
Detailed sections are provided as a guide and informational source not only to the “expert” in CRPS therapy
but also the primary practitioner who is interested. Levels
of evidence are mentioned when appropriate (Table 1), so
that the practitioner can better assess the modality under
discussion and, if desired, to personally review the citations in detail. In the humanitarian spirit of making the
most of all current thinking in the area, balanced by a

careful case by case analysis of the risk/cost versus benefit
analysis, we offer these “practical” guidelines.

Diagnosis
Historically, Complex Regional Pain Syndrome (CRPS) has
been referred to by many names, with Reflex Sympathetic
Dystrophy (RSD) and Causalgia the best known. Both
terms are sometimes still used inappropriately, and there
are no validated diagnostic criteria for either. The historical
evolution of terms and diagnostic criteria for CRPS is interesting and colorful but is beyond the scope of this review.
Interested readers are referred to the prior version of this review for a more detailed history [3].
The label CRPS originated at an international conference held in Orlando, Florida, in 1994 [4, 5] that led to
the first consensus-based diagnostic criteria for CRPS
adopted by the International Association for the Study of
Pain (IASP) [6]. These 1994 IASP criteria for CRPS were
necessary and important, yet experience gained from developing and systematically improving diagnostic criteria
for headache and psychiatric disorders highlighted the
necessity of validating and modifying such preliminary
consensus-based criteria through systematic validation
research [7].To this end, a series of validation studies
were conducted, leading ultimately to an empirically derived set of CRPS criteria (the so-called Budapest
Criteria) that were adopted formally by the IASP committee on taxonomy as the new IASP criteria in 2012
(Table 2). The fact that the clinical presentation of CRPS
(and its underlying mechanisms) can differ between
patients and even within a patient over time made development of validated and clinically useful criteria somewhat more challenging. The results of these diagnostic
validation studies are now briefly reviewed to detail the
rationale for the format and content of the 2012 revised
IASP criteria.
Validation Studies
The validity of the 1994 consensus-based IASP CRPS criteria was evaluated as part of a multisite study of patients
meeting the 1994 CRPS criteria and a comparison group

Table 1. Levels of evidence (modified by consensus: used in prior versions and in this review [3])
Level 1: Meta-analysis or systematic reviews.
Level 2: One or more well-powered randomized, controlled trials, or statistically systematic validation criteria studies
Level 3: Retrospective studies, open label trials, small pilot studies.
Level 4: Anecdotes, case reports, clinical experience, empirical observations
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Table 2. Revised CRPS criteria adopted by the IASP in 2012 [3, 8]
General Features of the Syndrome:
CRPS is a syndrome characterized by a continuing (spontaneous and/or evoked) regional pain that is seemingly disproportionate in time or degree to
the usual course of any known trauma or other lesion. The pain is regional (not in a specific nerve territory or dermatome) and usually has a distal predominance of abnormal sensory, motor, sudomotor, vasomotor and/or trophic findings. The syndrome shows variable progression over time.
Clinical Diagnostic Criteria for CRPS
1) Continuing pain, which is disproportionate to any inciting event
2) Must report at least one symptom in three of the four following categories:
Sensory: Reports of hyperalgesia and/or allodynia
Vasomotor: Reports of temperature asymmetry and/or skin color changes and/or skin color asymmetry
Sudomotor/Edema: Reports of edema 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)
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 color changes and/or asymmetry
Sudomotor/Edema: Evidence of edema 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)
4) There is no other diagnosis that better explains the signs and symptoms
*A sign is counted only if it is observed at time of diagnosis.

Table 3. Factors (and factor loadings) resulting from principal components analysis of diagnostic and associated signs and symptoms of CRPS, reused by permission from [9]
Factor 1

Factor 2

Factor 3

Factor 4

Hyperalgesia Signs (0.75)

Edema Signs (0.69)

“Hyperesthesia” Symptoms (0.78)

Temperature Asymmetry
Symptoms (0.68)
Color Change Signs (0.67)

Sweating Asymmetry Signs (0.62)

Allodynic Signs (0.44)

Color Change Symptoms (0.52)

Edema Symptoms (0.61)

Decreased Range of Motion Signs
(0.81)
Decreased Range of Motion
Symptoms (0.77)
Motor Dysfunction Signs (0.77)
Motor Dysfunction Symptoms
(0.61)
Trophic Symptoms (0.52)
Trophic Signs (0.51)

Factor loadings can be interpreted as correlations between individual signs/symptoms and the overall factor on which they load. Reproduced from [Harden,
Bruehl, Galer, et al. Complex Regional Pain Syndrome: are the IASP diagnostic criteria valid and sufficiently comprehensive? Pain 1999; 83(2): 211–9] doi:
10.1016/s0304-3959(99)00104–9 with permission from Wolters Kluwer Health Inc. Journal of the International Association for the Study of Pain.

of non-CRPS neuropathic pain patients (level 2 evidence)
[9, 10]. Signs and symptoms historically associated with
CRPS were systematically-assessed in these patients using
a standardized format. These clinical data were then subjected to a series of statistical analyses to address several
questions regarding the 1994 criteria. The statistical approach used was based on one employed previously to
validate headache diagnostic criteria [11–13] and psychiatric diagnostic criteria [14]. Detailed background on diagnostic validation methods and limitations can be found
in Bruehl et al. [15].
In the first study, a statistical pattern recognition technique (principal component analysis) was used to identify
distinct, statistically-derived subgroups of CRPS signs
and symptoms (factors) as they occur in the clinical setting [9]. The format of the 1994 CRPS criteria implicitly
assumed that signs and symptoms of CRPS cluster into
two subgroups (pain/sensory and vasomotor/sudomotor/
edema), an assumption that was not supported by the
validation study [9]. Clinical features of CRPS actually

clustered into four statistically-distinct subgroups (see
Table 3 and discussion in Harden et al. [9]). The findings
of this study had three important clinical implications.
First, grouping of statistically distinct vasomotor and
sudomotor/edema features into a single criterion in the
1994 IASP criteria likely led to poor specificity and overdiagnosis of CRPS [8–10]. Second, signs of motor dysfunction (e.g., dystonia, tremor) [16–18] and trophic
features (e.g., changes in hair or nail growth) [19, 20]
long believed to be part of the clinical syndrome comprised a distinct set of interrelated CRPS features that
were entirely absent from the 1994 criteria. Finally, the
observed patterns of CRPS signs versus symptoms suggested that while they were associated as expected, both
likely provided non-redundant information that was potentially important for accurate diagnosis.
The next validity study examined the accuracy with
which the 1994 CRPS criteria were able to distinguish
CRPS patients from non-CRPS neuropathic pain
patients based on patterns of signs and symptoms [10].

S4

This appeared to be a minimal requirement for clinical
utility of the criteria. Although absence of a clear pathophysiological “gold standard” for CRPS diagnosis
made design of this study more challenging, an approach was chosen based on methods used in developing evidence-based diagnostic criteria for other
conditions with unclear pathophysiology (headache and
psychiatric disorders) [8–10, 15]. The method chosen
“stacked the deck” in favor of the 1994 criteria being
able to discriminate accurately between the CRPS and
non-CRPS neuropathic pain patients. Nonetheless, the
results of a preliminary study and a subsequent larger
study failed to support the validity of these criteria [10,
21]. In the larger more definitive study, diagnostic sensitivity of the 1994 IASP criteria (i.e., ability to detect
CRPS when it is present) was found to be quite high as
expected (0.98), but specificity (i.e., minimizing false
positive diagnoses) was poor (0.36; i.e., worse than a
coin flip), with a positive diagnosis of CRPS likely to
be correct in as few as 40% of cases [10].
The results of the validity studies above prompted development and exploration of the potential utility of proposed revised CRPS criteria informed by these findings
and designed to address the limitations identified with
the 1994 IASP criteria. These proposed revised criteria
grouped all CRPS features into one of the four statistically derived factors described above (pain/sensation, vasomotor, sudomotor/edema, motor/trophic; Table 3).
Based on the findings of Harden et al. [9], these criteria
also required the presence of a defined number of both
objective signs and self-reported symptoms of CRPS for
criteria to be met.
Using the same methodology described above, the sensitivity and specificity of the proposed revised criteria were
directly compared to diagnostic discrimination using the
1994 IASP criteria [10]. Results showed that employing a
decision rule requiring that at least two of four sign categories be positive and at least three of four symptom categories be positive for the diagnosis to be made resulted in a
sensitivity of 0.85 (i.e., capturing most CRPS positive
cases) and a specificity of 0.69, substantially improving on
the specificity of 0.36 with the 1994 criteria (and better
than most “objective” diagnostic tests). These proposed revised criteria and decision rules were reviewed at an international consensus meeting in Budapest, Hungary, in
2003, and a decision was made to conduct a second independent validation study to confirm the diagnostic findings
above. Results of this re-validation study (level 2) [8] confirmed that the “Budapest criteria” had excellent sensitivity
(0.99) and that they improved specificity substantially
(0.68) over the older criteria. Based on these findings, the
IASP Committee for Classification of Chronic Pain in 2012
formally adopted the revised criteria as part of the IASP
pain taxonomy (Table 2). These criteria, with some clarifications, are in the process of being added to the
International Classification of Diseases, 11th revision
(ICD-11) [22].
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It is important to recall that the “Budapest” criteria
were designed and developed as a broad, inclusive and
accessible screening type diagnostic criteria. CRPS is a
disease of many different mechanisms usually presenting
at different times in the course

CRPS Stages? CRPS Subtypes?
Is CRPS a uniform phenomenon across individuals, or
are there distinct subtypes and/or stages of the syndrome?
This issue of diagnostic heterogeneity, addressing
whether or not patient presentations (i.e., the overall pattern of CRPS signs and symptoms) tend to be similar
across individuals, may have significant implications for
both prognosis and treatment. Historically, three progressive stages of CRPS have been cited as important in
identifying and treating the syndrome (e.g., [23–25]), but
empirical studies indicate that the existence of such sequential stages is clinical lore and is an unsubstantiated
theory based on certain authors’ clinical experience
rather than an outcome of specific scientific study (level
4). Statistical analysis (cluster analysis) to identify CRPS
patient subgroups based on presence of similar patterns
of clinical features has failed to support the traditional sequential staging of CRPS (level 2) [26, 27]. When
patients are assigned into three subgroups based on similarity of CRPS features, pain duration is similar across
the groups, unlike what would be expected if the traditional sequential stages of CRPS were valid [26, 27].
Results of the first such study [26], for example, identified distinct patient subgroups characterized by: (1) a relatively limited syndrome with vasomotor signs
predominating, (2) a relatively limited syndrome with
neuropathic pain/sensory abnormalities predominating,
and (3) a florid CRPS syndrome with a wide array of
CRPS features similar to “classic RSD” descriptions.
Both studies addressing this issue found statistical evidence for this latter, more severe CRPS patient subgroup
[26, 27].
In conclusion, these findings argue against the historical three sequential stages of CRPS [26, 28–30].
Nonetheless, lack of support for traditional sequential
stages does not invalidate the concept of other CRPS subtypes that may evolve over time. One promising candidate, consistent with clinical observations, is the
distinction between “warm CRPS” and “cold CRPS.” A
large, international, prospective multi-site study tested
whether distinct warm and cold CRPS subtypes could be
identified solely using unbiased statistical pattern recognition (i.e., no a priori assumptions). Results of cluster
analysis using automated cluster selection revealed a
warm CRPS patient cluster characterized by a warm, red,
dry and edematous extremity, and a distinct cold CRPS
patient cluster characterized by a cold, blue, sweaty and
less edematous extremity (level 2) [31]. Consistent with
clinical observations, median CRPS duration was much
shorter in the warm CRPS subtype (4.7 months) than in
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the cold CRPS subtype (20 months), with comparable
pain intensity across these subtypes [31]. Although a
warm presentation is by far the most common in early
CRPS, a small subgroup of patients was noted who had
CRPS of brief duration yet displayed a cold CRPS pattern, a group provisionally-labelled “primary cold
CRPS” [31]. Further bearing on the issue of temporal sequencing of these subtypes, a score reflecting total number of inflammatory features was found to be
significantly elevated at baseline in the warm subtype relative to the cold subtype, with these elevations significantly diminishing only in the warm CRPS subtype over
a 3-month follow-up period. This pattern is what might
be expected if cold CRPS reflected a relatively stable
chronic non-inflammatory condition, whereas warm
CRPS were more of an acute inflammatory state subject
to a later transition in phenotype. Future application of
comparable analytic methods to the complexities of
CRPS may permit the identification of other discrete
CRPS subgroups which may eventually permit more effective targeting of treatment interventions [32].
Although potentially important clinically, classification
of “warm CRPS” vs “cold CRPS” in diagnosis remains at
present an informal subtyping. There remains some hesitancy among experts to making this distinction a
“formal” CRPS subtype until additional research is conducted, although there is agreement that clinicians should
note whether a patient’s CRPS presentation is predominately warm or cold, given its possible implications for
prognosis and treatment [22]. It is important to note that
at this time there is no evidence to suggest that
“subtyping” in any way obviates the need for interdisciplinary care, and subtyping (presumably reflecting different mechanisms) may be most relevant to predicting
responses to individual interventions.
A recent IASP consensus meeting in Valencia, Spain,
addressed another important CRPS diagnostic subtype issue [22]. In both the 1994 and 2012 versions of the IASP
criteria, there was no CRPS subtype category to capture
patients who had previously been diagnosed with CRPS,
then improved sufficiently to no longer meet the full criteria but suffered from continued symptoms requiring
ongoing care. This significant clinical issue prompted the
proposal of a new formal CRPS subtype termed “CRPS
with Remission of Some Features.” This subtype will be
included in the new ICD-11 version of the CRPS criteria.
It should be applied only to patients who were documented to meet full CRPS criteria at an earlier point in
time but who currently do not display sufficient signs
and symptoms to meet full criteria. Patients in this category are not necessarily improved with regards to pain
intensity nor are they free of all CRPS-related signs and
symptoms [22], and they may “relapse.” We empirically
note the occasional patient who may fully meet diagnostic criteria one day and not the next. It is critical for legal
and insurance reasons that temporarily not meeting criteria, for whatever reason, is not considered equal to a
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“cure” of the condition, particularly given the known lability of CRPS features.
A final CRPS subtyping issue is the distinction between CRPS-Type I (without “major nerve damage”)
and CRPS-Type II (with “major nerve damage”; see
Table 2). This is an historical distinction carried over
into the 1994 IASP CRPS criteria based on the previously
separate diagnostic categories of RSD (now CRPS-Type
I) and Causalgia (now CRPS-Type II). At the time of the
Budapest consensus group meeting, there was broad
agreement that problems do exist with creating this division given the large overlap in clinical features between
them (i.e., the primary diagnostic criteria are identical).
The group was concerned that these divisions are dependent on nebulous definitions of what constitutes “major
nerve damage,” and regarding what tests or criteria were
necessary to make this distinction (e.g., electrodiagnosis,
which is almost always too painful). Despite agreement
that the CRPS-Type I vs. Type II distinction may neither
be clinically significant nor affect the specific therapeutic
method used, this distinction was retained by the
Budapest group largely for historical reasons, and
remains a formal subtype in the 2012 IASP CRPS criteria
and the CRPS criteria to be included in the new ICD-11,
pending more data.

Beyond Dichotomous Diagnosis: Assessment of CRPS
Symptom Severity
Dichotomous diagnostic criteria (yes/no), while valuable
both clinically and in research for consistent identification of CRPS as a syndrome, do not capture individual
differences in the severity of CRPS. Tracking severity of
CRPS symptoms (i.e., beyond pain intensity) is important
for monitoring treatment-related changes in clinical care
and is potentially valuable as a disease modification outcome in CRPS clinical trials. In 2010, the CRPS Severity
Score (CSS) was developed to address this gap (level 2)
[33]. The CSS deliberately uses the components of the
2012 IASP diagnostic criteria (and can be applied in any
clinic, without special training or equipment; i.e., it is accessible) to create a continuous index of CRPS symptom
severity. The final CSS version contains 16 elements (8
signs and 8 symptoms; e.g., allodynia/hyperalgesia,
edema, skin temperature changes etc.) coded as present/
absent based on the history and physical examination
(possible score 0–16). In initial development work [33],
CSS scores were associated significantly, as expected
(i.e., higher scores were linked to worse patient status),
with dichotomous diagnosis results, levels of pain intensity, distress, and functional impairments; and they discriminated well between CRPS and non-CRPS
neuropathic pain patients. In a subsequent crossvalidation sample (level 2) [34], CSS scores were relatively stable, as expected, in established chronic CRPS
patients, with scores changing significantly more over
time in acute CRPS patients undergoing initial treatment.
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Moreover, extent of changes in CSS scores over time
were significantly associated with contemporaneous
changes in pain intensity, fatigue, and functional impairments. Thus, the CSS appears to be valid and sensitive to
change, a prerequisite for clinical utility. Available data
indicate that a change of 5 or more CSS scale points
reflects a clinically-significant change [34].

The Development of an International Core Data Set and
Clinical Research Registry for CRPS
An International Research Consortium for CRPS (IRC)
was established in 2015, which comprises a community
of researchers in the field (https://www.crpsconsortium.
org/). As part of its work, the IRC considered the current
barriers to the conduct of collaborative, multicenter
CRPS research studies in order to achieve adequate sample sizes for clinically meaningful studies. Currently, due
to the low incidence rate of CRPS [35] and a heterogeneous patient population, research is mainly confined to
small study populations. This presents methodological
challenges associated with the synthesis of data, as a
wide range of different outcome measures are used [36],
and consequently advances in CRPS research are hindered. Clinical research registries, with agreed core data
sets are widely used in healthcare, providing access to a
large, standardized set of observational, retrospective
data from across a wide geographical area [37, 38]. In
CRPS, an international registry and core data set could
be used to aid in the identification of risk factors that precipitate CRPS and potential CRPS subtypes, better understand the mechanisms driving the condition, and evaluate
the effectiveness of treatments in clinical samples. Such a
registry could provide researchers and clinicians with access to a novel, large and consistent set of CRPS outcome
and demographic data, and lists with contact information for CRPS patients willing to participate in research.
Access to such data would have the potential to improve
health outcomes for the CRPS population worldwide.
To address this issue, in 2013, an international consortium of patients, researchers, clinicians and industry
representatives was established with the long-term aim to
establish agreement about a CRPS core data set for clinicians and researchers in the field, along with an international, clinical research registry for CRPS. The acronym
COMPACT; “Core Outcome Measurement set for complex regional PAin syndrome Clinical sTudies,” was
adopted to achieve this initiative. Membership was from
20 countries across Europe, the Americas, Asia, and
Africa. Participation in the project work was via digital
communications, teleconferences and international
workshops. The COMPACT initiative was adopted by
the IRC to facilitate international collaboration and the
pooling of resources to improve the quality of CRPSrelated studies (http://www.crpsconsortium.org). The
Royal United Hospitals Bath NHS Foundation Trust,
Bath, UK, is the lead center for this work.
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An iterative program of research, conducted by members of the COMPACT consortium, has informed the development of the long-term, international CRPS clinical
research registry and core data set (Figure 1). This work
is ongoing, and more detail is given below on each stage
of the program to date.
A CRPS Core Data Set. A core outcome measurement set
can be defined as a minimum set of standardized outcomes, which should be measured and reported in all research studies for a particular clinical condition [39]. The
COMPACT core data set was developed in two stages
and includes:
•
•
•
•

Demographic data
Patient-reported questionnaire outcome measures
Clinician-reported outcomes/questionnaires.
Clinical outcome measures (currently in development)

In the first stage, a core set of patient-reported and
clinician-reported questionnaire outcome measures was
agreed upon (Table 4). This work was informed by a systematic literature review utilizing PubMed of outcome
measures used in CRPS clinical trials (level 1 evidence),
and an online survey (level 4 evidence) of usage of outcome measures in CRPS clinical trials by healthcare professionals and academics [40]. Agreement on the final
core set was achieved by means of consensus within international workshops [40]. The patient-reported questionnaire outcome measures captured the minimum domains
needed to answer the consortium-agreed research question “What is the clinical presentation and course of
CRPS and what factors influence it?” and comprised the
following domains: pain, disease severity, participation
and function, emotional and psychological function,
sleep quality, self-efficacy, catastrophizing, and patient’s
global impression of change. One clinician-reported
questionnaire outcome measure, namely, the CSS, was
also included [34].
The second stage was comprised of a two stage eDelphi study of clinicians and academics working internationally in the area of CRPS in order to agree on which
(if any) clinical outcome measures should be included in
the core data set. Results of the e-Delphi survey were presented to core members of the study team in a workshop
held in Valencia, Spain, in September 2019. The group
considered the feasibility and acceptability of each outcome in the final selected list, and whether an outcome
should be “core” or optional. This work is in preparation
for publication.
Development of a CRPS Clinical Research Registry. A
multicenter, feasibility study was conducted over a two
year period (2019–2021) to inform the design and delivery of the future CRPS international clinical research
registry.
This study tested the feasibility and acceptability of
collecting the COMPACT core outcome measurement
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Figure 1. COMPACT process.

set questionnaire data in an international population,
and a bespoke electronic data capture system (ALEA) to
collect and manage the COMPACT registry data, which
was developed by the Clinical Informatics Research Unit
(CIRU) at the University of Southampton, UK.
Participants were recruited from research centers in
Brazil, Israel, Japan, Switzerland, the USA, and the UK.
Where applicable, COMPACT was translated using a
“best practice” translation protocol [41]. The conduct
and findings from this feasibility study are currently in
preparation for publication.
It is anticipated the COMPACT international clinical
research registry will be open for recruitment in 2022. In
order to assess the future impact of this registry, and the
CRPS core data set that underpins it, an online survey
was conducted to provide a baseline assessment of the
current use of questionnaire outcome measures by the international CRPS research community. Results demonstrated that researchers currently select from a broad
range of different questionnaires outcome measures [36].
After the international registry is established, this survey
will be repeated to establish what the global uptake is of
the CRPS core data set.
Once the registry is “live,” information on how to
contribute as a recruiting center, and how researchers
can access these data for interrogation, will be found on
the IRC website (https://www.crpsconsortium.org/). For
the first time, the registry will provide researchers with
access to an ever-increasing data set of standardized,
CRPS-specific, outcomes for investigation.

Interdisciplinary Management
The following interdisciplinary rehabilitation section focuses on the history, description and evidence for CRPS
rehabilitation-based treatment. A systematic review of
the evidence was conducted utilizing PubMed and
MEDLINE. Search terms included “CRPS,” “Complex
Regional Pain Syndrome,” “causalgia,” “reflex sympathetic dystrophy,” “rehabilitation,” “interdisciplinary

management,” “occupational therapy,” “physical
therapy,” “recreational therapy,” and “vocational
therapy”. No time limit was applied to this search.
Studies were selected based on the highest quality evidence available and relevance to CRPS rehabilitation.
Also, anecdotal and practical information are included to
assist the CRPS treatment practitioner.
A Dahlem type (think-tank) conference was held in
Malibu, California, in 1997 to generate consensus as to
treatment guidelines for CRPS [1]. All treatments were
focused on functional restoration (primarily the
“reanimation of the affected part”); the use of drugs,
blocks, and psychotherapy was reserved for patients failing to progress in the functional algorithm. Figure 2 portrays the Malibu CRPS treatment algorithm, updated to
reflect some newer intervention approaches now available. Interdisciplinary/multidisciplinary pain management techniques emphasizing functional restoration are
thought to be the most effective therapy for chronic pain,
perhaps by resetting altered central processing and/or
normalizing the distal environment (level 1) [42, 43]. The
Malibu algorithm has been corroborated and empirically
“validated” by frequent clinical use, although a proper
controlled trial of such a clinical algorithm is not fiscally
feasible.
The principle of functional restoration is based on a
gradual and steady progression from activation of presensorimotor cortices (i.e., motor imagery and visual tactile discrimination), to very gentle active movements such
as progressive active Range of Motion (ROM), to weight
bearing such as carrying light bags with the upper extremity or putting partial weight on the lower extremity
in gait training (level 4) [44]. This progresses to movements that involve more active load bearing such as the
scrub and carry techniques of Carlson (level 3) [45, 46].
Gradual desensitization to increasing sensory stimulus
goes along with increased function. Desensitization strategies could include progressive stimulation with silk, progressing to other textures of cloth such as a towel, or
contrast baths that progressively broaden the
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Table 4. COMPACT data set
Outcome Measure
Patient-reported

Construct
Demographic data

PROMIS-29†

Suicide ideation item
Pain intensity numeric rating scale
Short-form McGill Pain Questionnaire-2 (SF-MPQ-2)
Pain Catastrophizing Scale
EQ-5D-5L
Pain Self-efficacy Questionnaire
CRPS symptom questions

Clinician-reported

Patient Global Impression of Change
CRPS Severity Score

Clinical measures

Currently in development.

Date of birth, gender, CRPS affected limb, limb dominance
prior to CRPS, CRPS duration and participation in employment/education/voluntary work.
PROMIS-29 Profile assesses 7 domains; physical function,
pain interference and intensity, fatigue, depression, anxiety, sleep disturbance, and ability to participate in social
roles and activities.
Assessed using a single PROMIS item
The least and worst pain in the previous 24 hours captures
the daily variability in its intensity.
Six neuropathic items capture pain quality
Impact of catastrophizing on the pain experience
Measurement of health state comprising mobility, self-care,
usual activities, pain/discomfort, anxiety/depression
The respondent considers how confident they are performing each activity, while taking their pain into account
Eight questions asking about CRPS symptoms and derived
from the Budapest diagnostic criteria [8]
This will be completed at follow-up only
The clinician records patient-reported CRPS symptoms and
CRPS signs which are present on examination. Greater
CRPS severity is indicated by a higher score [34]
To be defined

†

PROMIS (Patient-Reported Outcomes Measurement Information System) is a National Institute of Health funded system, which provides validated patient
reported outcome measures that can be used in a wide range of chronic conditions.

temperature difference between the two baths. It is
thought that perhaps this gradual increase in normalized
sensation tends to reset the “altered central processing”
in the nervous system (level 3) [47]. It is important to
manage edema in order to optimize range of motion and
to encourage general aerobic activity throughout treatment (level 4) [48].
Another basic principle of these functional restoration
guidelines is that if patients do not progress through the
steps in “a reasonable time,” then other interventions
will be progressively added to give the patient greater
comfort or confidence so that they may proceed to the
next level. For instance, if the allodynic pain is too great,
a sympathetic and/or somatic block may give the patient
a comfort window of opportunity to begin to entertain
more aggressive therapy; or, if a patient has kinesiophobia [49, 50], cognitive behavioral techniques could be undertaken to demonstrate to the patient that movement
does not necessarily lead to negative consequences.
Sympathetic blocks, psychotherapy, and drugs should be
used mainly in situations of failure to progress. However,
if a patient presents with significant concomitant problems (e.g., severe depression or anxiety, pain too severe
to engage in physical therapy) then certain drugs, blocks
or psychotherapies are recommended from the outset
(see below) [1].

The Rationale for Functional Restoration
CRPS can be a very difficult condition to treat successfully. Not only is the syndrome bio-medically

multifaceted, comprising both central and peripheral
pathophysiology, but it also frequently contains psychosocial components that are additional pivotal diagnostic
features (and thus, critical treatment targets). The array
of possible patient presentations and the fact that the presentation often changes over time also complicate successful identification and treatment [26]. To further add
to the clinical challenges of managing CRPS, the epidemiology and natural history of CRPS are only superficially
known; evidence concerning CRPS treatment has developed slowly due in large part to the early vagaries of diagnosis (see above); and, moreover, research data—when
they are available—are sometimes challenging to interpret [51]. Given these obstacles to diagnosis, treatment,
and research, how is a specialist to embark on a path toward the successful treatment of such a complicated and
partially understood condition? The only treatment
methodology that can possibly successfully span these
gaps in medical science is a systematic and orderly interdisciplinary approach [52]. Interdisciplinary treatment is
defined (here) as a dedicated, coherent, coordinated, specially trained group of relevant professionals that meet
regularly to plan, coordinate care, and adapt to treatment
eventualities. Less desirable (but more accessible) is multidisciplinary treatment (a single practitioner coordinates
all the various specialties).
Even the identification and measurement of the pain,
the principal symptom of CRPS, is problematic. The defining characteristic (and critical diagnostic criterion) is
“continuing pain that is disproportionate to any inciting
event” [6]—pain deemed “disproportionate” [3] in
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Mirror Visual Feedback,
Graded Motor Imagery
Reactivation
Contrast Baths
Desensitization
Exposure Therapy

Edema Control
Flexibility (active)
Isometric Strengthening
Correction of Postural
Abnormalities
Diagnosis and Treatment of
Secondary Myofascial Pain

If unable to start, or
failure to progress, then
consider:

Stress Loading
Isotonic Strengthening
Range Of Movement (gentle,
passive)
General Aerobic
Conditioning
Postural Normalization &
Balanced Use

•

Medication or
stronger medication

•

Pain-focused
psychological
interventions

•

Interventional
procedures

Ergonomics
Movement Therapies
Normalization of Use
Vocational/Functional
Rehabilitation

Figure 2. Malibu treatment algorithm (updated; modified by consensus) [3].

intensity and duration according to the (subjective) opinion of the diagnosing physician. The problem is that different types of physicians may have distinct impressions
of what level of pain is disproportionate. This necessary,
yet biased, assessment of pain is confounded by the
patient’s outlook; although pain is clearly a necessary
and central component of a CRPS patient’s condition, its
report is always a personal, private, and entirely subjective experience. Any number of factors can affect pain report, including culture, memory of past pain experiences,
the meaning and context of the pain, personality type, affective state, and many other functional variables [53,
54]. Furthermore, pain report is behavioral: filling out a
visual analog scale is a behavior, and any such behavior
can be affected by a range of psychosocial/operant features. Unfortunately, only the subjective experience of
pain is quantifiable. Limited by this subjectivity of both
physician and patient, the most pragmatic assessment of
pain must be based upon the patient’s complete context:
biologic, psychologic, and sociologic. Obviously, the
only treatment methodology that can treat all these
aspects effectively is, again, the interdisciplinary
approach.

It is critical to identify and aggressively treat all
spheres of the pain experience. Obsessing with only the
biomedical sphere often dooms the clinician and patient
to failure, especially in chronic CRPS. Psychological factors and comorbidity are equally important, often modifiable, treatment targets in CRPS and can help ensure
optimal outcomes (detailed below). The psychological
spheres of the pain experience can now be identified
through the many psychometric, quantified measures
that have been created and that have demonstrated efficacy in psychological assessment [54–56].
Psychological features are sometimes critically important diagnostic components to identify and aggressively
treat. Subjective but quantifiable psychometric scores are
also often employed as secondary outcomes in research.
CRPS is not a psychological disorder, however, and it is
therefore usually illogical to designate psychometric outcomes as primary benchmarks of improvement in CRPS
treatment. Thus, solely treating psychological aspects of
a patient’s CRPS is also doomed to fail. Both pain intensity and the psychological sequelae/co-morbidities of
pain are recognized, fundamental elements in understanding the whole patient, yet the subjective character
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of these elements and their measurement deem them less
suitable for research or for interpreting clinical outcomes.
Applying interventions solely as a means of trying to reduce pain ratings is a strategy that is equally doomed to
fail. More objective clinical benchmarks and outcomes
should be identified if possible—standards upon which
clinical decisions may be made and success may be measured. Thus, ideally, treatment of CRPS should rely upon
an intuitive, measurable, and step-wise functional restoration algorithm as the pivotal feature of treatment of
CRPS [1, 26, 57].
Functional restoration has historically and empirically
been considered a critical and necessary component of interdisciplinary pain management programs for CRPS.
This contention has been codified by two large international consensus-building conferences [1, 58]. Baron and
Wasner concluded that physiotherapy is “of utmost
importance” [59], and Birklein et al. argued that rehabilitation techniques should always be employed for the
“obvious reasons” outlined in these manuscripts [60,
61]. In a Dutch multidisciplinary evidence-based guideline for treatment of CRPS [2], physical therapy is
reported to have beneficial effect with regard to functional restoration and ability to cope with the complaint,
and therefore should form a part of the standard treatment for CRPS. Furthermore, the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) has concluded that physical functioning is a
“core domain” in the assessment of pain treatment efficacy, second only to pain assessment [62, 63].
Functional restoration emphasizes physical activity
(“reanimation”), desensitization and normalization of
sympathetic tone in the affected limb, and involves a
steady progression from the most gentle, least invasive
interventions, to the ideal of complete rehabilitation
(such as return to work/studies) in all aspects of the
patient’s life (see Figure 2). Although the benefits of functional restoration may be obvious to experienced clinicians, the evidence required to buttress these empirical
impressions remains to be collected. The systematically
collected research data needed to determine which
aspects of treatment demonstrate efficacy, which specific
components of a functional restoration program yield
positive outcomes, as well as which modalities should be
delivered, when, and for how long, are currently unavailable [58, 64].

Evidence
The data supporting functional restoration and reanimation in CRPS management are currently modest but credible. It is important to note that in a 1997 meta-analysis,
Kingery noted that “CRPS trials tended to use less subjects and were less likely to use placebo controls, double
blinding, or perform statistical tests for differences in
outcome measures” (than neuropathic pain) (level 1)
[51]. Early, uncontrolled work by several investigators
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focused on preliminary concepts of quantifying different
facets of function and biometrics in “Reflex Sympathetic
Dystrophy” (RSD, aka CRPS I) [19, 65–68]. In a pivotal
1988 paper, Davidoff et al. conducted a prospective
uncontrolled study in RSD that determined three key
concepts: that objective functional components and biometric data could be quantified longitudinally, that these
components were reactive enough to display change over
time (in response to a functional restoration-based interdisciplinary program), and that they were associated
with improvements in subjective outcomes (decreased
pain) (level 3) [57]. These initial studies supplied the primary rationale for a reliance on functional measures as
the basis for assessing success in the treatment of RSD/
CRPS. In an open label sample of musculoskeletal pain
patients, Baker et al. convincingly illustrated the value of
quasi-quantitative and psychometric measures in estimating functional outcome (level 3) (although this may not
generalize to CRPS completely) [69].
Various uncontrolled studies suggest that CRPS
patients benefited from certain physiotherapeutic modalities, including stress loading and isometric techniques
(level 4) [45]. Oerlemans et al. conducted a prospective
controlled study of 135 CRPS patients with pain located
in an upper extremity, and she reported that both physical therapy (PT) and occupational therapy (OT) proved
valuable in managing pain, restoring mobility, and reducing impairment (level 2) [64, 70]. Daly and
Bialocerkowski reported in a well-performed meta-analysis (level 1) good quality evidence that pain management
physical therapy combined with medical management is
more effective than control therapy, based largely on the
Oerlemans et al. study [71]. In their prospective assessment of 145 patients, Birklein et al. found that pain was
notably less for patients undergoing PT (level 3) [60]. In
another study of 28 children meeting the IASP criteria for
CRPS, 92% reduced or eliminated their pain after receiving exercise therapy (level 3) [72].
Both functional restoration and reanimation may have
beneficial effects for the CRPS patient. Limb immobilization is recognized as a possible cause and/or perpetuating
factor in many cases of CRPS [6]. Motor abnormalities
(dys-coordination, dystonia, weakness, and tremor) in
CRPS [73, 74] are also one of the diagnostic features in
the new 2012 IASP diagnostic criteria. Additionally, the
role of pathological involvement of local muscle spasm,
reactive bracing, and disuse in the face of severe pain in
relation to the perpetuation of the syndrome should not
be misjudged or underestimated; these secondary phenomena can cause severe pain and disability, and all
must be assessed and actively treated in an
interdisciplinary-based
functional
restoration
or
“normalization” program.
Normalized movement may also be a key aim in
avoiding or reversing some of the more understated,
higher central changes linked with the syndrome, usually
categorized under the rubric of “altered central
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processing” and “neglect” [73]. Moseley et al. expands
on this hypothesis and suggests that the elements of
CRPS indicate a central mismatch of afferent input and
central representation (level 3) [75], and that graded motor imagery may “repair this dynamic central mismatch”
[74]. In their meta-analysis, Daly and Bialocerkowski
found good to very good evidence for the efficacy of
graded motor imagery physical therapy in combination
with medical management for upper and lower extremity
CRPS, resulting in clinically relevant and long-lasting
pain reduction (level 2) [71]. In a novel experiment using
mirrors, sensory mismatch was demonstrated to produce
sensory disturbances in normal volunteers [76] and has
also been employed in a controlled pilot to successfully
treat CRPS I (level 3) [77]. These positive effects of mirror therapy were confirmed in a randomized controlled
trial with 48 stroke patients with CRPS (level 2) [78],
finding significant reduction of patient and enhanced upper limb motor function compared to control treatment.
See Smart, Wand, and O’Connell for a review [79].
In addition to these findings, positive results have
been described in small sample, open label studies aimed
at sensorimotor “retuning” (desensitization techniques
combined with motor tasks), and proprioceptive feedback enhancement (using vibratory stimulation). These
studies have shown reduction in pain and normalization
of proprioception in CRPS patients (level 3) [80–82].
Desensitization resulted in normalization of cortical organization in CRPS patients in the study by Pleger et al.,
apparent restoring normal brain function in the SI and S2
regions of the sensory cortex [80]. These interesting and
mechanistically-relevant studies provide a theoretical rationale for the more pedestrian physical and occupational
therapeutic methodologies of simple functional restoration, graded exposure, and ordered normalization of
movement patterns.
In addition to the reversal of immobilization, the elimination of operantly-learned movement phobia
(“kinesiophobia”) presented by so many of our patients
may supply another rationale for establishing “functional
restoration” as a fundamental requirement, and provide
a primary role for co-treatment using physical and cognitive behavioral psychological therapies. Evidence regarding exposure-based therapies that target kinesiophobia is
summarized in the psychological therapy section below.
While additional outcome data are needed, clinical experience has indicated that approaches that target kinesiophobia produce substantial positive reinforcement in our
clinics (level 4). The benefit of a pragmatic integration of
graded, supported “exposure” to normalized movement
into functional restoration programs for CRPS may be
self-evident but requires further research.
The traumas usually identified in the etiology of CRPS
most likely begin with peripheral nociceptive stimulation,
and this “nociceptive barrage” may eventually create and
sustain the central sensitization that is indicated by the sensory/psychophysical changes associated with the syndrome.
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It is hypothesized that normalization of activity will adjust
and normalize the afferent input and its processing; for example, an increased functional input on large fiber tracts
may modulate or partly obstruct the activity on small fiber
tracts, according to Melzack’s original gate theory of pain
[83]. Blood flow and nutrition to the area may be improved by local activity in the affected part, and processes
such as osteopenia (i.e., “Sudeck’s atrophy”) may also be
reversed by reactivation. Animal research supports this
concept, as does human research on the effects of experimental limb immobilization. Healthy individuals
experiencing casting of a limb for 28 days developed several clinical features associated with CRPS (e.g., skin temperature changes, hyperalgesia, altered hair growth,
movement-induced pain) [84]. Such findings have been
corroborated in Guo et al.’s rat research in which casting
led to autonomic disturbance and allodynia [85].
Intuitively, normalizing function in CRPS patients should
reverse changes wrought by immobilization
These studies all support the traditional functional/
physiotherapeutic rationale, although there is currently
no level 1 or 2 evidence specifically for interdisciplinary
treatment for CRPS. An observational cohort study of 49
patients with CRPS participating in a comprehensive interdisciplinary pain program demonstrated short-term
functional improvements. Further, the majority of worker’s compensation patients within this cohort (14 out of
16) returned to work (level 3) [86]. It is important to
note two meta-analyses (level 1) that have shown that an
interdisciplinary approach improves symptoms in
patients with chronic pain: Flor et al. (which included
“RSD” among other diagnoses) and Guzman et al. [42,
43]. More details are presented in the sections below.
While interdisciplinary management has potential for
CRPS benefits based on the information summarized
above, it remains to be definitively proven that this approach is as effective in CRPS as in other chronic pain
conditions. Two recent studies suggest that altered brain
function in CRPS patients (greater susceptibility to altered body representations, less efficient tactile-spatial
learning) could potentially be a barrier to optimal response to functional interventions that are the core of interdisciplinary management (level 3) [87, 88]. At present,
this possibility remains speculation.

Principles of Functional Restoration
Concerns with the Malibu Guidelines. In order to expedite reanimation and normalization of use of the affected
extremity, functional restoration should efficiently supply a range of interventional and non-interventional
treatment methods. In an effort to explore the creation of
a stepwise functional restoration through a physiotherapeutic algorithm, a consensus-building symposium was
held in Malibu in 1987. As noted above, the core principles of the algorithm generated by this group include
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patient motivation, desensitization, and reactivation facilitated by pain relief; the use of pharmacologic and/or
interventional procedures to treat specific signs and
symptoms; and cognitive behavioral psychotherapeutic
techniques. As a result of the conference, the symposium
members produced a white paper about the purpose and
usefulness of an assortment of functional restoration
treatment designs; they also recommended formal treatment guidelines (level 3) [1].
The “Malibu” guidelines created some new problems.
First, although these guidelines recognize several specific
interventions to be applied (physical, pharmacologic,
anesthesiologic, and psychologic), they offer no recommendations regarding optimal sequence or duration of
these various interventions. Second, the original Malibu
guidelines stressed the concept of time contingency, that
is, the implication that all “patients should progress
through each treatment level in 2 weeks or less” [1],
which has proven to be far too rigid and unrealistic in
this complex syndrome. Third, the guidelines assert that
drugs, sympathetic blocks and psychotherapy should be
reserved and used only in cases where progress in the
functional restoration-based algorithm has not been
achieved. They fail to recognize the frequent necessity of
providing medications, blocks, and psychological support from the beginning (and not “reserve” these interventions until after a patient has “failed to progress”). In
our experience, it is more often than not the case that
multiple interventions are required to get a patient
started adequately in a functional restoration process.
The Minneapolis Conference. Because of these and other
issues, a second expert panel (the Minneapolis Group) revisited the Malibu guidelines in August 2001, along with the
pertinent literature up to that time. In response to clinical evidence suggesting that sequencing and timing of the treatment guidelines could be improved (e.g., under certain
circumstances, concurrent rather than linear utilization of
interdisciplinary interventions provided optimum treatment), the Minneapolis group recommended the use of concurrent “pathways,” which were still built upon the original
domains of rehabilitation, pain management, and psychological treatment. Additionally, the Minneapolis group liberalized the use of analgesic modalities, deemphasized timecontingency, while preserving the focus on function [58].
Both the Malibu and the Minneapolis groups emphasized the pivotal importance of functional restoration.
Both acknowledged that pain management was important, but because pain reports can be heavily influenced
by psychosocial state and reinforcement contingencies,
pain was considered secondary to function as an outcome
due to the latter’s more objective nature. Both groups recognized, however, that pain would logically drive the
type, quality, intensity, and pace of other interventions
used to achieve the primary, functional outcomes. The
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next sections provide a detailed examination of each
therapy directly involved in functional restoration.

Interdisciplinary versus Multidisciplinary
Although interdisciplinary treatment programs are
clearly the sine qua non of CRPS treatment (holistic,
planned team treatment with special training of all modalities; meeting frequently to assess plan, progress/problems and re-plan as a team), this level of intensity is often
unavailable except in large urban or academic centers.
Payors often consider these interdisciplinary programs to
be “too expensive” (although in actuality, our urban
4 week program costs 1/3 to 1/2 as much as a single spinal cord stimulator implant, and this doesn’t consider
maintenance, re-implant with lead failure etc.) and opt
for less effective, but better understood single modalities.
Whatever the rationale for interdisciplinary unavailability, the next best option is a multidisciplinary approach.
This approach is traditionally characterized by a single
lead practitioner (usually a physician or psychologist) organizing and arranging for specialty training and coordination of local resources, and then referring the patient
to these separate modalities. Unfortunately, this is labor
intensive (and poorly reimbursed) for the knowledgeable
lead practitioner, as the only coordination is via the
reports of the isolated modalities (e.g., no real “team”).
However, in the context of a multifactorial disease such
as CRPS, and the uncertainty as to which modalities are
“going to work,” either of these options is far superior to
an unidisciplinary/unimodal approach.

Occupational Therapy
Occupational therapists are the ideal therapeutic leaders
in the functional restoration process, as they are trained
in the bio-psycho-social principles of disease and are primary in functional assessment and treatment [3, 89]. The
Occupational Therapist (OT) role begins by evaluating
current functional use of the affected extremity. For instance active range of motion is measured using a goniometer, and edema is gauged with either circumferential
measurement or a volumeter [3]. Emphasis is placed on
assessment of coordination/dexterity, skin temperature/
vasomotor changes, pain/sensation, and use of the extremity during activities of daily living (ADL). While the
OT evaluation process has remained consistent over the
past few decades, the OT treatment of CRPS specifically
has undergone a shift.
Research has expanded the interventional focus to include the early stages of movement (activation of premotor and primary motor cortices) through graded motor
imagery or mirror visual feedback (MVF) therapy.
Ramachandran first described the use of mirrors to decrease pain or positional discomfort in those suffering
from phantom limb pain (level 3) [90]. McCabe et al. expanded the study of MVF treatment to determine its
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efficacy specifically in persons with CRPS (level 3) [77].
This work illustrated the benefits of this technique in
those with early and intermediate CRPS; however, MVF
demonstrated no significant effect with chronic CRPS
[77].
In an effort to target those with longstanding CRPS,
Moseley et al. designed a graded motor imagery (GMI)
program to sequentially activate the premotor and primary motor cortices through limb laterality recognition,
motor imagery, and lastly mirror therapy [75]. This program appeared to be particularly useful, in that, the premotor cortex may be activated without setting off other
cortical networks involved with movement [75]. The
mechanisms that underlie any benefits of MVF and GMI
are still somewhat unclear. Many researchers believe that
this process is partially influenced by forced attention to
the affected extremity, decrease in kinesiophobia, increase in large fiber inhibition, and the reconciliation of
sensorimotor incongruence [91]. The protocols outlined
by McCabe for MVF and Moseley for GMI can be considered loose treatment parameters, but both emphasize
the importance of a patient-centered approach that is
guided by the clinical observation of presenting symptoms and response to treatment [75, 91].
MVF therapy, as outlined by McCabe [91], first asks
the patient to close their eyes and describe both the affected and unaffected limb (i.e., size, location, and any
perceived differences), followed by imagined movements
of both extremities. The movements for the program are
focused on painful joints and those that are just proximal
and distal to the joint. The participant is then invited to
look at the mirrored limb without movement in order to
try to achieve ownership. The recommended frequency
and duration of the home program will vary to some degree. However, the overall emphasis is on short sessions
(no more than 5 minutes) occurring frequently (5–6 times
throughout the day) [91]. Moseley’s GMI program
extends over a 6-week period (2 weeks spent in each
phase of treatment) and begins with limb laterality recognition using pictures. Secondly, the participant views a
picture of an extremity and is asked to imagine moving
into that position. The third and final stage involves
viewing the reflected image of the unaffected extremity
moving through different planes of movement [75]. This
process is available on mobile applications like
RecogniseTM Apps and often used in CRPS treatment
programs. Both researchers identify contraindications to
these programs, including the inability to establish ownership of the mirrored extremity, increase in pain, and
any increase in movement disorders.
While the theoretical underpinnings of these techniques are still under examination, use of both GMI and
MVF in CRPS treatment has been increasing [75, 91].
The ultimate value of these approaches remains to be
proven in definitive trials. The seminal GMI study was
only a small (n ¼ 13) randomized controlled trial comparing efficacy of the intervention described above
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(n ¼ 7) to a “standard treatment” control group (level 2)
[75]. Despite the small sample, results indicated that the
GMI intervention resulted in significantly greater
improvements in pain intensity than did standard treatment. Although intriguing, somewhat larger follow-up
studies found that this graded motor imagery intervention failed to improve pain, and in one study, appeared
to increase pain and edema (level 2) [92]. Another novel
intervention based on a similar rationale as GMI has also
shown promise in initial work. In a well-controlled pilot
study, virtual reality feedback that paralleled active
movements of the extremities (“virtual body swapping”)
was examined as a CRPS intervention, and resulted in
short-term improvements in body perception disturbance, although did not significantly alter pain (level 3)
[93]. As for GMI, the potential therapeutic value of this
type of intervention in clinical care remains to be proven
in more definitive clinical trials. It is of note, MVI and
GMI therapies were developed subsequent to creation of
the Malibu and Minneapolis algorithms.
Following the implementation of MVF or GMI, the
next treatment objectives for CRPS are to minimize
edema, normalize sensation, promote normal positioning/decrease muscle guarding, and increase functional
use of the extremity in order to increase independence in
all areas—work, leisure, and ADL [48]. In severe cases of
CRPS, functional splinting may be appropriate to promote improved circulation/nutrition to the area as well
as to facilitate more normal tissue length/positioning during the rehabilitation process, although possible symptom exacerbation due to continuous splinting should be
closely monitored [94]. The next steps in treating CRPS
are to initiate gentle active movements. manage edema,
and institute preliminary desensitization techniques [1].
Edema is managed [level 4] using specialized garments
and manual edema mobilization [3]. Superficial or surface desensitization techniques are implemented to assist
with normalizing sensation to the affected area [level 4].
The OT then introduces a stress loading program to
initiate active movement and compression of the affected
joints [45, 46]. Though stress loading may initially produce increased symptoms in the extremity, after several
days a decrease in pain and swelling will usually begin to
be evident. General use of the affected extremity during
daily tasks is strongly encouraged throughout the rehabilitation process [45]. Stress loading consists of two principles: scrubbing and carrying [45]. Scrubbing consists of
moving the affected extremity in a back/forth motion
while weight bearing through the extremity [45, 46]. The
scrubbing can be accomplished using a scrub brush and is
usually done with the patient in a quadruped (for upper
extremity involvement) or elevated sitting (for lower extremity involvement) position. Positions can be modified
to facilitate maximal performance and compliance. For
example, upper extremity scrubbing can be done in a
standing position or a handled scrub brush can be used
for persons with CRPS [94–96]. The amount of weight
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placed through the affected extremity and the duration of
the activity are gradually increased. The DystrophileV is
a patented device designed to assist with maintaining
consistent weight bearing and compliance with scrubbing
by activating a light when the patient has reached the
preset load. However, this device does not hold any
proven advantage over a simple scrub brush.
Carrying is the second component in stress loading. In
the upper extremity, weight loading continues with small
objects carried in the hand, soon progressing to a handled
bag, which can be loaded with increasingly heavy
weights. The weight should be carried throughout the
day whenever the patient is standing or walking [45, 46].
The lower extremity can be loaded in a variety of ways.
Walking is an important loading technique if care is
taken to ensure weight bearing through the affected leg
during gait, especially when an assistive device is used.
Increased weight bearing can be accomplished with verbal/physical cueing or by having the patient carry a
weighted object on the affected side. Loading can also be
facilitated by engaging the patient in activities that promote weight shifting/balance (e.g., ball toss) or by placing the non-affected foot onto a small footstool during
static standing tasks [3]. While stress loading appears to
demonstrate utility in the clinical setting (level 4), further
study is needed to demonstrate its efficacy relative to
other functional weight bearing interventions.
Once the patient is actively engaged in an edema management and stress loading program, treatment can progress toward increasing functional use of the extremity. As
the pain and edema decrease, the patient will be better
able to tolerate and participate in active range of motion,
coordination/dexterity, and strengthening tasks [3].
Proprioceptive Neuromuscular Facilitation (PNF) patterns are often well tolerated during the rehabilitation
process. PNF promotes “response of the neuromuscular
mechanism through stimulation of the proprioceptors”
[97]. PNF patterns are spiral and diagonal combinations
of motion that “permit maximum elongation of related
muscle groups so that the stretch reflex can be elicited
throughout the “pattern”” [97]. These patterns, similar
to normal movement patterns, facilitate strength and balance while increasing ability to perform ADL.
The overall role of the OT during CRPS rehabilitation
is to guide the patient through a program designed to
minimize pain and edema while maximizing functional
use of the extremity [3]. As CRPS varies greatly in severity and duration, it is very important for the therapist to
competently upgrade/downgrade programs according to
therapeutic response as well as maintain enthusiasm in
support and encouragement of the patient during the rehabilitation process.
The vocational counselor and OT should work closely
together (see below) when assessing return to work goals,
especially when potential to return to a specific job is being assessed. Services including job site analysis and jobspecific reconditioning or work hardening, work capacity
R

evaluation, transferable skills analysis, and a formal
functional capacities evaluation should be considered
[98]. Allowing the patient an opportunity to participate
in a trial work period before providing final release for
work is often an excellent way to observe his/her ability
to return to work and perform job duties as well as further assess work behaviors. Return to work can be therapeutic from a psychological perspective, assuming the
work activities will not aggravate the problem and increase long-term pain [99]. Provision of release for work
should be coordinated by the vocational counselor.
Information included should be gathered from all disciplines including occupational therapy, physical therapy,
and the physician. It should include detailed instructions
when releasing patients to limited duty, or prescribing a
job change. Functions to be considered and potentially
modified include: lifting, pushing, pulling, crouching,
walking, using stairs, bending at the waist, climbing,
awkward and/or sustained postures, tolerance for sitting
or standing, hot and cold environments, data entry and
other repetitive motion tasks, sustained grip, tool usage,
and vibration factors. Releases for sedentary or light duty
should always list specific physical limitations. In situations where a job is not available, vocational counseling,
evaluation, and job placement services should be considered to assist patients with addressing return to work
goals as soon as possible (all level 4; see below)

Physical Therapy
Physical therapy (PT) clearly plays a critical role in functional restoration, and PT activities are designed to complement those of occupational, recreational, and
vocational therapy. According to the experienced Mayo
Clinic pain management group, “Physical therapy is the
cornerstone and first line treatment for CRPS” [100].
The physical therapist can help patients increase their
range of motion, flexibility, and later strength, through
the use of gentle progressive exercise. The physical therapist tries to improve all functional tasks, such as gait
training (in lower extremity CRPS), and coordinates/collaborates on all OT, recreational, and vocational goals.
An ongoing discussion concerns the distinction between pain-contingent physical therapy and timecontingent physical therapy approaches. lt is generally
accepted that PT should be executed within the bounds
of the patients’ tolerance [101] and never when the affected limb is insensate (such as immediately after a
block) or with CRPS Type II patients who present with
pronounced hypoesthesia. Inappropriately aggressive PT
can trigger extreme pain, edema, distress, and fatigue,
and may in turn exacerbate the inflammatory and sympathetic symptoms of CRPS; it is therefore to be avoided.
Use of assistive or range of motion devices, prolonged application of ice, and inactivity may also aggravate CRPS.
Physical therapists must teach patients with CRPS that
they will experience pain both when they exercise too
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much and when they exercise too little. Patients must
therefore be taught to seek the “happy medium,” and it
is the physical therapist’s responsibility to help them find
that therapeutic ground and help them to steadily advance toward a more functional and active lifestyle. In a
series of RCTs, Oerleman’s group has shown that PT
(and to a lesser extent OT) improves pain ratings and
“active mobility” compared to patients receiving only
counseling (from a social worker) in upper extremity
CRPS cohorts (level 2) [64, 70]. The principal objective
of the physiotherapeutic treatment protocol as investigated by Oerlemans et al. is to enable the patient to gain
the greatest possible degree of control over his or her
symptoms while relentlessly pursuing goal of reanimating
the affected part. A specific set of questions, standardized
assessment scales, and objective tests carried out during
observed tasks and physical examinations are used to
gain an impression of the degree of segmental dysregulation and the extent to which pain can be managed. The
treatment program is set up on the basis of the information obtained. It comprises a number of physiotherapy
interventions such as support, exercise therapy, improving skills, and relaxation therapy. The key components of
this protocol are increasing the degree of control over the
pain, improving the way the patient copes with the syndrome, treating any dysregulation, and improving skills;
for example, by training and practice in compensatory
skills, and posture and movement instruction.
Efforts to improve mobility can start as soon as pain
levels have become more tolerable to the patient. The
emphasis is on self-determined, active, and functional
movement. Attention needs to be paid throughout the
entire course of treatment to maintaining as normal a
posture and movement pattern as possible and to preventing negative compensatory changes to adjacent
joints and muscles (for example, changes brought about
by contraction). This is supported by The European
Pain Federation task force who recently created standards for the diagnosis and management of CRPS. They
submit that early appropriate graded exercises may preserve limb function and shorten the disease course
[102]. As described above, GMI may be integrated as
one component of a comprehensive PT intervention.
EFIC has created a free web site to assist the design of
the physical therapy program: https://crps.europeanpainfederation.eu/#/.
The value of PT in pediatric CRPS also has substantial
empirical support. In children with CRPS, a randomized
controlled trial of PT (combined with cognitivebehavioral therapy) provided once per week vs. three
times per week revealed significant improvements in both
groups on five measures of “pain and function,” with
sustained benefit in “the majority” of subjects (level 2)
[72]. In a prospective case series following 103 children
with CRPS, “intensive PT” (aerobic, hydrotherapy and
desensitization)
supplemented
by
“psychological
counseling” (in 77%) was “effective in initially treating
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childhood CRPS and is associated with a low rate of
long-term symptoms or dysfunction” (level 3) [103].
The physical therapist should instruct the patient in
the avoidance of physical stressors as much as possible
(i.e., the stress of extended inactivity and bed rest on one
extreme, and the stress of excessive exercise on the
other). Alongside the goal of a gradual increase of
strength and flexibility the therapist should encourage
pacing and include rest breaks and relaxation techniques
as well. PT goals can also be achieved with the use of
devices, including foam rubber balls succeeded by springgrip strengtheners for the upper extremity, and Swiss
balls, foam rolls, and anti-gravity resistive equipment
(such as a Pilates reformer) for the lower extremity.
These devices help to gradually introduce a variety of
weight-bearing/strengthening techniques.
Preliminary data suggest that graded exposure therapy
to exercises the patient may perceive as “harmful” can
lead to a reduction of disability as a consequence of the
reduction of pain related fear of movement (level 3)
[104]. The program developed by Vlaeyen and colleagues, consists of an educational program explaining
the “fear-avoidance model” (pain leading to catastrophic
thoughts, leading to avoidance and more pain and disability), combined with a tailored exercise program
aimed at activities most feared by the patient.
Taking a “gradual” loading approach perhaps a step
too far is the so-called “Pain Exposure Therapy” as described by van de Meent et al. [105]. This program consists of progressive-loading exercises tailored to specific
body functions using regular physical therapy techniques
such as passive and active exercises to mobilize joints and
muscle stretching. The physical therapist thereby mainly
acts as instructor, rewarding functional progression and
providing schedules for exercises and activities at home.
Contrary to most PT interventions, this approach is time
contingent, and pain severity is not used as a guideline to
increase or reduce therapeutic activities. Preliminary support for this intervention includes pilot data with regard
to pain reduction and decrease of functional limitations
in a case series of 20 patients (level 3) [105]. This is controversial. Clinical trial outcomes for pain exposure therapy are detailed further in the psychological
interventions section below.
Mat exercises provide strengthening of both the affected extremity and the associated postural muscles in a
non-weight-bearing approach. Particularly valuable mat
exercises include movement therapies such as the
Feldenkrais technique (level 4). Feldenkrais teaches and
encourages gentle, active motions within the patient’s
available range to increase body awareness and promote
appropriate movement patterns. A fundamental aspect of
mastering proper movement patterns is the relearning of
proprioception. The physical therapist can help patients
achieve mastery by teaching them neuromuscular proprioception exercises, advancing them as they gain
proficiency.
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Related to re-establishing body awareness in CRPS
patients, behavioral programs including graded sensorimotor retuning exercises may provide decrease of pain
and improvement of tactile discrimination sense, perhaps
coinciding with the restoration of symmetrical cortical
limb representation in the SI and SII regions of the brain
[80]. This pain contingent intervention, aimed at reestablishing proprioceptive abilities and desensitization, has
shown preliminary efficacy in a cohort of six CRPS
patients (level 3) [80]. Likewise, in a small pilot study
comparing 7 CRPS patients receiving low amplitude 80–
100 Hz vibratory stimulation of the affected extremity
combined with regular physical therapy compared to a
control group receiving only standard physical therapy
(n ¼ 4), Gay et al. found more pronounced improvement
in pain severity and range of motion in the experimental
group (level 3) [81]. According to the authors, the mechanism of action could be related to activation of cortical
areas involved with motor command and movement
representation.
Clinical experience indicates that that many (if not
most) patients with advanced CRPS will present with
myofascial pain syndrome of the supporting joint.
Assertive treatment of myofascial pain is a critical component of successful treatment (level 4) and is principally
the purview of the physical therapist. Some schools of
thought propose that the myofascial pain syndrome must
be treated first, and if successfully treated, the CRPS will
perhaps resolve [106]. However, this provocative assertion remains unproven.
Aquatic therapy can be especially valuable to CRPS
patients because of hydrostatic principles and “the buoyancy effect” [107]. Hydrostatic pressure provides a mild
compressive force around the extremity that may help decrease the edema that is widespread in CRPS. Aquatic
therapy also provides an outstanding opportunity for introducing lower extremity weight bearing, and the buoyancy it provides may be especially useful for early
restoration of functional activities such as walking.
When conducting aquatic therapy, care must be taken to
maintain water temperature, because excessively cold or
hot water may temporarily exacerbate the CRPS. Water
therapy may allow early participation in progressive PT,
as nearly all exercises that are executed on land can be
executed in the water, where the water adds resistance
without adding full stress/weight to the joints. This of
course is groundwork to full weight bearing, particularly
in the lower extremity.
Hands-on techniques such as gentle massage and myofascial release can sometimes offer effective relief from
the myofascial pain. Massage is often mentioned, but although it has not been studied in a controlled manner
(level 4 evidence only), clinical experience indicates it
may help decrease edema in certain cases but must be
gentle and careful. Although peer-reviewed evidence is
lacking, electrostimulation modalities have also demonstrated some efficacy in our clinical experience, but
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ultrasound therapy has appeared less effective. Contrast
baths are another possible, if controversial, treatment option for CRPS patients. Based on the clinically accepted
principles of alternating heat and cold, mild contrast
baths can in principle be beneficial in early CRPS cases to
facilitate improved circulation in the affected extremity
by alternating vasodilation with vasoconstriction.
However, the vasomotor changes in advanced cases of
CRPS do not allow for the desired response, and the immersion of the limb in cold water may exacerbate CRPS
symptoms. Contrast baths for advanced cases of CRPS
are therefore not recommended, and it is noted that there
is little empirical support for this approach in CRPS of
any duration. While clinical experience indicates that PT
can benefit effective CRPS management, most evidence
regarding efficacy of specific PT techniques comes from
studies representing level 3–4 evidence. This low level of
evidence has been verified by CRPS-specific meta-analyses [108, 109]. More high-quality studies are needed to
determine the best evidence-based PT management approach for CRPS patients.

Recreational Therapy
Although lacking published outcome studies to support
its use, we believe for completeness that it is important to
address recreational therapy as a potential component of
CRPS care. The following is based solely on our clinical
experience with multidisciplinary CRPS treatment that
includes a recreational therapy component.
Because recreational therapy employs enjoyable activities, the recreational therapist is frequently the first clinician to succeed in getting the CRPS patient to initiate
increased movement in the affected part, a primary goal
of successful treatment. The incentive of returning to a
favorite pastime is often an appropriate tool to break
through the “kinesiophobia” and bracing that often attend CRPS [110]. Through the use of modifications,
adaptive equipment, and creative problem solving (e.g.,
using large handled gardening equipment for gardeners,
bowling with the non-dominant hand for bowling fans,
and substituting biking in place of running for athletes,
etc.), a patient can find fulfillment in previously lost or
new recreational activities. Recreational therapy reestablishes the patients’ ability and freedom to determine
their own leisure lifestyle choices. The increased social
contact engendered by these activities will, in turn,
heighten the patients’ chances of remaining active within
the community after treatment.
With a bit of advanced planning, recreational therapy
can complement PT and OT treatment goals. For instance, a recreational therapist could reinforce an OT
scrubbing protocol by instructing a patient to use an affected upper extremity to sand wood in a recreational
project. Such planned convergence of goals affords the
patient the twofold satisfaction of creating something
and simultaneously accomplishing therapy goals [111].
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For example, a patient who is engaged in a desensitization program and who also enjoys gardening can be
assigned “horticulture therapy” (i.e., the use of the hands
to work soil).
Additionally, recreational therapy can promote flexibility and range of motion. The recreational therapist
should plan activities that patients find inherently enjoyable, because patients are more willing to take on finemotor grasping and releasing tasks for longer periods of
time if they are engaged (e.g., beading a necklace, holding
a watering can, playing a card game, practicing on a keyboard etc.). A recreational therapist must be creative, because a happily engaged patient will be more inclined to
fulfill therapy goals when engaged in fun activities like
putting golf balls, playing balloon volleyball, or shooting
pool.
In addition to advocating new leisure skills, recreational therapy concentrates on reintroducing the patient
to stable community involvement. During structured
community outings, the CRPS patient can focus on carrying and loading a bag (i.e., “loading”) with the affected
limb [45, 46]. This task can be accomplished with a water bottle, shopping bag, or purse. Other tasks can involve weight bearing and follow through with gait
training on unlevel surfaces within a realistic community
setting. Identified and achieved appropriately, successfully completed tasks can increase patient self-confidence
and promote the incorporation of these learned skills
both at home and within other therapy sessions.
In summary, recreational therapy may help combat
kinesiophobia and promotes increased movement, although this view is not supported by systematic research.
Recreational therapists work closely with other disciplines to achieve the therapeutic goals of CRPS patients,
and they implement creative tactics that achieve those
goals while giving patients more decision-making freedom and more fun. Most significantly, recreational therapy can reintroduce balanced leisure activities into the
lives of the patients whose conditions may have discouraged such behavior, with resulting psychological and
quality of life benefits. Unfortunately, Therapeutic
Recreation is often not or not well reimbursed, and OT
or PT practitioners will need to be familiar with this role.

Vocational Rehabilitation
The following section addresses the potential role of the
Vocational Rehabilitation (VR) counselor in optimizing
CRPS treatment outcomes, and as was the case for recreational therapy, is based entirely on our clinical experience with a multidisciplinary CRPS treatment program
including VR as an intervention component. To our
knowledge, formal studies of VR as a specific CRPS intervention are absent from the literature. The VR counselor helps prepare the CRPS patient for a possible return
to work, or the “ultimate” functional restoration. VR
involves restoring a patient (if possible) to their original
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vocational activities as expediently and as safely as possible. Counselors use information from medical, occupational, educational, financial, and labor market fields to
make return-to-work assessments. Vocational counseling
addresses benefits of work and accommodations, as well
as job modifications and the utilization of pain management techniques. The VR specialist can also help each patient to identify with the role of worker and assist in
creating a plan for a return to work.
If possible, the VR counselor should understand all of
the physical demands of the job before addressing returnto-work issues. Review of job description and consultation with employer, supervisor, employee health nurse,
or other human resource specialist, and work site visit
(when appropriate) are steps recommended to address
specific job duties, especially when determining ability to
provide a full duty release [99], or when recommending
specific restrictions and modifications. The VR specialist
also provides job and job site analyses, and uses that information to coordinate job-specific reconditioning or
work hardening, work capacity evaluation, transferable
skills analysis, and a functional capacities evaluation
[98]. The VR counselor must determine whether or not a
patient can return to the original job. The counselor must
also consider the alternatives of returning the patient to
either a modified version of the previous job or an alternate job with the same employer, or whether a new job
placement referral will be needed when return-to-work
with the previous employer is not an option. The VR
counselor and occupational therapist should work closely
together when assessing return-to-work goals, especially
when assessing the possibility of returning to a specific
job.
The VR specialist must possess a thorough understanding of the prior job description, requirements, and,
occasionally, the required vocational testing and targeted
retraining of the CRPS patient who intends to return to
work. Initially working with the OT, the VR specialist
assesses a patient’s work activities and provides a simulation of them for the patient in a controlled clinical environment. In the final steps of the VR process, the
specialist can provide work capacities, along with functional capacities and targeted work hardening in order
for the patient to return to gainful employment.
Competent VR requires a proficient specialist capable of
maintaining a methodical, informed, and experienced approach in order to grasp and successfully navigate the
Byzantine social and medico-legal quagmires in which
CRPS patients may find themselves. As with all the interdisciplinary specialists, the VR specialist must sustain ongoing communication with the others on the team and
keep the team informed of each patient’s individual vocational situation and progress.
VR specialists regularly encounter hurdles to appropriate return-to-work functions. Firstly, health factors
are often presumed to have the greatest impact on worker
disability, but social scientists have argued that the most
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important determinants of work status for persons with
chronic disease are actually age, education, job satisfaction, and job status in the labor force [112]. Secondly,
other factors such as work history, employment in public
sector versus private, current work status, lower socioeconomic class, level of education, and lack of varied
work may also predict work disability for patients with
chronic pain [112]. Thirdly, long periods of unemployment or reduced employment activity may impact vocational potential. Chronic pain sufferers may have been
out of work for long periods of time before they are referred to a VR specialist, and employers are often reluctant to employ persons who have chronic pain, have been
unemployed for long periods of time, or who have workers’ compensation cases [113]. Additionally, the ability
to modify the work environment in accordance with limitations has major implications in limiting the extent of
the disability and/or preventing reinjury or new injuries
[112].
Although VR is frequently the final step of rehabilitation therapy, addressing return-to-work issues early is
critical so as to set employment as a long-term goal
[114]. Allowing the patient an opportunity to participate
in a trial graduated time/effort work period before providing final release for work is often an excellent way to
observe his/her ability to return to work and perform job
duties, and it also provides an opportunity to further assess work behaviors and capacity. In addition, the initial
graded increase of time and effort spent at work greatly
alleviates significant patient anxiety and thus improves
chances of successful return-to-work. Return-to-work
can be a form of therapy, provided the work activities do
not exacerbate the problem or increase long-term pain.
The VR counselor should coordinate the provision of
release for work by assembling information from all disciplines. Releases for sedentary or light duty should always list specific physical limitations, and the releases for
limited duty should include comprehensive instructions.
When preparing a release for work form, the VR specialist must take into account the abilities of the patient, including: lifting, pushing, pulling, walking, crouching,
using stairs, using tools, bending at the waist, maintaining awkward and/or sustained postures, maintaining a
sustained grip, tolerating extended sitting or standing,
tolerating extensive data-entry functions and other repetitive motion tasks, tolerating hot and cold environments,
and tolerating any severe vibrational factors. Any number of these factors may require modification of the work
environment, particularly in chronic or severe CRPS. As
is the case for RT, the value of VR in CRPS management
is based solely on clinical experience rather than systematic research.

Other Therapeutic Interventions of Note
Hyperbaric oxygen therapy was assessed in a medium
sized randomized control trial (RCT) and produced a
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significant decrease in pain and edema versus “normal
air” (level 2) [115]. While intriguing, these findings of increased oxygenation having clinical benefits seem somewhat contrary to other work suggesting that CRPS may
be adversely influenced by elevated oxidative stress [116–
118]. These findings require replication, and cost-benefit
considerations of this therapy will also be important to
consider, given the expense of the equipment required.
Acupuncture is mentioned in many treatment reviews.
There are two RCTs that evaluate acupuncture treatment
in CRPS patients. One was very small (n ¼ 14) and failed
to show a significant difference in outcomes [119]. The
other had a larger sample size (n ¼ 96) and reported improvement in pain severity and motor function of affected limbs 40 days after treatment in patients with
CRPS type I following stroke (level 2) [120]. However,
considerably more research is needed to fully demonstrate the utility of acupuncture in CRPS. Finally, there
are also case studies that suggest that chiropractic manipulation may reduce pain and enhance range of motion
and function in CRPS patients (level 4) [121].
In summary, because the symptoms of CRPS patients
encompass all of the bio-psycho-social complexities of
chronic pain, the best hope of helping our patients is the
adoption of a systematic, stable, empathetic and, above
all, interdisciplinary approach that addresses those symptoms (or if impractical due to availability, a multidisciplinary approach). That functional restoration can and
should be the central intervention and outcome standard
in CRPS is a theory that must be tested. Until then, the interdisciplinary approach for treating patients with CRPS
remains the most pragmatic, helpful, and cost-effective
therapeutic approach available today.

Pharmacotherapy
For the past 150 years, multiple drug treatments for
CRPS have been tried. One of the first drugs mentioned
was laudanum (tincture of opium) by Weir-Mitchell
(who coined the term causalgia) and his use of the” new
invention,” the hypodermic syringe, to perform cocaine
nerve blocks [122–125]. Unfortunately, most medications used clinically to manage CRPS have not yet been
tested adequately in high quality, double-blinded, randomized, controlled trials (RCTs). This absence of multiple trials to document efficacy of many pharmacotherapy
agents is attributable to many factors, including previous
lack of uniformly accepted diagnostic criteria (preventing
generalization across studies), the low prevalence of this
rare disease causing difficulties in recruitment, as well as
lack of funding for trials using promising older agents
without patent protection to provide financial incentives
[27, 126]. Fortunately, with the Food and Drug
Administration’s designation of CRPS as a Rare Disease
in the past decade, industry interest in conducting definitive trials for CRPS therapeutics has increased (www.
orpha.net; www.clinicaltrials.gov).
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The resourceful clinician will extrapolate from RCTs,
meta-analyses, and systematic reviews concerning treatments for related neuropathic conditions [127, 128] and
ultimately utilize empirical drug trials in each patient,
based on consideration of what mechanisms seem most
germane. However, repeated trials of ultimately ineffective drugs can also lead to patient frustration and disengagement [124]. CRPS differs from other neuropathic
pain syndromes by having additional tissues and systems
involved, including the microcirculation, bone, and inflammatory pathways [129]. In fact, although qualities
of CRPS pain are often neuropathic, by currently accepted standards the condition does not fulfill criteria for
neuropathic pain [130]. Reliable data now show variable
involvement of central sensitization [131], motor abnormalities [132], and sympathetic efferent features [131] at
different times and in different individuals suffering from
CRPS [26, 129]. It is very likely that there will never be a
single medication that will effectively treat all patients
with this multi-factorial disease [26, 129].
Medications trialed specifically for CRPS include calcitonin and bisphosphonates, and several immune modulating drugs. Treatments better studied in neuropathic
pain include tricyclic anti-depressants, gabapentin and
pregabalin, carbamazepine, opioids, clonidine, nifedipine, a-adrenergic antagonists, lidocaine patches, and
topical capsaicin. This section summarizes the outcomes
from the few CRPS trials, as well as the pertinent trials
for related neuropathic pains. As with most treatments,
drug therapy works best when prescribed in conjunction
with functional restoration and treatment of other comorbid conditions (please see above).

General Considerations
•

•

•
•
•

To help avoid unrealistic expectations, patients should be told
that while there is no treatment proven to cure CRPS or reduce
symptoms in all patients, the drugs that patients will receive during their treatment have been shown to help with CRPS for some
patients.
Recognize that CRPS may be more than just a single unitary condition. Early CRPS (up to 6-18 months duration) can respond
differently to interventions than persistent CRPS [133].
Importantly, patients diagnosed with early CRPS likely will naturally improve [27, 30] and drugs or nerve-blocks that are effective even for only a few months may bridge the time to natural
recovery. Approximately 15% of early CRPS patients fail to recover [27], and an early cold limb may be a poor prognostic sign
[134].
Understand that most patients will over time develop analgesic
tolerance to available drugs whereas side effects often continue.
Available drugs are not thought to “cure” the condition.
Monotherapy is best, to minimize adverse effects, cost, and patient non-compliance, but rational polypharmacy is often
needed, particularly to address the various CRPS symptoms (and
disease subtypes). This of course should comprise rational combinations of different classes of medications rather than multiple
medications from the same class.
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The choice of medications should include cost considerations
and other patient needs.
Drugs that simultaneously treat multiple symptoms are desirable,
for example, tricyclic antidepressants are relatively effective in
RCTs for relieving neuralgic pain and also effective for anxiety,
depression, and insomnia [27, 128].
Traditionally, as needed (PRN) drug intake was considered inferior to scheduled drug intake. However, recognition that patients
often develop tolerance to regular analgesic drug intake has
changed this consideration somewhat. Some patients may benefit
from taking certain drugs as and when required, for example after a bad day, or in anticipation of a difficult night. More research is needed to clarify this question.
Reasonable treatment outcomes should be agreed upon in partnership with the patient before treatment starts (e.g., a pain reduction of two points on a 0–10 scale, improvement in specific
functional activities). If these targets are not achieved, or if initial
beneficial effects later lessen, the drug treatment should then be
reconsidered.

Anti-Inflammatory Drugs
Given their anti-inflammatory mechanism of action, nonsteroidal anti-inflammatory drugs (NSAIDs), COX-2
inhibitors, corticosteroids, and free-radical scavengers
are potentially useful for addressing pain that may be related to the inflammatory component of CRPS.
However, CRPS inflammation may be largely neurogenic
(initiated by inflammatory mediators from the terminals
of afferent nociceptors), and no drugs have proven effective for this type of inflammation [51]. Many patients
may have spontaneous improvement in inflammatory
features over time [31]—even those patients whose pain
does not get better.
This class of drugs would appear to be potentially useful for both prophylaxis and rescue, although this has not
been directly evaluated in clinical trials. NSAIDs inhibit
cyclooxygenase and prevent the synthesis of prostaglandins, which mediate inflammation and hyperalgesia and
thus may inhibit nociceptive processing [135, 136]. Our
clinical experience finds NSAIDs effective for some CRPS
patients (level 4 evidence). In addition to treating CRPS,
NSAIDs have also been used to treat other neuropathic
pain conditions, particularly when associated with inflammation (level 3 evidence) [51, 135–139]. CRPS usually affects distal extremities, while more proximal
muscle groups, such as in the shoulder, frequently hurt
(in response to persistent guarding of the limb) without
directly being affected by CRPS. This type of myofascial
pain/muscle pain may respond to NSAIDs.
Research support for NSAID utility in CRPS is lacking, with one study showing no analgesic value in treating CRPS [140]. Specific NSAIDs may be more useful
than others. Ketoprofen, for example, may have substantial anti-bradykinin and anti-prostacyclin effects in addition to the typical anti-prostaglandin effect [141].
Inhibitors selective for cyclooxygenase-2 (e.g., celecoxib)
have not been tested in CRPS, although are reported anecdotally to be of some use (level 4 evidence) [142–144].
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Highly publicized concerns of cardiac risk somewhat
limit the widespread use of COX-2 inhibitors [144]. We
note that acetaminophen is currently not recommended
for treatment of chronic disease due to the potential for
liver toxicity with regular or high dose use (www.fda.
gov/acetaminophen).
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useful, but definitive trials are currently lacking.
Emerging immune treatment strategies include a reduction of the autoantibody-serum titer and modification of
antibody downstream effects. A number of other therapeutic agents developed for the treatment of other
antibody-mediated conditions are available for testing in
CRPS, (B-cell or plasma-cell targeting drugs, FcRn receptor blockers, level 4) but trials are currently lacking.

Immune Modulation
Some evidence (level 2) suggests that very early initiation
(after trauma) of steroid treatment (approximately
30 mg/day for 2–12 weeks, followed by a taper) may be
effective [145, 146]. A systematic review [145] evaluated
one of these trials and found it to be low quality. Given
the data, a short course of steroids may be indicated in
early CRPS with prominent inflammation, but longer
courses are unproven [138] and there are numerous, serious contraindications to chronic steroid use [147] In persistent CRPS, intermediate-dose steroids (1 g orally in
total, taken over 2 weeks) are rarely effective and this
treatment often causes side effects [148]. High-dose
pulsed treatment (3x1g iv) as used in autoimmune conditions has not been evaluated. A single intrathecal steroid
injection was shown ineffective [149].
A randomized controlled trial (level 2) of low-dose
(0.5 g/kg) intravenous immunoglobulin (IVIG) treatment
for persistent CRPS indicated efficacy [150]. However, a
subsequent larger trial was negative [151] Although there
is some anecdotal evidence for the efficacy of high-dose
IVIG this has not been formally tested. The TNF-alpha
blocker, infliximab, was ineffective in a preliminary RCT
(level 3) which was stopped early [152]. Treatment with
lenalidomide which has strong anti-TNF activity was
also not effective, having been assessed in one of the largest RCTs (level 2) in persistent CRPS conducted to date
[153, 154]. A small, open-label randomized trial (level 3)
of mycophenolate (1.5 g BID) suggested efficacy [155]
but a larger trial would be needed to confirm these findings. Plasma exchange has been reported effective (level
4) in several case series [156] and consequently CRPS has
been added to the list of possible indications by the international plasma exchange society (ASFA) [157]. In our
clinical experience (level 4), plasma exchange treatment,
although providing pain improvement in some cases,
requires use of long repeat-exchange cycles (e.g., eight
exchange treatments over 4 weeks) and is unfortunately
complicated regularly by pain increase at the venous access site. A trial of low-dose naltrexone, an opioidantagonist drug that has potential immune modulatory
properties is currently recruiting (clinicaltrials.gov).
Finally, in a small, preliminary trial (level 3), 4/7 included
patients with CRPS appeared to have pain reduction after
treatment with the epidermal growth factor inhibitor
Cetuximab (2/7 had pain relief after placebo) [158].
Since autoantibodies have increasingly been implicated in CRPS pathophysiology [159–162], it is possible
that a combination of several of these drugs may be

Bisphosphonates
Bisphosphonates have immune-modulatory properties
and modulate bone metabolism [163]. One RCT (in
patients with very early “CRPS,” [who had an average
disease duration of 5 weeks from trauma , ]has shown
some efficacy with bisphosphonate treatment level 2)
[164], however, these results have not to date been reproduced elsewhere. Although several small bisphosphonate
trials reported efficacy in persistent CRPS [165] two recent large pharma-sponsored trials were either not
reported or were reported as negative [163] (level 2; see
clintrials.gov). Proponents highlight that it is possible
that bisphosphonates will improve selected sub-types of
CRPS, but given the occurrence of rare serious side
effects RCTs are required to confirm such beneficial
effects (level 4). It has been hypothesized that bisphosphonates may work best for CRPS characterized by osteopenia (“Sudeck’s Atrophy”); this subset of CRPS patients
may perhaps be identified by bone density or triple phase
bone scanning abnormalities (level 4). To date, this hypothesis remains unproven.

Cation-Channel Blockers
Drugs that block entry of sodium or calcium into neurons
reduce their action potentials. Most often used as anticonvulsants, several have efficacy in neuropathic pain
documented in large RCTs, meta-analysis and systematic
reviews (level 1 evidence) [165–169]. Gabapentin, firstline treatment for neuropathic pain, came to the attention
of pain specialists in an anecdotal report of efficacy for
CRPS [170]. It works at the alpha(2)-delta auxiliary subunit of voltage-dependent calcium channels and wellpowered large RCTs have demonstrated its efficacy, in
postherpetic neuralgia (PHN) and diabetic peripheral
neuropathy (level 2 evidence) [171, 172]. A case series in
adults [170] and one pediatric case report [173] suggest
efficacy in CRPS (level 4 evidence). The only RCT of
gabapentin in CRPS (level 2) was “negative,” however it
used a sub-maximal dose (1800 mg/day) [174]. As gabapentin neared the end of its patent-protection a large
pharmaceutical firm developed a closely-related compound, pregabalin, with essentially the same mode of action. Its major advantage is that some patients can
manage with twice-daily dosing, but relative cost should
be considered when deciding between the two [level 2]
There are no clinical trial data evaluating pregabalin for
CRPS.
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Carbamazepine has a traditional place in the treatment of neuropathic pain, and is FDA-approved for trigeminal neuralgia [175, 176]. One preliminary RCT with
an experimental design that included several patients
with CRPS responsive to spinal cord stimulator treatment
(and the SCS off) indicated that 600 mg/day of carbamazepine, taken over 8 days, had some analgesic efficacy
[177]. Oxcarbazepine is a similar anticonvulsant that often replaces carbamazepine because it has fewer serious
adverse effects (specifically bone-marrow suppression or
liver failure); headaches, dizziness, and nausea are the
most common adverse effects of oxcarbazepine [178].
Oxcarbazepine has not been studied specifically in CRPS.
Phenytoin is an older agent (with many side effects)
sometimes considered in neuropathic pain especially in
cases that involve “ectopic nerve firing” (level 2), but
there are no reported outcomes in CRPS [179–181].
RCTs for lamotrigine have studied its effects on other
neuropathic conditions, but not CRPS [155]. There is anecdotal evidence (level 4) for efficacy of a variety of other
anti-convulsants/neuro-modulators (levetiracetam, topiramate) in CRPS, but no compelling clinical trial evidence
supporting their use at this time.

Augmentation of Monoamines
Tricyclic and heterocyclic drugs that augment descending
inhibition by blocking presynaptic re-uptake of monoaminergic neurotransmitters (particularly norepinephrine)
are unsurpassed in efficacy for neuralgia [128, 182].
Although originally approved for depression (and anxiety), this indication has been supplanted in our patients
by use for neuropathic pain [182]. The antidepressant
(and anti-insomnia) efficacy of these compounds provides additional benefit for many patients. These are
“dirty drugs” with multiple mechanisms including peripheral sodium-channel blockade, which may in fact
contribute to efficacy [183]. Their once-daily dosing
(preferably with the sedative versions at night) and low
cost are added advantages.
A first-line option for neuropathic conditions and
headache (level 2 evidence) [184–187] tricyclic/heterocyclic antidepressants (HCAs) are used exclusively as prophylactic agents. Meta-analyses of RCTs support their
efficacy for neuropathic pain (level 1) [165, 166, 186].
One study reported that, for every 100 patients with neuropathic pain taking antidepressants, 30 would obtain at
least 50% pain relief (i.e., Number Needed to Treat
[NNT] of 3 [182, 186]. This is unsurpassed by any other
treatment for neuropathic pain; however it is worth noting that all of these previous trials have durations of only
weeks to a few months, and in clinical practice many
patients may eventually develop tolerance or tachyphylaxis to these drugs [128]. The development of tolerance
is less of a challenge in early CRPS where most patients
may eventually improve in any case [30]. In established
and persistent CRPS, to delay tolerance development
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some clinicians suggest it is worth considering prescribing these drugs PRN, i.e., aiming primarily to achieve
sleep-induction on difficult days.
It is thus useful to be familiar with several tricyclic/
heterocyclic drugs, as each possess specific side effects
which may be used to patient advantage [187, 188]. For
example, an anxious, depressed, thin, insomniac patient
may benefit from an anxiolytic, sedative, anti-depressant
drug (e.g., doxepin); conversely, an overweight, hypersomnolent patient with psychomotor retardation may
benefit from an antidepressant with more noradrenergic
selectivity (e.g., desipramine, which can be activating and
can cause weight loss) [185]. Selective serotonin reuptake
inhibitors (SSRIs) have not shown any analgesic efficacy
(level 4 evidence) [189, 190] but of course are very effective and safe anxiolytic/antidepressant drugs [189, 190].
The NNT for SSRIs in neuropathic pain is much higher
than traditional HCAs, for example, 7.7 for citalopram,
2.9 for paroxetine [165].
The tricyclic/heterocyclic drugs are by far the best single agents for managing CRPS. However, these drugs are
complicated and have known, expected side effects (some
of which can be very useful, such as sedation in insomniac patients, which is nearly ubiquitous; see above).
These drugs must be carefully monitored (frequent visits
when starting) and started in low dose with methodical,
gradual dose increases. The range of ultimate doses is
broad, and some patients respond well to low dose; yet
once started it is not appropriate to conclude lack of efficacy after a low dose trial. With tricyclics we recommend
an EKG before starting at mid-dose range and at ultimate
dose due to (rare) interval changes (level 4).
The older (venlafaxine) and newer combined
serotonin-norepinephrine reuptake inhibitors (SNRIs)
(e.g., milnacipran, duloxetine) are FDA approved for several chronic-pain indications, in addition to major depression. They have not been trialed for CRPS.
Venlafaxine, an older SNRI has some anecdotal value for
neuropathic pain and perhaps CRPS (level 4 evidence).
There is a pressing need for data on comparative efficacy
and safety of SNRIs and TCAs in CRPS.

Opioids
The earliest known expert opinion regarding opioids in
CRPS is that of S. Weir Mitchell, who commented that
“for the easing of neurotraumatic pain [referring to
“Causalgia” most like CRPS type I] the morphia salts . . .
are invaluable.” [123]. His description of the relief which
the young soldiers he treated obtained is well worth reading, as it also highlights the issues underpinning the opioid crisis: opioids can work extremely well when taken
for short periods; yet many problems arise with longerterm treatment (and patients may find it hard to understand why these drugs should not be available to them
long-term). However, outside the battlefield, opioids
may in fact be less effective even for short term treatment
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of CRPS. Only one RCT (level 2) has been conducted in
CRPS [177] evaluating controlled-release morphine, and
reporting no difference in pain reduction when compared
to placebo after 8 days’ use. This trial would not meet
today’s quality standards, so the question about shortterm efficacy of opioid medication in CRPS remains
open. As neuropathic pain does not respond as universally or well as acute nociceptive pain, dose escalation is
common, often with no added pain relief but accruing cumulative adverse effects [191–193]. Patients prescribed
100 mg or more of morphine or equivalent have a 9 times
greater risk of serious overdose than patients prescribed
less than 20 mg of morphine or equivalent daily, even after adjustment for comorbid conditions [194]. There is
growing consensus that while at lower doses opioids are
a reasonable 2nd or 3rd line treatment option to try,
doses should not be escalated freely. Methadone has theoretical advantages for neuropathic pain because of its
putative NMDA antagonism, as well as the practical advantage of low cost [195]. Tramadol may be helpful due
to its concomitant serotonin/norepinephrine re-uptake
inhibition, a potential advantage shared by tapentadol, a
potent opioid with noradrenergic reuptake inhibition
[196]. Tolerance and long term toxicity are unresolved
issues in CRPS patients for the moment, yet it is worth
noting that long-term high-dose opioid use can actually
worsen allodynia and/or hyperpathia [197–199].
Historically, Mitchell commented on tolerance: “When
continuously used, it is very curious that its hypnotic
manifestations lessen, while its power to abolish pain
continues, so that the patient who receives a half grain or
more of morphia may become free from pain, and yet
walk about with little or no desire to sleep” [200]
reminding us that in some cases low dose opioid can be
used successfully, chronically. However, in most cases
analgesic tolerance co-occurs with “opioid induced
hyperalgesia,” indistinguishable from symptoms of
CRPS. Thus there may be a consideration of the use of
short-acting opioids for break-through pain (“rescue”
dosing), but this has become controversial. Although occasionally taking an extra pill for a pain spike is unlikely
to harm, too many patients end up with daily or neardaily use of “rescue” opioids, obviating their purpose
and encouraging tolerance to what is effectively a higher
daily dose.
The mortality and morbidity of the chronic use of
opioids are well known and in a disease that is characterized by hyperalgesia, a drug class that chronically causes
hyperalgesia is questionable. It is very important that the
risk benefit of such a choice must be continuously
assessed.

NMDA Receptor Antagonists
NMDA receptor antagonists (e.g., MK-801, ketamine,
amantadine, memantine, and dextromethorphan) have
been evaluated for neuropathic pain, and for CRPS
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specifically, but toxicity at effective doses has generally
been high [201–205]. Ketamine, an NMDA-receptor antagonist has been used topically, orally, intra-nasally, intravenously and intrathecally [206]. Intravenous
administration of sub-anesthetic doses has been shown
effective in two CRPS RCTs (level 2) assessing either 10
consecutive outpatient infusion treatments [207], or a
4.5 day inpatient treatment with slowly escalating doses
[208]. Increasingly, at some centers, low-dose (sub-anesthetic) intravenous Ketamine treatment is provided (level
4), unfortunately in the absence of respectable long-term
outcomes data. In our own experience (level 4) tolerance
to this treatment can develop, which shortens the time of
the full beneficial effect. Additionally, side effects including dysphoria, hallucinations and a drug “high” make
this treatment modality unattractive to many patients
[209]. High-dose “ketamine coma” is likely associated
with very serious side effects and cannot be recommended [210]. There is no clinical trial evidence-base
supporting
treatment
with
oral
Ketamine.
Notwithstanding these results, the cited positive RCTs
indicate an important contribution of central sensitization to the CRPS condition which in many patients may
be temporarily reversed by treatment with intravenous
ketamine [211].
Amantadine has shown some benefit in cancer-related
neuropathic pain (level 2) [212] and in chronic neuropathic pain (level 4) [213]. A small RCT assessing oral
Memantine together with oral morphine suggested efficacy in a subgroup with persistent upper limb CRPS
(40% men, generally low pain intensities) [214] however
our subsequent attempt to replicate these results in a
more typical group of patients with persistent CRPS provided no indication for any beneficial effect [215].

Anti-Hypertensives and a-Adrenergic Antagonists
Clonidine is an a2-adrenergic agonist used more often in
the past to treat CRPS, when “sympathetically maintained pain” was thought to be a more uniform feature
than it is now [216] It can be given orally, transdermally, or epidurally (level 3 evidence) [217]. Adverse
effects include sedation, dizziness, headache, and hypotension [216, 217]. Although a case series showed that
transdermal clonidine benefitted local CRPS-induced
hyperalgesia and allodynia (level 4 evidence) [218], a systematic review [137] found no convincing support for
clonidine (level 1 evidence) [108] and indeed, it is only
rarely used for CRPS. Nifedipine, a calcium channel
blocker, has a strong mechanistic rationale for managing
vasoconstriction (level 4 evidence), and two uncontrolled
case series found doses of up to 60 mg/day useful for
CRPS [219–221].
Phenoxybenzamine and phentolamine are a-adrenergic antagonists sometimes discussed as third-line agents
for CRPS. Two case series provide very preliminary support for efficacy from treatment with phenoxybenzamine
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[219, 222]. Phentolamine is expensive, in limited supply,
and administered by continuous intravenous infusion,
and it is not widely used.

Calcitonin
Calcitonin, a polypeptide hormone produced by the thyroid, appears to have beneficial effects in CRPS independent of its effects on bone. It is usually administered
intra-nasally and is without significant adverse effects in
normo-calcemic individuals [223]. Calcitonin is one of
few CRPS treatments studied in multiple RCTs [224–
226], and meta-analysis of a limited number of controlled studies (level 1) demonstrates the value of intranasal doses of 100–300 IU per day for CRPS [227, 228].
Two other clinical trials of calcitonin in CRPS, however,
both identified as high-quality studies (level 2) in a systematic review, reported conflicting results [146]. One
found improved pain intensity after 100 IU calcitonin
thrice daily for 3 weeks; the other reported no improvement after 200 IU calcitonin twice daily for four weeks
[224, 226]. Despite the generally positive level 1 type evidence, calcitonin is rarely prescribed, and scarcely
available.

Pharmacotherapy for Other Symptoms in Chronic
CRPS
Dystonia, a common movement disorder in CRPS, often
requires independent treatment. Dystonia is itself painful
and can also worsen pain by impeding tissue perfusion
[229]. Treatment is complicated because prolonged tonic
postures can allow tendons to shorten into fixed contractures that require (painful, complicating) orthopedic procedures including tendon release or serial casting (see
rehabilitation section). Standard treatments for dystonia
are usually also prescribed in CRPS, although the mechanisms of dystonia in CRPS and other post-traumatic dystonias are distinct from the dystonias mediated by basalganglia dysfunction [229]. Although trihexylphenidate
can be considered, baclofen is the current first line option
(level 4). It should be prescribed orally at first, but it is sedating and many patients do not tolerate the high oral
doses effective for dystonia [229]. If baclofen is effective
but poorly tolerated, administration by intrathecal pump
is sometimes considered, although pharmacological and
mechanical complications are common and the research
group that had originally evaluated this intervention has
all but abandoned it now (personal communication)
[230]. Long-term use of muscle relaxants in CRPS such
as benzodiazepines or cyclobenzaprine are empirically ineffective in the long term, as well as poorly tolerated
(level 4).
Rare CRPS patients have severe edema in an arm or
leg that can painfully distort their tissues and compromise tissue oxygenation and nutrition, potentially leading
to skin ulceration, infection (and the extremely rare and
extremely controversial) need for amputation in the
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worst cases [231]. This should be treated with standard
treatments, usually limb elevation, regular aerobic exercise to improve circulation, and application of compressive garments if tolerated (see rehabilitation section for
detail).

Emerging Drug Treatment Options
Several emerging treatments are listed above under the
immune modulation section. Beyond those agents, there
is emerging support for cannabinoids in peripheral and
central neuropathic pain, particularly pain associated
with multiple sclerosis [232]. Although not yet trialed for
CRPS, the emerging trend of state-by-state availability in
the USA and legalization in other countries of medical
marijuana and cannabinoids improves the feasibility of
such a trial [233].
Botulinum toxin type A, used for years to weaken specific muscles in movement disorders and spasticity,
works by blocking acetylcholine release at cholinergic
synapses [234]. It also inhibits non-cholinergic neurotransmitter (e.g., glutamate) and neuropeptides (e.g., substance P and CGRP) release from primary afferent nerve
terminals, providing the rationale for independent evaluation in neuropathic pain [234]. Regional intradermal
injections of botulinum toxin improved spontaneous
pain, brush allodynia and cold pain thresholds at the
painful site of 25 patients with post-traumatic neuralgia
[235] and, when used in conjunction with sympathetic
blockade with bupivicaine, extended the duration of analgesia in a subset of CRPS patients [236]. (Level 3)
These findings await corroboration. Oral CGRP receptor
antagonists have been found effective and well-tolerated
for acute treatment of migraine [236], and CGRP and
other paracrine secretions from nociceptors are thought
to perhaps initiate many of the local features of CRPS, so
these type drugs should be assessed for CRPS in the
future.

Topical Treatments
Topical treatments must be distinguished from transdermal formulations such as the fentanyl or clonidine
patches that deliver systemic medication through the
skin. Topical medications remain local, reaching dermal
nerve endings, blood vessels, and other cells in the skin.
Topical medications are appealing by virtue of their relative lack of systemic effects; rashes and allergies are their
only major adverse effect. Topical options to consider for
CRPS include the 5% lidocaine impregnated patch, the
capsaicin and dimethylsulfoxide (DMSO) (all level 4 for
CRPS).
Some clinicians endorse the use Eutectic Mixture of
Local Anesthetics (EMLA) for patients with CRPS (level
3 evidence) [237] but it must be applied under an occlusive cover (e.g., plastic food wrap) to maximize penetration. The 5% lidocaine patch is FDA-approved for
treating PHN, and is available in generic formulation
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[238]. It may have efficacy in some local or focal CRPS
phenomena such as allodynia (level 4) [239].
Capsaicin, the vanilloid compound in chili peppers, is
a highly selective agonist for the Transient Receptor
Potential channel, Vanilloid-receptor type 1 (TRPV1)
that is expressed on central and peripheral terminals of
nociceptive primary sensory neurons [240]. Topical capsaicin causes activation followed by dying-back of nociceptive nerve endings by allowing unchecked cation
influx [240]. Use is limited by the painful burning sensation it evokes at the site of application until the site
becomes denervated. In an RCT, topical capsaicin
showed modest efficacy for PHN (level 2) [241]. A preliminary study of high-dose topical capsaicin plus regional anesthesia for CRPS demonstrated partial efficacy
(level 3) [242]. We have found topical capsaicin to be intolerably painful, somewhat messy, and unacceptable to
most patients (level 4) [42, 243–246]. In 2009, the FDA
approved a high concentration 8% capsaicin patch for
treating PHN once every 3 months [247]. It is applied to
the painful area for 1 hour after topical local anesthesia.
Two additional well-powered RCTs (level 2) were positive for high-versus low-dose capsaicin in peripheral neuropathic pain, including in HIV-associated distal sensory
polyneuropathy [248, 249]. However, in CRPS, exacerbated pain may render this treatment unsuitable (level 4)
[250].
DMSO is a free radical-scavenging agent. In a systematic review (level 1) [251] DMSO (50% cream for 2
months) provided significant CRPS symptom reduction
when compared with placebo, however pain intensity
was not improved [146].

Prevention
Analysis and meta-analysis of the first four published
studies on the use of vitamin C for prevention of CRPS
suggested that vitamin C significantly reduced the likelihood of CRPS developing after limb fracture or surgery
[252, 253] with 500 mg vitamin C daily recommended
for at least 45 days after injury or surgery [253].
However, a more recent large RCT that used this protocol for the prevention of post-fracture CRPS found that
vitamin C was associated with an increased incidence of
CRPS at 6 weeks after fracture relative to placebo, with
no effect at subsequent time points [254] The potential
utility of vitamin C in the prevention of CRPS therefore
remains unproven.”
To summarize, there are few therapeutic drug trials in
CRPS patients that meet criteria for level 1 or level 2 evidence. Clinicians must thus be guided by the results of
RCTs for neuropathic pain, smaller specific CRPS trials,
and clinical experience. A methodical and patientcentered empirical approach is essential (see Figure 3).
New drugs should be trialed one at a time, up to maximum dose, and discontinued if not clearly helpful or
where adverse effects are intolerable. The goal is as much
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to allow progress in functional restoration and rehabilitation as to relieve pain.

Psychological Interventions
Clinicians who work with CRPS patients recognize that
successful management of the syndrome presents a significant challenge. In the absence of any definitive medical
treatment [51, 227] the need for interdisciplinary management of CRPS has been emphasized as above [1, 58,
255]. It is now generally agreed that successful treatment
must simultaneously address the medical, psychological,
and social aspects of the syndrome [1, 53, 58]. As will be
described below, there are several reasons why addressing psychological and behavioral factors may be crucial
to successful treatment in patients with CRPS. A rationale for use of psychological interventions in the management of CRPS will first be described. The treatment
outcome literature regarding efficacy of psychological
interventions for CRPS will then be presented, followed
by a brief overview of relevant meta-analytic literature
regarding efficacy of such interventions for non-CRPS
chronic pain conditions. Finally, an overview of clinical
recommendations for psychological care of CRPS
patients based on both research literature and clinical experience will be presented.

Hypothesized Links Between CRPS and
Psychological Factors
The rationale for employing psychological interventions
in CRPS patients derives generally from their recognized
utility in management of non-CRPS chronic pain conditions, and more specifically, from theoretical pathways
through which psychological and behavioral factors
might directly interact with pathophysiological mechanisms believed to underlie CRPS. This latter theoretical
rationale suggests the possibility that psychological interventions may not only be palliative in CRPS (which is almost assured) but also could have a potentially beneficial
impact on underlying pathophysiology of the disorder in
the context of interdisciplinary treatment.
One pathway through which psychological factors
could influence onset or maintenance of CRPS relates to
the role of adrenergic mechanisms in the pathophysiology of CRPS (see Bruehl [256, 257] for a review of pathophysiological mechanisms of CRPS). Diminished
sympathetic outflow following peripheral nerve injury is
believed to lead to localized upregulation of peripheral
catecholaminergic receptors in the affected extremity
[258–260]. This upregulation may lead to local hypersensitivity to circulating catecholamines, which in turn leads
to excessive vasoconstriction [258–262], accounting for
the characteristic cool, blue extremity typically seen in
chronic CRPS. Following nerve injury like that which
may initially trigger CRPS [263, 264], primary afferent
fibers may also become sensitive to adrenergic excitation,
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Reason for inability to begin
or progress
Mild to moderate pain
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Action
Simple analgesics and/or blocks
(see interventional therapy section)
Opioids and/or blocks or later more

Excruciating, intractable pain

experimental interventions
(see interventional therapy section)

Inflammation/swelling and edema

Steroids, systemic or targeted (acutely) or
NSAIDs (chronically); immune modulators
Sedative, analgesic

Depression, anxiety, insomnia

antidepressants/anxiolytics
and/or psychotherapy
(see pharmacotherapy section)
Anticonvulsants and/or other sodium

Significant allodynia/hyperalgesia

channel blockers or NMDA-receptor
antagonists

Significant osteopenia, immobility and
trophic changes#

Calcitonin or bisphosphonates
Calcium channel blockers, sympatholytics

Profound vasomotor disturbance

and/or blocks
(see interventional therapy section)

Figure 3. An empiric, consensus-based pharmacotherapy guide (modified by consensus from [3]). The following strategies are suggested for patients who have been diagnosed with CRPS but who cannot begin or progress in the functional restoration algorithm
(level 4)*.
*It is important to remember that these general suggestions are overruled by individual patient presentation.
#
It is important to note that certain drugs (e.g. calcitonin), may be associated with analgesia as well as the more primary action.

leading to increased nociceptive firing in response to sympathetic discharge or circulating catecholamines [265–
267]. This catecholamine-induced nociceptive firing in
turn is likely to contribute to central sensitization (by
maintaining elevated peripheral nociceptive input) which
may underlie the allodynia and hyperalgesia associated
with CRPS [268, 269]. Central sensitization produces increased pain, which itself may provoke catecholamine release that further stimulates the nociceptive input
maintaining the central sensitization, thereby producing
a dysfunctional vicious cycle. The impact of catecholamine release in the pathophysiological mechanisms described above is important to recognize given that
psychological factors such as life stress and emotional
distress (e.g., anxiety, anger, depression) can be associated with increased catecholamine release [270, 271].
For example, greater depressive symptoms were associated with higher levels of plasma epinephrine in a sample
of 16 CRPS patients [131]. It is theoretically plausible
that psychological factors such as these could, through
their impact on catecholamine release, interact with adrenergically mediated pathophysiological mechanisms to
contribute to maintenance, or possibly onset, of CRPS.

More recent work suggests that interactions between
psychological factors and inflammatory mediators may
also be important to consider, given the increasingly recognized role of inflammation in CRPS [256]. For example, laboratory research in healthy individuals indicates
that greater pain-related catastrophic thinking, which is
common in CRPS patients, is associated with increased
pro-inflammatory cytokine activity in response to painful
stimuli [272]. Moreover, in CRPS patients, psychological
stress has been shown to be associated with alterations in
immune function that could impact on inflammatory
cytokines hypothesized to contribute to CRPS [273].
Thus, psychological stress, catastrophizing, and negative
affect variables associated with an elevated proinflammatory state could exacerbate any underlying inflammatory mechanisms contributing to CRPS.
Examination of the historical CRPS literature indicates
frequent comments from authors indicating that psychological dysfunction (usually emotional disorders) was assumed
to contribute to CRPS in many patients. This assumption
often colored physicians’ conceptualization of CRPS
patients despite the absence for many years of controlled
studies testing these assumptions. Examination of this
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literature indicates that most studies assessing the role of
psychological factors in CRPS have been limited to case series descriptions or cross-sectional psychological comparisons between CRPS patients and non-CRPS chronic pain
patients. A 2009 review of this literature concluded that the
majority of these studies do not support a role for psychological factors in onset and maintenance of CRPS [274].
Ability to make conclusions about psychological factors contributing to onset of CRPS depends on a prospective research design, and unfortunately, well-designed
prospective studies are rare in the CRPS literature. A prospective study in 50 post-fracture patients indicated that
while occurrence of CRPS was relatively common (18%
incidence), personality and depression scores did not differ significantly between those who did and did not develop CRPS [275]. Similar but stronger conclusions can
be drawn from a large, well-designed prospective study
of 596 consecutive fracture patients, of whom 7% developed CRPS [276]. Neither depression nor stressful life
events assessed shortly after fracture predicted eventual
development of CRPS. In contrast to these negative findings, other prospective work indicates that higher levels
of anxiety prior to undergoing total knee arthroplasty
were associated with significantly greater likelihood of a
CRPS diagnosis at one month post-surgery, with a similar trend for depression [277]. Subsequent findings in this
dataset provide stronger evidence in support of the psychophysiological model described above [33]. Using the
extent of CRPS symptoms indexed by the CSS (described
above) as the outcome rather than dichotomous diagnosis, increases in depression levels from pre-surgical baseline to 4 weeks post-surgery were found to predict
significantly greater extent of CRPS symptoms at both 6and 12-month follow-up, with similar findings at 6months for early post-surgical increases in anxiety [33].
The best available literature above is ambiguous.
However, even if the psychophysiological model were accurate, this should not be taken to imply that the presence of psychological “risk factors” alone would be
either necessary or sufficient to cause CRPS. For example, another prospective study revealed that among 88
consecutive patients assessed shortly after acute distal radius fracture, 14 had significantly elevated life stress but
did not develop CRPS, and the one patient who did develop CRPS had no apparent psychological risk factors
(i.e., no major life stressors, average emotional distress
levels) [278].
Until more definitive prospective studies are available,
the question of whether psychological factors affect the
development and maintenance of CRPS must be
addressed solely on the basis of case reports and retrospective or cross-sectional research designs which do not
allow causation to be inferred. Two uncontrolled retrospective case series reported a relationship between onset
of CRPS and contemporaneous emotional loss or major
life stressors [279, 280]. Similarly, a controlled study regarding the role of life stress in CRPS onset found that
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80% of patients in a CRPS sample recalled a stressful life
event contemporaneous with the initiating physical
trauma, in contrast to only 20% of non-CRPS controls
[281]. While one retrospective study indicates that pediatric CRPS patients also recall a higher level of stressful
life events at pain onset compared to non-CRPS pediatric
pain patients [282] and other work indicates greater rates
of Post-Traumatic Stress Disorder diagnosis in adult
CRPS patients than in non-CRPS chronic pain patients
(with onset predating chronic pain development in 86%
of patients) [283]; all of these studies are retrospective in
nature. There remain no prospective tests of this life
stress hypothesis. In contrast to the positive findings
above, one cross-sectional study indicated that while
CRPS patients reported stressful life events at a higher
rate than in the general population, they reported fewer
stressful life events than individuals with conversion disorders or affective disorders [284]. Moreover, rates of
childhood traumatic experiences were similar between
CRPS patients and those with affective (e.g., depression)
or conversion disorders. Results of this latter study do
not provide strong support for a unique role of stressful
life events in CRPS development.
If psychological dysfunction were somehow uniquely
involved in onset or maintenance of CRPS, one might
also expect increased prevalence of psychiatric disorders
or elevated levels of emotional distress in this population.
Based on structured interviews, estimates for prevalence
of Axis I psychiatric disorders (e.g., anxiety and depressive disorders) in CRPS patients indicate a prevalence
ranging from 24% to as high as 46% [285, 286]. It
should be noted that only Monti et al. [285] included a
non-CRPS chronic pain control group, and these authors
reported that Axis I prevalence was not significantly
higher in CRPS compared to non-CRPS pain patients.
Neither of the studies above documented psychiatric status prior to CRPS onset, and therefore cannot address the
issue of causality. Possibly arguing against depressive disorders as a unique contributor to CRPS onset is recent
work indicating that depression levels in a sample of
adult CRPS patients, although higher than in other types
of chronic pain, were significantly lower than in patients
with Major Depressive Disorder [287]. In summary,
there is currently no compelling evidence that psychiatric
disorders contribute to development of CRPS, nor is
there consistent evidence that CRPS patients suffer from
diagnosable psychiatric disorders at a higher rate than do
other chronic pain patients. Of course, CRPS patients
should be carefully assessed for psychologic disorders,
and if found, should be treated definitively for optimal
outcomes.
Controlled studies have also addressed the issue of
whether CRPS patients are more emotionally distressed
than other types of chronic pain patients. Several crosssectional studies have found that CRPS patients report
being more emotionally distressed than non-CRPS pain
patients, in terms of depression and/or anxiety levels
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[287–290]. Other work indicates that patients displaying
signs and symptoms of CRPS 6 months following total
knee replacement reported significantly higher levels of
anxiety than did patients not displaying CRPS, despite
the fact that both groups were continuing to experience
at least some degree of pain [277].
It is not known whether observed elevations in psychological distress in studies like those above are a cause
or result of CRPS pain. Possibly in support of the former
causal interpretation are data from a time series diary
study indicating that depression levels on a given day
were a significant predictor of CRPS pain intensity on the
following day [291], a finding common in non-CRPS
chronic pain as well (e.g., Burns et al. [292]). The other
alternative, however, is that elevated distress sometimes
reported in CRPS patients relative to non-CRPS chronic
pain patients might be due to the unusual and sometimes
severe and dramatic symptomatology of CRPS (e.g., allodynia, hyperalgesia, vasomotor changes, significant
edema, motor changes) being more distressing than
experiencing more common forms of chronic pain.
Despite results of some studies suggesting that CRPS
patients are more distressed than comparable non-CRPS
chronic pain patients, several other studies have reported
no such differences. For example, work by Ciccone and
colleagues provided only partial support for this hypothesis, finding that CRPS patients reported more somatic
symptoms of depression than non-CRPS patients with local neuropathy, but displayed no emotional differences
relative to low back pain patients [293]. Other studies
have found no evidence of elevated distress among CRPS
patients compared to low back pain patients [294, 295]
or headache patients [294]. These negative results suggest
the possibility that rather than CRPS being associated inherently with greater distress, the inconsistent findings
regarding this issue may be accounted for by differences
in sample selection, pain duration, clinic referral patterns, and specific psychometric measures used across
studies. In the absence of additional well-controlled studies, it remains unclear whether the findings suggesting
uniquely elevated distress in CRPS patients are an artifact
of sample selection.
Whether or not absolute levels of negative affect are elevated in CRPS patients, several studies suggest that negative
affect, when present, may have a greater impact on pain intensity in CRPS than in other types of chronic pain [290,
296]. Specifically, correlations between pain intensity on the
one hand, and depression, anxiety, anger expressiveness, and
acute mental stress on the other hand, have been found to be
significantly stronger in CRPS patients than in non-CRPS
chronic pain patients [290, 296–299]. These results suggest
that even if CRPS patients are not uniquely distressed, the
impact of that distress may be unique, possibly due to the hypothesized adrenergic interactions described above. Such
findings may also have treatment implications. For example,
a small prospective treatment study in CRPS patients indicated that greater baseline anxiety predicted lower
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subsequent pain relief and functional improvement 6-months
or more following treatment using sympathetic blocks (level
3) [300]. Conversely, psychological interventions that reduce
distress might be expected to contribute to reductions in
CRPS symptoms (e.g., pain, vasomotor changes) and potentially enhance the efficacy of other interventions.
Another important pathophysiological mechanism
that may contribute to CRPS is the sometimes dramatic
disuse that patients develop in an effort to avoid stimuli
that may trigger hyperalgesia and allodynia in the affected extremity. The impact of disuse is demonstrated
by an experimental study in 30 healthy individuals who
underwent upper extremity casting for 28 days.
Compared to non-casted controls, experimental immobilization alone resulted in cold hyperalgesia and skin temperature asymmetry lasting 3 days following cast
removal, as well as longer lasting reductions in mechanical pain threshold [84]. That disuse is an issue in CRPS is
supported by findings that diminished active range of
motion is common even in early CRPS [301], and that
CRPS is associated with significantly reduced mobility
and impaired ability to use the affected area normally
[302]. Significant inverse correlations between CRPS
pain intensity and ability to carry out activities of daily
living [303] suggest that pain avoidance is a likely reason
for CRPS-related activity impairments and disuse.
Learned disuse (kinesiophobia), related to fear of pain
and reinforced by either avoidance of actual pain or reduced anxiety subsequent to avoiding anticipated pain
exacerbations, may prevent desensitization and eliminate
the normal tactile and proprioceptive input from the extremity that may be necessary to restore normal central
sensory processing [1, 45]. Learned disuse may also inhibit the natural movement-related pumping action that
helps prevent accumulation of catecholamines, pronociceptive neuropeptides, proinflammatory cytokines and
edema in the affected extremity, all of which may impact
negatively on CRPS signs and symptoms [265, 304].
Pain-related learned disuse might therefore interact with
other pathophysiological mechanisms to help maintain
and exacerbate both the pain-related and autonomic features of CRPS [305].
While the contribution of psychophysiological interactions to CRPS is largely speculative, it is theoretically consistent and highlights the importance of addressing
psychological factors in the clinical management of CRPS.
A vicious cycle in which pain provokes disuse and emotional
arousal, both of which in turn further exacerbate the pain,
could contribute to maintenance of CRPS. Psychological/behavioral treatments may therefore play an important role in
CRPS management by targeting learned disuse and both life
stress and negative affect that may contribute to maintenance or exacerbation of the disorder. Consistent with potential benefits of this treatment focus, a prospective study
(level 3) in acute CRPS patients found that greater baseline
anxiety and pain-related fear predicted worse treatment outcomes in terms of pain and disability over the following
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12 months [306], suggesting that early targeting of these
issues may have long-term benefits. Psychological treatments
can also enhance pain coping skills that ultimately lead to
improved functioning and quality of life and increase ability
to self-manage pain. In line with this, an electronic diary
study showed that in CRPS patients, greater engagement in
pain acceptance-based coping (a core tenet of Acceptance
and Commitment Therapy [ACT]) was linked to same-day
improvements in pain and mood [307]. At minimum, psychological treatments focusing on the issues above are likely
to enhance patients’ sense of control over the condition, and
thereby reduce fears that may be a barrier to achieving success in functional therapies.

Efficacy of Psychological Interventions in CRPS
Patients
A PubMed literature review reveals a number of studies
that have addressed efficacy of psychological interventions for CRPS, although nearly all of these reflect uncontrolled designs that permit only limited conclusions to be
drawn. An additional caveat regarding these studies is
that the criteria used to diagnose CRPS were often not
adequately described and in all likelihood varied substantially across studies. This lack of consistent or specified
diagnostic criteria limits the ability to generalize these
results to patients diagnosed according to current IASP
criteria for CRPS.
A summary of studies specifically reporting on efficacy of psychological treatments for CRPS is presented in
Appendix A1 [314–329]. This reveals few randomized
controlled trials (RCTs) specifically testing psychological
interventions in CRPS patients. Fialka et al. [315] (level
2) randomized 18 CRPS patients to receive either home
PT or home PT plus once-weekly autogenic relaxation
training for ten weeks. Both groups showed similar
improvements in pain, range of motion, and edema, although patients in the PTþAutogenics group demonstrated significantly greater improvements in limb
temperature. Although low statistical power due to the
small sample limited the ability to adequately evaluate intervention efficacy, these results suggest that relaxationbased interventions may have some benefit in management of CRPS.
Paced breathing in various forms is often a component
of biofeedback, relaxation, and newer mindfulness-based
interventions for pain. Results of one well-controlled pilot study (level 3) found that while healthy individuals
experienced significant improvements in cardiac vagal
tone (an index of inhibitory neural tone based on heart
rate variability) when engaging in paced breathing, CRPS
patients did not, despite achieving comparable reductions
in breathing rate [318]. Despite absence of changes in
this vagal index with slowed breathing, the pain relevance of vagal inhibitory function in CRPS was shown
by its strong inverse association with pain intensity in the
CRPS group [318]. Although not definitive due to low
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statistical power, these pilot findings raise the possibility
that physiological alterations associated with CRPS
might impair the efficacy of some relaxation-focused
interventions.
Although there are no well-controlled trials of traditional biofeedback training (e.g., relaxation training or
autogenic training combined with finger temperature or
muscle tension biofeedback) for CRPS, there is one study
describing a novel use of virtual reality that can be
viewed as a form of biofeedback [321]. In a shamfeedback controlled crossover trial (level 2), presentation
of a virtual reality image in which the affected limb was
flashing visually in synchrony with the heartbeat significantly reduced pain intensity, increased grip strength,
and increased vagal cardiac tone (based on heart rate variability) compared to an image of the limb flashing out of
synchrony with the heartbeat [321]. While intriguing, it
is unclear whether this technique would be pragmatic in
a clinical setting due to the technology involved.
Another application of behavioral therapy for CRPS
management noted previously is graded exposure therapy, an intervention that directly targets pain-related
fears and learned disuse. In an initial trial of this intervention, in vivo graded exposure therapy was used to target fear of movement in eight CRPS patients in a series of
well-controlled single subject experiments (level 3 evidence) [104]. This exposure therapy resulted in significant reductions in pain-related fear of movement, with
pain, disability, and other symptoms of CRPS also decreasing significantly in parallel fashion. A subsequent
RCT (level 2) showed that compared to treatment as
usual (pain-contingent therapy), in vivo exposure led to
significantly greater improvements in pain intensity, pain
catastrophizing, perceived harmfulness of activities, and
disability at 6 month follow-up [320]. These results are
consistent with findings based on per protocol (but not
intent-to-treat) analyses in a separate RCT (level 2)
[319]. Recent work suggest that exposure therapy may
be more effective for CRPS when it targets a greater variety of feared activities [322].
Results of several published case studies and small
case series suggest that the pain of CRPS may also be reduced through use of a variety of other psychological
techniques. For example, Barowsky et al. [310] (level 4)
reported on a 12-year old CRPS patient in whom ten sessions of thermal biofeedback resulted in resolution of
CRPS that had been resistant to previous treatments.
Alioto [309] (level 4) reported that an adult chronic
CRPS patient experienced a 75% decrease in pain intensity and improved mood following a series of psychological sessions incorporating autogenic relaxation,
breathing relaxation, and muscular and temperature biofeedback. Total elimination of pain was reported by this
same author in a 16-year old CRPS patient using a similar intervention approach [309]. Dramatic improvements
like those above were also noted in an adult chronic
CRPS patient described by Blanchard (level 4) [308].
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Eighteen sessions of thermal biofeedback training
resulted in nearly complete elimination of pain, as well as
the ability to raise digital temperature in the affected
hand by 1.5 degrees C. This relief was reported to be
maintained at one-year follow-up. Autogenic relaxation
and imagery training (six sessions) have been reported to
result in complete resolution of CRPS-related pain of
seven months duration in a 15-year old patient, with
these gains reportedly maintained at 18 month follow-up
(level 4) [311]. Hypnotic imagery combined with relaxation techniques (over a six to nine month period) has additionally been reported to result in complete resolution
of CRPS symptoms in a series of three adult CRPS
patients (level 4) [313]. It should be noted that the complete resolution of symptoms described in some case
reports using only psychological interventions is likely to
be atypical, and fails to recognize the number of less dramatic successes or even treatment failures no doubt encountered by these same authors. While the uncontrolled
designs used in the studies described above prevent definitive conclusions from being drawn regarding the efficacy
of psychological techniques for CRPS, they clearly support the idea that such techniques can play an important
role in effective multidisciplinary treatment.
Other research also supports the value of integrating
psychological methods into multidisciplinary CRPS management [64, 103, 316, 317]. Two RCTs examining efficacy of physical therapy for CRPS described previously
have included components of psychological treatment in
the therapy package [64, 72, 316]. Oerlemans et al. [64,
316] (level 2) tested a physical therapy protocol that included relaxation exercises and cognitive interventions
(designed to increase perceived control over pain). This
combined intervention was found to produce significantly greater improvements in pain, active range of motion, and impairment levels than were observed in the
social work control group [64, 316]. In another RCT of
physical therapy, Lee et al. [72] (level 2) examined two
different frequencies of physical therapy treatment (once
per week versus three times per week) for child and adolescent CRPS patients, with both groups additionally receiving six sessions of cognitive behavioral treatment.
Although no attentional control group was available for
comparison, both groups were found to improve significantly in terms of pain and function when compared to
their pre-treatment baselines. While the multicomponent
interventions in both of these studies do not permit conclusions to be drawn specifically regarding the efficacy of
psychological interventions, they do suggest that psychological treatment in combination with physical therapy
may prove effective in a rehabilitation-focused approach
to management of CRPS. This conclusion is also supported by results of a prospective controlled case series
examining efficacy of combined therapy for CRPS. A 4week interdisciplinary pain management program including medical treatment, physical and occupational therapy, and group psychotherapy produced significant
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improvements in several functional outcomes without
any corresponding increases in pain-related anxiety, suggesting how such treatments could potentially work synergistically (level 3) [317]. Although not addressing
CRPS specifically, one recent meta-analysis (level 1) suggests that psychological interventions for chronic pain
may be more effective when provided in the context of
multidisciplinary care than when provided alone [323].
This meta-analysis found that effect sizes for an ACT intervention approach regarding disability and mood were
significantly larger when ACT was provided in the multidisciplinary rather than unidisciplinary context.
Uncontrolled trials also support inclusion of psychological interventions in the multidisciplinary treatment
package for both pediatric and adult CRPS patients.
Wilder et al. [314] (level 3) described a conservative multidisciplinary treatment program used in 70 childhood
CRPS patients that incorporated relaxation training and
cognitive-behavioral interventions, noting that it resulted
in improved pain and functioning in 57% of the sample.
Even more impressive results were reported by Sherry
et al. [103] (level 3) in a case series of 103 primarily adolescent CRPS patients. Multidisciplinary treatment incorporating conservative medication management, regular
active physical therapy, and psychological counseling
(for 77% of the sample) reportedly resulted in 92% of
this sample achieving symptom-free status [103].
Although no details are provided, Wesdock et al. [312]
(level 3) noted that biofeedback was helpful in some
cases of short-duration childhood CRPS in the context of
multidisciplinary treatment. In an adult CRPS case series
with 49 patients (level 3), a multidisciplinary treatment
program including individual biofeedback training and
both group and individual cognitive behavioral therapy
resulted in significant pre-post treatment improvements
in mood, catastrophizing, pain coping, pain acceptance,
and pain-related disability, as well as improvements in
pain intensity that approached significance [86]. A
smaller case series (level 3) in 10 adult CRPS patients
also suggested benefits of multidisciplinary treatment
that incorporated cognitive-behavioral therapy and ACT,
showing notable pre-post intervention reductions in specific sensory (18%) and motor/trophic (19%) symptoms
of CRPS [324].
Given the nearly complete absence of RCTs of psychological interventions for CRPS, results of a recent review
and meta-analysis of cognitive behavioral interventions
in other neuropathic pain patients may be informative
[325]. Only a single randomized controlled trial of high
methodological quality was identified, which demonstrated significant efficacy of cognitive behavioral interventions for reducing neuropathic pain intensity,
although this effect was restricted to women (level 2)
[326]. However, meta-analysis of all four available controlled trials (level 1) indicated no overall significant
effects of cognitive behavioral therapy on neuropathic
pain intensity. These results do not provide unambiguous
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support for the likely efficacy of psychological interventions in CRPS patients, but firm conclusions cannot be
drawn due to the limited number of studies available.
In summary, there are only a few small RCTs specifically testing the efficacy of psychological interventions for
CRPS, either alone or in the multidisciplinary context.
However, the data available do suggest that psychological
interventions are likely to be a useful part of a comprehensive interdisciplinary treatment program. The efficacy of
such techniques for CRPS would not be surprising, given
the strong evidence of their utility in other types of chronic
pain. These results will be briefly summarized below.

Comparative Efficacy of Psychological
Interventions in Other Non-CRPS Chronic Pain
Disorders
Numerous RCTs have documented the efficacy of various psychological approaches to the management of
chronic pain in general, and these have been quantitatively summarized in several published meta-analyses.
Treatment approaches examined include many of the
same interventions used in the CRPS studies described
previously, including relaxation techniques, autogenic
training, biofeedback, behavioral therapy, and cognitive
behavioral therapy, as well as more recent mindfulnessbased and ACT approaches. Results of several metaanalyses clearly document the efficacy of these techniques
for non-CRPS chronic pain conditions. For example, a
meta-analysis of clinical trials testing progressive muscle
relaxation techniques found significant effects in various
chronic pain conditions, reflecting a moderate effect size
(level 1) [327]. Meta-analysis specifically of autogenic
training, another relaxation procedure, also indicated a
significant and at least moderate effect size in controlled
trials for patients with headache and somatoform pain
disorder (level 1) [328]. Significant efficacy for biofeedback training is also indicated by meta-analyses in populations including temporomandibular joint pain and
migraine headache patients (both level 1) [329, 330].
More generally, meta-analyses of RCTs across psychological treatment types (various treatments provided both
alone and in combination) indicate significant efficacy of
this class of techniques for a variety of chronic pain conditions, including low back pain, fibromyalgia, rheumatoid arthritis, and cancer-related pain (all level 1) [331–
341]. Results of one available meta-analysis also confirm
that cognitive behavioral interventions are significantly
effective for children and adolescents with chronic pain
(level 1) [342]. Overall, the results of RCTs of psychological treatment approaches consistently indicate at least a
moderate benefit, in terms of experienced pain, mood,
and function, for patients with a variety of chronic pain
conditions. Given the efficacy of these interventions
shown for various non-CRPS chronic pain conditions,
their utility specifically in the management of CRPS
might also be expected. These meta-analytic findings
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provide additional support, albeit indirect, for the
reported efficacy of psychological interventions in CRPS
patients described in uncontrolled trials.

Clinical Recommendations
There is little well-controlled CRPS-specific outcome research on which to base psychological treatment recommendations for the condition. However, clinical
experience and available data do suggest several specific
strategies that may be helpful.
While there are indications that many cases of acute
CRPS may resolve relatively quickly without any need
for specific psychological intervention, a low cost and potentially helpful intervention recommended for all acute
or chronic CRPS patients is comprehensive education
about the condition [343]. Specifically, it is recommended that all patients and their families receive detailed information early in treatment that addresses the
negative effects of disuse, the importance of reactivation,
the need for an active self-management approach to
treatment, and that provides an explanation of how possible psychophysiological interactions could affect severity of CRPS. Such education may help prevent
development of dysfunctional behavior patterns (e.g., elevated distress and severe disuse) that could contribute to
the severity, disability, and chronicity of the condition.
For more chronic CRPS patients or those who do not respond to limited intervention, individualized psychological evaluation is recommended, followed by focused
psychological pain management treatment. An overview
of several key issues to address in this assessment and
treatment is provided below.

Psychological Assessment
Several specific areas of relevance to CRPS management
should be addressed in the psychological evaluation, including: 1) presence of comorbid Axis I (or Axis II) psychiatric disorders, 2) cognitive, behavioral, and emotional
responses to CRPS, 3) ongoing life stressors, and 4)
responses by significant others to the patient’s CRPS. As
noted previously, Axis I psychiatric disorders such as
Major Depression, Panic Disorder, Generalized Anxiety
Disorder, and Posttraumatic Stress Disorder are at least as
common in CRPS patients as in other chronic pain patients
[285]. The importance of assessing for disorders such as
major depression is highlighted by the fact that diminished
energy level and motivation related to clinical depression
may be a significant barrier to success in active physicallyfocused treatment modalities (e.g., physical and occupational therapy); also, there are very effective and safe medications available. Identification of specific life stressors and
general emotional arousal (depressed, anxious, fearful, or
angry mood) even in the absence of clinically diagnosable
psychiatric disorder may be equally important given possible psychophysiological interactions hypothesized above.
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Research in chronic back pain patients indicates that
pain-related disability is more strongly related to fear of
pain than it is to the level of pain intensity itself [49].
Therefore, assessment of CRPS patients’ fear of their
pain is also important. Evidence from studies in chronic
back pain patients indicates that pain-related fear contributes to elevated pain intensity and disability in part
by leading to chronic guarding, bracing, and disuse in response to fears that movement will lead to increased pain
and re-injury [344]. This is particularly important for
CRPS patients, in whom disuse may interact directly
with the pathophysiology of the disorder, and in whom
severe guarding may contribute to secondary proximal
myofascial pain that can mimic spreading of the disorder
(and further increase fear). Not all activity avoidance in
CRPS patients is unreasonable (e.g., avoiding heavy lifting with the affected hand), and therefore the focus
should be on identifying activity avoidance that is extreme and unreasonable. For example, some CRPS
patients may appear to be experiencing agoraphobia
based on their reports of an intense desire to avoid
crowded environments. However, further assessment in
these cases may reveal that this avoidance is motivated
by excessive fears that someone will accidentally make
contact with the affected extremity and provoke extreme
pain. While patients admit that this is unlikely to occur,
the behavior persists. This pattern highlights the fact that
activity avoidance and disuse in chronic pain can be
operantly-reinforced by the decreased fear that accompanies avoidance of expected pain exacerbations [345].
Assessment of the cognitive impact of CRPS should include thorough exploration of the patient’s beliefs regarding
CRPS. Several misconceptions are common among patients,
particularly those who have failed previous treatments. For
example, patients may believe that CRPS is an untreatable,
progressively deteriorating condition, and that it will necessarily spread throughout the body (a belief not supported by
empirical studies). Catastrophic cognitions such as these are
often a contributor to negative emotional states that may
have a deleterious impact on CRPS and responses to treatment [300]. The importance of addressing catastrophic cognitions in CRPS treatment is highlighted by results of a
prospective study in non-CRPS neuropathic pain patients,
which indicated that level of catastrophizing at study baseline
predicted level of pain eight weeks later, independent of baseline pain and depression [346]. Patients may also possess incorrect beliefs regarding the meaning of CRPS pain. Not
surprisingly given the intensity and unusual nature of allodynic pain, patients may assume that pain signals damage,
and as a corollary, “if it hurts, don’t do it.” Such beliefs may
be a primary contributor to pain-related fear, and consequently, exacerbate disuse (kinesiophobia). It is therefore important that patients understand that CRPS pain does not
signal tissue damage. Unrealistic beliefs regarding how CRPS
treatment should progress may also be problematic.
Common misconceptions include beliefs that sympathetic
blocks alone are curative, and that treatments that exacerbate
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pain temporarily cannot contribute to long-term improvements. Invasive and expensive interventional procedures,
such as spinal cord stimulation, may prove valuable for some
patients in the later stages of treatment. However, excessive
focus early in treatment upon invasive interventions viewed
as a “quick fix” before patients have participated in a comprehensive interdisciplinary/multidisciplinary program leads
to reduced motivation to engage actively in such care, and
outcomes are likely to suffer. The importance of considering
treatment expectations is underscored by recent qualitative
research examining the content of CRPS internet message
boards, which found that many CRPS patients have unrealistic expectations regarding likely outcomes of medical interventions for CRPS [347].

Psychological Pain Management Interventions
The pain management intervention component of CRPS
treatment should include relaxation training (preferably
in conjunction with thermal and/or electromyographic
biofeedback) and/or mindfulness-based stress reduction,
training in cognitive pain coping skills (CBT), related
interventions focused on living well with CRPS (i.e.,
ACT), and behavioral intervention to address disuse and
activity avoidance issues, as well as family reinforcement
issues. In addition to the above, other targeted cognitive
behavioral therapy interventions may be helpful if specific issues are identified during evaluation which may
impact on the condition or ability to engage effectively in
treatment (e.g., major ongoing life stressors or Axis I psychiatric disorders).
The goal of relaxation training with biofeedback is to
increase patients’ ability to control their pain and decrease emotional arousal (and associated sympathetic discharge) that may impact negatively on the condition.
Clinical trial data in non-CRPS chronic pain suggest that
breathing-focused relaxation, progressive muscle relaxation, relaxing imagery, autogenic training, and
mindfulness-based approaches all may prove beneficial.
There is no clear evidence of the superiority of any one of
these interventions, and thus the specific techniques
employed are generally determined by patient and therapist preference. With all relaxation/biofeedback techniques, the key factor determining their clinical efficacy is
the degree to which patients practice the techniques at
home and integrate them into their pain coping during
regular activities on a daily basis.
A second aspect of the pain management treatment
component is cognitive intervention. Given the emphasis
in consensus guidelines for CRPS management using an
active rehabilitation approach [1, 53], it is important to
reframe the CRPS patient’s role as that of an active participant in the treatment process rather than a passive recipient of treatment interventions. As part of this active
treatment focus, pain exacerbations should be identified
as a cue to practice self-management interventions that
may help the patient gain control over their situation. As
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patients learn relaxation skills and begin to understand
the cognitive and behavioral aspects of the syndrome,
they will have increasing resources for exerting at least
some degree of control over their CRPS. Increased sense
of perceived control, even if that control is limited in
scope, may be an important factor in determining outcomes in chronic pain treatment [e.g., Andrasik and
Holroyd [348]). Dysfunctional cognitions may be common in CRPS patients [290], including catastrophic interpretations about symptoms or implications of CRPS for
the future, fearful pain-related cognitions like those described above, and unrealistic beliefs about treatment.
Such cognitions contribute to elevated distress, which
may impact sympathetic outflow and catecholamine release, and potentially aggravate CRPS pain and vasomotor changes. Moreover, in the absence of in vivo
reactivation experiments in which constructive (i.e., encouraging rather than catastrophic) self-talk is practiced,
fear of pain may prevent improved daily function even in
the face of objectively improved capabilities during therapy. It is therefore important that cognitive interventions
be employed to help patients learn to identify and modify
their specific dysfunctional cognitions regarding reactivation, CRPS, and its treatment.
Evidence in non-CRPS pain conditions also suggests
that targeting acceptance of CRPS may enhance pain
coping and quality of life in CRPS patients. ACT is considered a next generation CBT intervention, and it focuses on helping patients engage in flexible patterns of
behavior that increase engagement in valued life activities
despite continuing pain and discomfort [349]. Given the
dearth of proven medical interventions for CRPS and its
sometimes intractable nature, interventions such as ACT
that target learning to live more effectively with the condition are likely to prove valuable.
Given the impact of learned disuse as a potential barrier to reactivation, behavioral interventions targeting
this disuse can also be an integral component of the overall treatment program. Reactivation and behavioral goals
must necessarily balance disuse concerns with avoiding
severe pain exacerbations that could potentially contribute to maintenance of CRPS and reinforce learned disuse.
Realistic pain-limited incremental reactivation is key,
with the psychologist and functional therapists coordinating efforts to ensure that appropriate activity goals
are set and that problems encountered in this reactivation
process (e.g., pain-related fear of movement) are effectively addressed. As noted above, there is some experimental evidence supporting the efficacy of graded in vivo
exposure therapy to address pain-related fear in CRPS,
with apparent beneficial effects on pain and other CRPS
symptoms as well [104].
With regards to family intervention, the most crucial
issue to address is the possibility that some family members may be a barrier to reactivation due to solicitous
responses and fear of pain exacerbations. Unless detailed
education regarding CRPS and disuse issues is provided,
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family members may consider any activity that increases
pain as dangerous to the patient and something to be discouraged. It is therefore important to ensure that family
members understand the necessity of reactivation and
that this might be associated with transient increases in
pain. In contrast, family members may, due to a lack of
understanding, incorrectly assume that unusual symptoms such as allodynia are exaggerated, and as a consequence, be less than fully supportive. Adequate positive
family support can have a significant impact on ultimate
efficacy of treatment. Family members should therefore
be guided in how they can best respond to the patient’s
pain in a way that encourages and facilitates appropriate
reactivation, and helps keep the patient focused on constructive management of the condition. The importance
of addressing family issues is highlighted by findings
demonstrating that more than half of caregivers of CRPS
patients experience negative mood and significant strain,
and these factors in turn are associated with greater patient disability [350]. While one might assume that this
family distress and strain is a result of having to handle
greater patient disability, the possibility of bi-directional
causal influences must at least be considered.

Summary of Psychological Considerations
There is no compelling evidence that psychological factors are necessarily involved in the cause of chronic
CRPS. However, there are theoretically plausible pathways through which psychological factors in some cases
could affect the development of CRPS. Psychological factors are usually not the cause of the disease, but are very
often an effect of the disease. There is also no consistent
experimental support for the idea that CRPS patients are
in any way psychologically unique compared to other
chronic pain patients. Once CRPS has developed, however, emotional factors may have a greater impact on
CRPS pain intensity than in non-CRPS pain conditions,
possibly through the impact of negative affective states
on catecholamines. Meta-analytic reviews document the
efficacy of various psychological interventions for many
types of non-CRPS chronic pain, and suggest that such
interventions are likely to be beneficial for CRPS patients
as well. Adequate RCTs of psychological interventions in
CRPS patients are not available to guide this aspect of
CRPS management, although numerous uncontrolled
studies suggest the likely utility of several approaches.
These approaches include various forms of relaxation
training, biofeedback, mindfulness training, and cognitive and behaviorally focused interventions including
graded exposure therapy. Successful implementation of
these interventions requires recognition of the unique
issues in CRPS patients, particularly the pervasive
learned disuse often seen in such patients. Clinical experience using techniques like those described above in an integrated multidisciplinary context indicates that many
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CRPS patients can achieve significant improvements in
functioning and ability to control pain.

Interventional Therapies
Numerous interventional therapies have been described
but usually poorly studied. As the mechanisms and pathophysiology of CRPS are multifactorial, this presents
unique challenges to treatment due to the dynamic and
varied/diverse nature of its clinical symptoms. This section will review the historical evidence for the use of various traditional therapies in the treatment of CRPS,
including sympathetic nerve blocks (SNB), intravenous
regional anesthetic techniques (IVRA), “other” blocks
(including somatic blocks and spinal infusions), neurolytic sympathetic blockade, and implantable therapies
(including neuromodulation and targeted drug delivery).
Recent publications of randomized controlled trials and
their supporting evidence for the interventional treatment
of CRPS have come from the field of neuromodulation,
and in particular, dorsal root ganglion stimulation. This
is an advanced form of spinal cord stimulation used to
treat focal neuropathic pain, and studies published in
2017 [351] and 2019 [352] allowed this therapy to
emerge as important later stage considerations.
Traditional spinal cord stimulation is an FDA-approved
treatment for chronic pain, initially introduced to market
in 1967 [353].
Included in this review will be several topical reviews
and meta-analyses identified in a 2020 PubMed search
that provide an update from the previous edition. The
Cochrane Database for Systematic Review will be used
to highlight quality studies, to explore newer and existing
treatments, and to facilitate some aspects of clinical decision-making.
When patients are not making notable improvements
in function with conservative exercise therapy, more invasive treatment may be considered to mitigate the status
and progression of chronic CRPS. The Malibu algorithm
is discussed above [58]. A traditional treatment strategy
in certain clinics is to initiate regional nerve blocks in
conjunction with structured exercise therapy early in the
treatment. Progression to neuromodulation may be considered if the patient has significant limitations or functional deterioration during treatment, and spinal cord
stimulation and dorsal root ganglion stimulation may
prove to be effective and long-term strategies to in a subset of patients (level 2).

Sympathetic Nerve Blocks
Sympathetic blockade with local anesthetics has long
been a traditional part of the armamentarium of regional
nerve blocks utilized to treat CRPS. Several decades ago,
the prevailing opinion as proposed by Livingston was
that the disorder causing the symptoms and physical
exam findings of CRPS were due to an abnormal
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upregulation of the sympathetic nervous system [354] (although this is questionable [257]). Therefore, sympathetic nerve blocks were historically thought to be a
necessary step in managing pain caused by CRPS and to
facilitate progress in the interdisciplinary algorithm.
Multiple mechanisms have been postulated in the development of CRPS, including the involvement of nociceptor/peripheral and regional sensitization, central
sensitization, the somatosensory, sympathetic, and motor
systems [129]. Autonomic signs of CRPS include skin
temperature and color asymmetry, local inflammation
andedema, that contribute to pain out of proportion to
the initial injury [354, 355]. Sympathetic nerve blocks
have historically been considered an important procedure
both in the diagnosis (i.e., Sympathetically Maintained
Pain; SMP) and treatment of CRPS [356]. In the subgroup of CRPS patients with SMP (responsive to sympathetic blocks), there is some evidence suggesting the
coupling of sympathetic nerves with several types of afferent nerve fiber types in the peripheral and central nervous system [357] completing feed-back and feedforward loops in CRPS (level 4).
Sympathetic nerve blockade (SNB) is performed at the
transverse process at the level of Chassaignac’s tubercle
(the sixth cervical vertebral body) for upper extremity
CRPS, and for lower extremity CRPS it is performed at
the second and third lumbar vertebral body. The pain relief following SNB generally outlasts the effects of the local anesthetic and may be long lasting in some cases
[358] (level 2), [359] (level 4). In addition to these anatomic local anesthetic blocks, other sympatholytic procedures, including intravenous (IV) phentolamine; IV
regional anesthetic blocks (Bier blocks) with either lidocaine, bretylium, clonidine, reserpine, or guanethidine;
and epidural infusion have been described [217, 360–
363].
Sympathetic nerve blocks lack high quality evidence
to support a definitive role in the treatment of CRPS.
Previously, it was felt that at least one SNB was necessary
in order to classify CRPS as SMP or sympathetically independent pain (SIP) [364, 365] with the simple pragmatic
goal of determining if sympathetic blocks should be part
of the treatment regimen. This procedure is now usually
performed with fluoroscopy; after performing these
blocks there are often differences between clinical assessment (pain and function) and the observed clinical success of the SNB (vasomotor changes) secondary to
varying degrees of sympatholysis [366]. Thus, the role of
this block is largely empiric. Although currently out of favor, these blocks may be clinically important in a subset
of SMP cases if these blocks mitigate pain, improve function, and provide a less painful “window of opportunity”
for rehabilitation techniques.
A systematic review (level 1) by Cepeda et al. was published in 2002, which reviewed all available literature regarding local anesthetic sympathetic nerve blockade from
1916 through 1999 [367]. The general conclusion of this
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systematic review was that SNB was not effective. These
older reports tend to be relatively imprecise and performed
on heterogeneous/nonspecific cohorts [367].Although the
techniques did not show a significant effect by this analysis
of general diagnostic groups, it is important to note that a
sub-set of patients may respond (level 4). Less than 20% of
the articles reviewed by Cepeda critically evaluated the success of their blocks [366].
A significant confounding factor is a lack of consensus
on defining “a successful sympathetic block.” There are
several studies available to clarify relevant issues. Price
et al. performed a comparative study of local anesthetic
versus saline stellate ganglion or lumbar sympathetic
blocks in seven CRPS patients in a double-blind crossover fashion [358]. Onset of analgesic effect occurred
within 30 minutes in both groups, with the local anesthetic group (lidocaine/bupivacaine mixture) having a
significantly greater duration of relief (mean of 3 d, 18 h
vs 19 h) [358], thus showing at least short-term analgesic
efficacy of local anesthetic sympathetic blockade for
CRPS (level 2). Bonelli et al. performed a randomized
trial of stellate ganglion block versus “active control” (in
the form of guanethidine IV regional block) [56]. They
found significant improvement in both groups, with no
significant difference between the SGB and IVRA guanethidine groups (level 3), although this finding is difficult to interpret given the absence of a non-block control
condition.
Raja et al. undertook a blinded prospective trial of IV
phentolamine infusion versus local anesthetic sympathetic blockade in 20 patients (10 upper and 10 lower extremity SMP patients). They found a high correlation
between analgesia with SNB and IV phentolamine infusion and concluded that either technique could distinguish between SMP and SIP (level 3) [368].
In a observational study (level 3) of 54 stellate ganglion blocks, Malmqvist et al. [369] defined a strict sympathetic block success criterion of development of: (1)
Horner’s syndrome (2) Increase in skin temperature
>34C (3) Increased skin blood flow >50% by laser
Doppler flowmetry (4) abolished skin resistance response
in ulnar distribution and (5) abolished skin resistance response radial; 4 of 5 defined “success.” Only 15 of 54
blocks included in this study met this strict criterion for a
successful block [369], which perhaps indicates a relatively high rate of partial or incomplete sympathetic
blockade in clinical practice. This upper limb CRPS study
concluded that Horner’s syndrome was not always associated with an increase in skin temperature, initial low
palmar skin temperature blood flow was associated with
greater increase of the five defined parameters aforementioned above, injection towards the transverse process of
C7 promoted a better block than toward C6, and high
concentration of local anesthetic improved the success of
the sympathetic block. Schurmann et al. showed the clinical difficulty regarding correlation of limb temperature
elevation, Horner’s syndrome, and complete sympathetic
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block as measured by a complex experimental design in a
large group of CRPS type I patients [366]. This study
demonstrated that even in the case of significant limb
temperature elevation, the sympatholysis may be incomplete, with the same holding true for the Horner’s syndrome. Additionally, even in patients with “complete
sympatholysis,” the rate of analgesia obtained following
the stellate ganglion block was little higher than 50%,
clearly demonstrating subgroups of SIP and SMP within
this group of 33 CRPS type I patients.
There is some evidence for the efficacy of the classic
SGB and LSB in an apparent subset of subjects (level 3)
as above. Apart from possible efficacy as an intervention,
a secondary reason these blocks remain in most CRPS
treatment algorithms is the clinical differentiation of
SMP from SIP and, thus, to provide a rationale for a
course of sympathetic blockade and perhaps (controversially) neuro-ablation in this subset of CRPS patients
with SMP. The empirical utility of the SGB or LSB when
used in a short series in conjunction with active reanimation physiotherapy is advocated based on consensus recommendations (level 4) [58]. Surprisingly there is very
little good evidence for LSB therapy. Carroll et al performed a study (level 3) involving the combination of
bupivacaine plus botulinum toxin versus bupivacaine
alone in a trial including 9 patients undergoing LSB for
CRPS. These authors found that addition of botulinum
toxin prolonged the duration of analgesia from a mean of
10 days to 71 days [236].

Other Blocks and Infusion Techniques
There are numerous case reports supporting the use of
brachial plexus blockade in the CRPS literature (level 4).
Indications for continuous brachial plexus infusion include peri-operative, post-trauma, post-operative pain relief, vascular compromise, intractable pain from CRPS I
and II, and phantom limb pain (level 4). The brachial
plexus is an ideal location for a continuous regional technique, because of its well-defined peri-vascular compartment and the close approximation of the large number of
nerves supplying the upper extremity. Catheters have
been kept in place in the same position for as long as
three weeks (level 4) [370]. The brachial plexus catheter
may be connected to a constant infusion of local anesthetic, opioid, clonidine, and other adjuvants (level 4).
Sympatholysis can still be maintained for up to 2–3
weeks with 0.1 to 0.2% ropivacaine in a reliably anchored catheter (level 4) [371].
Wang et al. reported placement of an axillary catheter
in a patient with severe CRPS II 30 days post carpal tunnel release (level 4) [372]. These authors started with a
concentration of bupivacaine of 0.1% at 2.5 mL/hour
and noted a dense motor and sensory block with excellent analgesia. Within one day, they decreased the infusion to 0.05% bupivacaine, stopped the basal infusion,
and allowed a 1 mL patient-controlled dose every
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15 minutes. The patient had continued analgesia with
resolution of the motor block, allowing active physical
therapy, and with the catheter left in place for 1 week.
The complications of a continuous brachial plexus infusion are similar to those of a brachial plexus block plus
the infectious risks of a long-term catheter. These complications include bleeding, infection, intravascular injection, intrathecal injection, pneumothorax, and phrenic
nerve paralysis (level 4).
Epidural infusion is an alternative therapy to provide
pain control, by allowing one to vary local anesthetic concentration and infusion dose to be titrated to the desired effect (level 4). Adjuvant medications, such as clonidine with
the addition of opioids, can be added to provide additional
spinal analgesia and to potentiate the degree of relief (level
4). The most commonly used combination of epidural
medications today includes clonidine with bupivacaine.
Opioids can be added to the mix if the pain relief is inadequate, or if the local anesthetic concentration required to
produce pain relief also prohibits ambulation or full participation in the physiotherapy program (level 4). The primary benefit of continuous regional analgesia is that one is
able to effectively titrate to the necessary degree of relief
and promote active physical therapy as tolerated (level 4).
Furthermore, with patient-activated bolus programming,
these continuous regional techniques allow patients to selfadminister small boluses for optimal analgesia as the pain
levels fluctuate (level 4). Either before or after a strenuous
exercise program, patients may experience elevations in
pain, swelling, or allodynia. The ability for patients to
readily self-administer extra doses of medication within
certain pre-programmed parameters will improve patient
satisfaction and optimize pain control (level 4). Rauck
et al. performed a randomized, blinded, placebo-controlled
trial (level 2) utilizing epidural clonidine [217]. They randomized 26 patients with CRPS to receive daily epidural
infusions (for 3 consecutive days) of clonidine 300 or
600 mcg, or placebo. [217] If patients responded to the clonidine with analgesia (and did not respond to placebo),
they were placed on an open label infusion for a mean of
32 days at a mean dose of 32 mcg/hour. All patients had
substantial relief with both the 300 and 700 microgram
doses. Of the 26 patients, 19 elected to receive continuous
infusions of clonidine for an average of 43 days with an average dose 32 6 6 micrograms per hour. Seventeen of nineteen patients had statistically significant improvement in
pain. Side effects were dizziness, dry mouth, mouth sores,
and nausea. Six of 19patients developed catheter related infection, and one developed meningitis [217].
Cooper et al. studied 14 patients in a prospective open
label trial and demonstrated improved pain relief and
range of motion in patients receiving an epidural
bupivacaine-opioid mixture for an average of 4 days
(level 3) [373]. Thirteen of fourteen patients had significant improvement, with 11 of the 14 achieving
“resolution of their CRPS” (by the end of the trial) with
no activity restrictions. Konig et al. studied 26 patients
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by using continuous cervical epidural analgesia of bupivacaine (0.25%) for seven days coupled with physical
therapy (level 3) [374]. Eighty-three percent of patients
had “improvement in pain.” Edema, sweating abnormalities, and dysfunction of the hand responded particularly
well. Sixty-three percent of patients considered their condition to be acceptable whereas only 8% were completely
pain free. Reduction in pain medications usage was also
noted. Finally, Bucheit and Crews described a single case
report where continuous epidural infusion markedly improved range of motion (level 4) [375].
The reported rates of infection in epidural catheters
used to treat CRPS are as high as 31% [217]. Thus, epidural catheters meant for longer-term use should be performed as minor surgical procedures that require standard
surgical sterility techniques. Catheters should be tunneled
under the skin and away from the midline entrance point
to the spine to minimize the colonization by bacteria that is
inherently a greater risk with extended duration infusions.
Standard catheter dressings, such as those required for extended central venous catheters, should be followed and
dressings should be changed weekly (level 4). The hallmarks of an epidural abscess include the triad of back
pain, sensorimotor loss, and loss of bowel and bladder
function. Epidural abscesses may have earlier prodromal
symptoms such as fever, neck pain, or photophobia [376].
Careful attention to early symptoms is paramount for early
diagnosis. A previous study has demonstrated a catheter related infection rate of 19 out of 350 patients. All of these
patients were treated with antibiotics and catheter removal, and none required surgical intervention [376].
Intrathecal analgesia has been studied to a lesser extent when compared to epidural analgesia. Lundborg
reported a series of three patients with refractory CRPS,
who did not have a favorable clinical response to intrathecal bupivacaine. In spite of initial analgesia, all
patients demonstrated a progression of their CRPS (level
4) [377]. In a small subset of patients (n ¼ 7) with refractory CRPS and severe dystonia, van Hilten et al. demonstrated analgesia and functional restoration after a bolus
of intrathecal baclofen injected in a double-blind fashion
followed by intrathecal infusion (level 3 evidence for IT
baclofen in dystonic CRPS) [230].
Some have adopted epidural infusion techniques as next
line therapy for patients failing intermittent blocks with
some evidence for efficacy with epidural clonidine (level
4).The ease of this procedure, along with level 3 evidence
supporting epidural clonidine infusion as outlined above,
makes this a favorable next line therapy. Some centers
have utilized the plexus infusions described above, but the
epidural techniques are more common (level 4). The major
risk associated with these infusion techniques is the rate of
infection, which remains to be defined by further prospective study on infusion techniques in CRPS patients.
Intrathecal baclofen infusion by implanted drug delivery
systems was recommended in patients with a dystonic
component to their CRPS (level 3), but van Hilten et al
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stopped using intrathecal baclofen infusions due to what
they deemed as unacceptable side effects (personal communication). Intrathecal infusion for CRPS without dystonia
has only limited supporting literature [230].

Neurolytic Sympathetic Procedures
Surgical sympathectomy has been utilized to treat SMP
and other hyperactive sympathetic syndromes (including
hyperhidrosis and Raynaud’s phenomenon among
others) since 1889. Historically, this was an important
treatment for “RSD” [378, 379]. These surgical techniques were performed in an open operation, but recently
both upper and lower extremity sympathectomy are being done via endoscopy with a minimally invasive technique, as initially described in the 1950s and recently
“re-discovered” in a small prospective case series (level
3) [356]. More recently, radiofrequency techniques have
been described in a large case series (level 3) [378].
Kim et al. reviewed the available literature for surgical
sympathectomy (level 1) and found an initial failure rate
of up to 35%, usually ascribed to poor patient selection
[379]. Other possibilities for failure to achieve analgesia
include incorrect diagnosis, inadequate resection, reinnervation, and contralateral innervation (level 4). In light
of the difficulty of clinically assessing adequacy of sympathetic blockade based on clinical criterion, it is easy to
understand the difficulty in assessing the local anesthetic
sympathetic block’s predictive value for surgical sympathectomy [366]. The ablative sympathectomy techniques
have been available for many years, but as yet, no high
quality evidence exists to support their use and these
techniques have fallen out of favor due primarily to an
imbalance of efficacy versus significant adverse effects
(level 4). Another significant problem with ablative sympathectomy is the recurrence of former symptoms and
post sympathectomy neuralgia 6 months to two years
post sympathectomy [380]. These post ablative neuralgic
syndromes hypothetically may respond to re-resection or
spinal cord stimulation but this has never been conclusively demonstrated. The reported incidence of post sympathectomy neuralgia is up to 44% in a series of open
sympathectomy for causalgia [380].
Wilkinson reports the largest series of percutaneous
Radio Frequency (RF) lesioning of the thoracic T-2 distribution sympathetic outflow (RF sympathectomy) with
over 350 procedures performed for hyperhidrosis (not
specifically for CRPS). Of these patients , 86% showed
signs of sustained sympathectomy at a three-year followup, although there was no assessment of clinical analgesic
or functional outcomes (level 3 evidence for interruption
of sympathetic activity in a prolonged fashion with RF
lesioning techniques) [381]. Wilkinson reported difficulty
with lumbar percutaneous RF techniques due to variability of the lumbar anatomy versus the thoracic ganglion.
He also reported a low rate of post-procedure neuralgic
syndromes (around 5%); although, this was published in
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a non-peer-reviewed book chapter (level 4) [381]. There
are no published randomized controlled data available
on efficacy of pulsed RF sympathetic ganglion techniques
for CRPS.
Sympathetic ablation techniques have been advocated
for CRPS for many years, mainly by surgeons. In general,
neurodestructive techniques to treat chronic pain syndromes are rarely recommended, because they may aggravate pain and cause deafferentation syndromes or
post sympathectomy neuralgia [381]. The same holds
true for neurolytic blocks utilizing alcohol or phenol,
which have largely been relegated to the terminally ill
[380]. The ability to control the size of the lesion with
radiofrequency ablative techniques is better than neurolysis (level 4). Obviously, both techniques are less invasive
than surgical ablation. The exact role of RF ablation
sympathectomy or periodic blockade is uncertain because
of a lack of evidence.

Neurostimulation
The Melzack and Wall gate theory was first described in
the literature in 1965, and this was the first mentioned
hypothetical rationale for the mechanism of action of spinal cord stimulation and the central transmission of pain
[83]. The dorsal horn of the spinal cord works to regulate
transmission of signals from the periphery to the central
nervous system and centers of the brain [83]. This theory
was developed around the delivery of electrical energy
from spinal cord stimulator electrodes to the spinal cord
causing a preferential stimulation of large afferent fibers
with concomitant blockade of smaller C and A-delta
nerve fibers [83].
A PubMed search for CRPS and SCS from 2000 to
2021 revealed 118 published manuscripts and of those,
eight were randomized controlled trials and three were
meta-analyses. A summary of these publications can be
found in Appendix A2. Results of key studies identified
in this review are detailed in context below.
Failure to progress in an interdisciplinary model/functional restoration algorithm and more intensive noninvasive therapies may warrant consideration of treatment with spinal cord stimulation or dorsal root ganglion
stimulation. Conventional SCS stimulation offers an opportunity to inhibit the nociceptive pathways at the level
of the dorsal column of the spinal cord, while DRG stimulation modulates pain signal pathways at the level of the
dorsal root [382]. Data demonstrates pain reduction, improved quality of life and function, as well as a reduction
in opioid pharmaceuticals when spinal cord stimulation
is employed in the setting of failed conservative therapy
[383]. There are several studies that have shown spinal
cord stimulation to be safe and effective for the treatment
of chronic pain from CRPS [352].
Kemler et al. published the first prospective, randomized trial to compare spinal cord stimulation (SCS) placed
in the dorsal epidural space to conservative therapy
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(physical therapy) for CRPS [384]. (level 2). In this study,
36 patients with “reflex sympathetic dystrophy” (type I
CRPS; of duration 6 months or longer) were assigned to
receive a “physical therapy program” (undefined, and
variable; making the active control problematic) together
with spinal cord stimulation, whereas 18 patients were
assigned to receive PT alone. In 24 of the 36 patients randomized to SCS, the trial was deemed successful and permanent implantation was performed. At a 6-month
follow-up assessment, the patients in the SCS group
retained a reduction in pain, and a significant percentage
graded the global perceived effect as “improved.”
However, there were no clinically significant improvements in functional status. The authors concluded that in
the short-term, SCS reduces pain and improves the quality of life for patients with CRPS involving the upper extremities. The improvements in pain ratings, global
perceived effect, and overall health related quality of life,
although modest, were significant and partially sustained
for two years follow-up as published in a subsequent
manuscript (level 2) [385]. Further analysis of this patient
subgroup has revealed no difference in outcomes for cervical versus lumbar SCS in terms of effectiveness or complication rate [386].
Kriek et al. in 2018 investigated the effects of spinal
cord stimulation on various immunomodulating cytokines,
chemokines, and growth factors, including interleukin (IL)2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-15, IL-17, tumor
necrosis factor (TNF)-alpha, and interferon (IFN)-gamma.
The design of this study was a multicentered, randomized
control trial that examined the effects of SCS of various
waveforms in patients with CRPS (level 2) [387]. Thirteen
patients were included in the analysis of skin blister fluid.
Those who consented to this study required a baseline skin
blister fluid test before proceeding to a two week trial stimulation period with a 40 Hz standard tonic SCS. If the trial
was successful then those patients received an implantable
pulse generator and received 40 Hz frequency stimulation
for the next 3 months. At follow up, these patients received
successive skin blister fluid testing which investigated the
effects of various frequencies and waveforms, including
standard 40 Hz, 500 Hz, 1200 Hz, burst, and placebo stimulation. At the end of the crossover period, patients preferred stimulation settings were chosen and continued for
another 3 months, where the final skin blister fluid test was
performed. This study suggested a systemic attenuation of
T-cell activity, and IP-10 chemokine over time. Reduction
in vascular endothelial growth factor and platelet derived
growth factor were decreased after SCS, most probably due
to increased peripheral tissue oxygenation.
In 2010, Van Eijs et al. published a randomized control trial (level 2) in which 36 CRPS patients were selected based on the diagnosis of CRPS type 1 [388].
Twenty-four of those patients responded to SCS and proceeded to implantation of a permanent device. Using the
Semmes-Weinstein psycho-physical test brush evoked
allodynia was assessed by transiently stroking the skin of
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the subject’s hands and feet at nine sites. If this procedure
was “painful” these patients were noted as having brush
allodynia. After 1 year, 20 out of 24 (83%) of the SCS
implanted patients maintained significant pain reduction.
The results also demonstrated that the presence of brush
evoked allodynia may be a negative predictor for successful SCS treatment.
Dorsal root ganglion (DRG) therapy was brought to
market in the United States in 2016.The “ACCURATE”
study was the first randomized, controlled multicenter
trial of a device that compared DRG stimulation to conventional SCS in the setting of chronic intractable pain of
the lower limbs attributed to CRPS (level 2) [351].
Patients with a six-month history of chronic intractable
pain of the lower limbs associated with CRPS type 1 or 2
diagnosed by the Budapest Criteria were randomized to
either DRG stimulation or conventional SCS in a 1:1 ratio. The temporary trial phase ranged anywhere from
3 days to 30 days. The average trial duration for DRG
stimulation was 5.8 days (SD 2.8 days), and was also
5.8 days for the SCS group (SD 5.1 days). Patients with a
successful trial, which was defined by at least a 50% reduction in VAS for lower limb pain relief and freedom
from any new neurological complaints, were implanted
with a permanent device. These patients were followed
for 12 months, and the results of the primary endpoint
revealed that subjects using DRG stimulation had a
higher rate of treatment “success” (81.2%) when compared to conventional SCS (56.7%). While pain relief
was noted to be greater with the DRG group the authors
also hypothetically concluded that patients with DRG
therapy also may have had “improved quality of life and
psychological disposition.”
In 2020, Mekhail et al. published a subgroup analysis
from the previously published ACCURATE study [351,
389]. A retrospective analysis was conducted with 61
patients, who received a DRG neurostimulator implant.
The outcomes of patients with paresthesia-free stimulation was compared to those who experienced paresthesia,
measured at 1, 3, 6, 9, and 12 month follow ups. The percentage of patients with paresthesia free pain relief increased from 16.4% at 1 month to 38.3% at 12 months
(level 3). Authors concluded that paresthesia based neurostimulation is not required for pain relief and is not
congruent with trial success.
Randomized controlled studies of SCS for CRPS demonstrate “weak recommendations” as stated by Dworkin
et al. [390]. The benefit of “shared decision making”
should be emphasized with the patient by explicitly sharing the risks, benefits, and alternatives to this therapy.
Dworkin et al, suggests reserving SCS therapy for
patients who did not respond adequately to non-invasive
treatments and sympathetic nerve blocks or for patients
where nerve blocks are not appropriate [390]. In 2020,
Huygen et al. published a meta-analysis (level 1), which
identified 217 patients with a permanent DRG implant
at 12 months follow-up [391]. Using a 10 point Numeric
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Rating Scale (NRS) the analysis of pooled data overall
showed a weighted mean pain score of 3.4, with 63% of
patients demonstrating  50% pain relief. This study included efficacy sub-type analyses for CRPS type 1, causalgia (type II) and low back pain resulting in a mean
NRS reduction in pain intensity of 4.9, 4.6, and 3.9, respectively. Thus, there is evidence supporting SCS and
DRG for the treatment of CRPS, but high-quality and
corroboratory evidence is needed.

IV Regional Anesthetic Blocks (IVRA)
Intravenous regional anesthesia involves the infusion of
pharmacological agents to the tourniqueted limb affected
by CRPS [392]. Numerous IVRA medications, alone and
in combination, have been reported to have efficacy in
treating CRPS. IVRA with guanethidine, lidocaine, bretylium, clonidine, droperidol, ketanserin, or reserpine have
been described and reviewed critically by Perez et al.
[51], Forouzanfar et al. [145], and Kingery [227].
Perez et al. undertook a meta-analysis (level 1) of the
highest quality trials (blinded, with re-evaluation of included trials, statistical methodology; and utilizing trials
meeting strict inclusion criteria such as randomization,
blinding, sample size, dropout rate), finding 11 acceptable trials of “sympathetic suppressors,” with 9 being
IVRA studies and 6 concerning guanethidine in particular
[227]. Perez et al. applied a quantitative analysis of effect
size, which compares the difference in pain relief between
experimental and control groups, with a correction factor applied for trial size. This method has become acceptable in meta-analysis to analyze aggregate treatment
effect from numerous studies. Their aggregate analysis
showed a lack of proven effect of IVRA, and, more specifically, a lack of proven effect of guanethidine IVRA
(thus level 1 evidence for lack of proven effect of these
therapies), although subgroups may have responded well.
Several quality studies have also reported a negative
outcome of the IVRA intervention (no better than placebo). Ramamurthy et al. performed a double blind,
crossover, controlled outcome study with 60 CRPS I
patients randomized to receive IVRA blocks every four
days for a total of four blocks with either guanethidine
(one, two, or four guanethidine blocks) or a placebo with
0.5% lidocaine. After the first block, placebo response
was higher than guanethidine, and six months after the
last block (up to four), 35% of patients had significant
pain relief with no difference between placebo and guanethidine arms (level 2 evidence for lack of effect of guanethidine over placebo) [393]. Confounding factors in
this study include the fact that the “placebo” group received an IVRA using local anesthetic (0.5% lidocaine)
and a tourniquet (which may itself confer some type of
analgesic effect following the block); thus in reality, the
“placebo” control may be considered an active treatment
comparison group.
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Jadad et al. used an enriched trial design and prospectively enrolled patients who reported pain relief with
open label guanethidine IVRA, to a double-blind treatment phase with crossover design. No differences between guanethidine and placebo were seen, and this
study was terminated early for side effects (level 2 evidence for lack of effect) [394]. Blanchard et al. compared
the effects of IVRA with guanethidine versus reserpine
versus saline. This was a crossover design, changing to
another agent if inadequate analgesia occurred with a
block (level 3). Only 21 patients were studied, but no differences between treatment types were discernable at
short-term follow-up [363]. The placebo saline infusion
was done with a tourniquet in similar fashion to the active drug block; thus, this does not control for a tourniquet induced effect on the extremity (e.g., tourniquetinduced analgesia, compression-induced alteration of local cytokines), leading to methodological problems with
the “control” group for most IVRA studies as above
[227]. Rocco et al. did a small randomized, double-blind,
active controlled trial of reserpine and guanethidine (at
different times) versus lidocaine alone in IVRA [395]
(level 3). They noted significant relief following the block
with no difference between the reserpine, guanethidine,
or “control” (lidocaine) group.
The notable exception to these negative trials was
Hord et al., who found a positive response with bretylium in a prospective randomized double-blind fashion
versus lidocaine (level 2) [361]. Bonelli et al. as above
compared IVRA guanethidine to SGB in a cohort of 19
“RSD” patients, [66] and demonstrated “comparable
efficacy.” Overall, the evidence supporting efficacy of
IVRA is of low quality. The use of bretylium, phentolamine, clonidine, lidocaine, and ketorolac, alone and in
combination with the IVRA modality all lack high quality evidence to support efficacy. As our understanding of
the peripheral alterations in cytokines in CRPS are clarified, the IVRA technique may eventually define targeted
pharmacotherapy using this technique [396]. Bretylium is
unavailable in the USA.

Other IV Infusions
An infusion of phentolamine, a short acting alphaadrenergic blocking agent, has been postulated as a test
for SMP [360]. Arner reported a critical analysis of the
use of phentolamine infusion followed by IVRA guanethidine to assess the clinical response to the phentolamine
infusion and assess the positive predictive value of the
phentolamine infusion on success of a subsequent IVRA
guanethidine block [360]. Arner reported the results by
patient subgroups, specifically, adults with causalgia and
RSD versus children with causalgia and RSD. In adults,
Arner found that approximately 50% obtained positive
analgesia with IVRA phentolamine infusion and a very
strong correlation to a good response to guanethidine. In
children, 37 of the 47 obtained markedly positive
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Minimally Invasive Therapies
Sympathetic Nerve Blocks
IV Regional Nerve Blocks
Somatic Nerve Blocks

Interventional Therapies
Epidural and Plexus Catheter Infusion/Block(s)
Neurostimulation (SCS, DRG)
Intrathecal Drug Infusion (e.g., Baclofen or Clonidine)

Surgical and Experimental Therapies
Sympathectomy
Motor Cortex Stimulation

Figure 4. Consensus based, empiric Interventional Pain Treatment Algorithm for CRPS (modified from [58]).

analgesia to phentolamine infusion and a strong correlation to an excellent response to IVRA guanethidine (32/
37 excellent response). Arner concluded that phentolamine caused no complications and provided
“diagnostic” information as to the presence of SMP and
prognostic information about subsequent response to
guanethidine (level 3 evidence for IV phentolamine)
[360]. A major weakness of the Arner study was the lack
of a control or placebo group. By contrast, Verdugo et al.
found that neither placebo, phentolamine, nor phenylephrine infusions resulted in any significant changes in
pain, QST testing, regional blood flow, or hyperalgesia,
and that there was no difference between groups in a prospective, single blinded, non-randomized study (level 3
evidence for lack of effect of phentolamine) [397].
A critical evaluation of IV infusion of lidocaine was
undertaken by Wallace et al. in a randomized, doubleblind trial [398]. They studied 16 patients with CRPS I

or II with three different levels of lidocaine infusion (1,
2, and 3 mcg/mL and placebo infusion), during which
the patients underwent spontaneous and evoked pain
assessment and detailed quantitative psychophysical
testing. During the lidocaine (but not placebo) infusion,
the patients showed evidence of a decrease in pain response to cold stimuli, a decreased response to cold or
touch allodynia in previously allodynic areas, and a decrease in spontaneous pain (but only at the highest serum infusion level). Thus, the predominant effect was
decreased pain in response to cool stimuli more so than
with mechanical or spontaneous pain. There was no effect on pain induced by punctate stimuli (level 2 evidence for short-term decrease in pain response to IV
lidocaine infusion).
In summary, as suggested by the work of Arner, IV
phentolamine infusion has been used largely as a diagnostic tool to differentiate SIP from SMP [360]. IV
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phentolamine and IV lidocaine techniques have fallen out
of favor in clinical practice.

Motor Cortex Stimulation
Of all therapies, ranging from minimally invasive to interventional, motor cortex stimulation (MCS) is the most
invasive form of treatment for pain conditions, including
CRPS. The mechanism of action for MCS is the modulation of pathologic hyperactivity in the thalamic relay nuclei [399]. Deafferentation results in the loss of inhibitory
control of the nociceptive neurons, and MCS has been
shown to normalize this disinhibition to a greater degree
than somatosensory cortex stimulation (level 4). Similar
to SCS procedures, a trial is required prior to the implantation of MCS. Risks are surprisingly rare but complications may occur consistent with other chronically
implanted hardware in functional neurosurgery (level 4).
According to the spirit of the Malibu treatment
scheme (Figure 2) [58] simpler, less invasive, less dangerous and less expensive interventional techniques should
be tried before invasive, experimental and much more expensive techniques (Figure 4 and Appendix A2).
Inadequate or partial response to any mentioned therapy may lead to a stepwise progression down through
modalities always in conjunction with other noninterventional treatments.
In this 5th edition of these diagnostic and treatment
guidelines, we find progress evident in diagnosis, clinical
outcome measures, and evidence-based treatments compared to prior versions. Nonetheless, the conclusion in
prior guidelines that “we need more high quality research
regarding CRPS interventions” still stands. There are few
interventions with efficacy that has been convincingly
demonstrated, and until such data are available, reliance
on the standard clinical principles of interdisciplinary
pain and symptom management will be necessary. While
evidence for efficacy of most CRPS interventions remains
weak in CRPS patients as a group, we suggest that going
forward there may be value in exploring intervention efficacy within empirically-identified CRPS subtypes (e.g.,
warm vs cold CRPS) to determine whether a precision
medicine approach to CRPS management could enhance
outcomes. In each clinical situation the specific risk, benefit and expense of any intervention must be carefully
and continuously considered.
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Appendix
Table A1. Studies examining psychological/behavioral interventions for CRPS
Author

Design and Sample

Psychological Intervention

Outcome

Blanchard 1979 [308]

Case Report
n ¼ 1 adult
Case Report
n ¼ 2 adult/adolescent

Thermal biofeedback

Complete resolution of symptoms

Autogenic and breathing relaxation, thermal and muscular
biofeedback
Thermal biofeedback

75–100% reduction in pain

Autogenic relaxation, imagery

Complete resolution of symptoms

Biofeedback

Helpful in some cases, particularly
in CRPS of shorter duration
Complete resolution of symptoms

Alioto 1981 [309]

Barowsky et al. 1987 [310]
Kawano et al. 1989 [311]
Wesdock et al. 1991 [312]
Gainer 1992 [313]
Wilder et al. 1992 [314]
Fialka et al. 1996 [315]

Case Report
n ¼ 1 child
Case Report
n ¼ 1 adolescent
Case Series
n ¼ 36 child/adolescent
Case report
n ¼ 3 adult
Case Series
n ¼ 70 child/adolescent
Randomized Trial
n ¼ 18 adult

Hypnotic imagery, relaxation
training
Multidisciplinary treatment including relaxation training and CBT
PT (n ¼ 9), PTþ autogenics (n ¼ 9)

Sherry et al. 1999 [103]

Case series
n ¼ 103 child/adolescent

Multidisciplinary treatment including psychotherapy for 77% of
sample

Oerlemans et al. 1999, 2000 [64,
316]*

Randomized Trial
n ¼ 135 adult

Lee et al. 2002 [72]

Randomized Trial
n ¼ 28 child/adolescent

PT including relaxation training
and cognitive interventions
(n ¼ 44), OT (n ¼ 44), Social
Work Control (n ¼ 47). All
patients received standard medical care.
PT 1 X week þ CBT (n ¼ 14), PT 3
X week þ CBT (n ¼ 14)

Singh et al. 2004 [317]

Prospective Case Series
n ¼ 12 adult

de Jong et al. 2005 [104]

Series of prospective single-subject
experiments
n ¼ 8 adult

Bartur et al. 2014 [318]

Quasi-experimental n ¼ 20 adult

Paced slow breathing in CRPS
patients (n ¼ 10) and healthy
controls (n ¼ 10)

Barnhoorn et al. 2015 [319]

Randomized trial
n ¼ 56 adult

Pain exposure therapy (n ¼ 28)
Pain-contingent therapy (n ¼ 28)

Den Hollander et al. 2016 [320]

Randomized trial
n ¼ 35 adult

Pain exposure therapy (n ¼ 18)
Pain-contingent therapy (n ¼ 17)

Solca et al. 2018 [321]

Crossover trial

Virtual reality (VR) image of the
affected limb flashing visually either in synchrony or asynchrony
with the heartbeat
CRPS (n ¼ 24)
Healthy controls (n ¼ 24)

n ¼ 48 adult

4-week outpatient interdisciplinary
treatment program including
group psychotherapy
Intensive graded exposure therapy
targeting pain-related fear

Complete resolution of symptoms

Significantly improved pain and
function in 57% of patients
Pain improved in both groups
equally. Skin temperature more
improved in autogenics group.
Complete symptom resolution in
92% of sample at end of treatment, 88% symptom-free at
2 year follow-up
Significantly greater improvements
at 1 year follow-up for PT group
than Controls on pain, temperature, active range of motion, and
overall impairment scores
Pain and function improved significantly pre-post for both groups.
Recurrence rate ¼ 50%.
Function improved significantly
pre-post treatment without corresponding increases in anxiety
Pain-related fear was significantly
reduced, with corresponding
decreases in pain intensity, disability, and other CRPS
symptoms
Paced breathing enhanced vagal
tone as indexed by heart rate
variability indexes in healthy
controls, but not in CRPS
patients.
Pain exposure therapy produced
significantly greater improvements in pain, disability, and active range of motion.
Pain exposure therapy produced
significantly greater improvements in pain and disability
Synchronous VR resulted in significantly reduced pain, and improved motor function and
vagal tone (heart rate variability)
in CRPS patients but not
controls.

Studies are listed in order of date of publication. CBT ¼ Cognitive-Behavioral Therapy, PT ¼ Physical Therapy, OT ¼ Occupational Therapy.
*Both Oerlemans et al. studies were based on the same sample.

CRPS Diagnostic and Treatment Guideline 5th Edition

S53

Table A2. Studies examining SCS intervention for CRPS
Author

Design and Sample

Outcome

Kumar et al. 1997 [406]

Non-randomized level 3
n ¼ 12

Bennett et al. 1999 [404]

Retrospective level 3
n ¼ 101
Retrospective level 3
n ¼ 23
RCT level 2
n ¼ 36
RCT level 2
n ¼ 36
RCT level 2
n ¼ 20
RCT level 2
n ¼ 36
RCT level 2
n ¼ 152

All 12 patients experienced pain relief by McGill Pain
Questionnaire and Visual analog scale, eight patients exhibited
excellent pain relief, four demonstrated good relief
70% satisfaction for 1 lead, 91% satisfaction for 2 leads

Kemler et al. 1999 [405]
Kemler et al. 2000 [384]
Kemler et al. 2004 [385]
Kemler et al. 2008 [401]
van Eijs et al. 2010 [388]
Deer et al. 2017 [351]

Kriek et al. 2017 [402]

RCT level 2
n ¼ 40

Kriek et al. 2018 [387]

Taylor RS 2006 [400]

RCT level 2
n ¼ 17
RCT level 2
n ¼ 61
Retrospective level 3
n ¼ 61
Meta-analysis level 1

Dworkin et al. 2013 [390]

Meta-analysis level 1

Huygen et al. 2020 [391]

Meta-analysis level 1

Deer et al. 2019 [403]
Mekhail et al. 2020 [389]

Of the 23 patients, 13 patients (57%) remained successfully
treated with SCS
Improved pain and quality of life, successful in 56% of patients in
6 months
Successful in 63% of patients, 2-year follow-up of Kemler et al.
2000
Patient satisfaction test at the 5-year mark showed patient satisfaction, but no difference between SCS and active placebo
SCS has an 81% chance of reducing pain for greater than 1 year if
allodynia is absent before stimulation is started
The percentage of subjects receiving >50% pain relief and treatment success was greater in the DRG arm (81.2%) than in the
SCS arm (55.7%) at 3 months
Pain reduction and patient satisfaction was achieved with both
standard and non-standard frequencies of SCS, although more
patients favored non-standard
After SCS both pro- and anti- inflammatory cytokines were reduced from the interstitial fluid blisters from the skin
DRG allows for focal stimulation compared to SCS with less paresthesia in the DRG group, 3.1% vs 9.1%
16.4% of patients with paresthesia free at 1 month increased to
38.3% at 12 months
A total of 25 studies were identified for CRPS, finding 67% of
implanted patients with CRPS type 1 or 2 achieved pain relief
of 50% or more with SCS
Due to lack of high quality RCTs, weak recommendations can be
made for (1) epidural injections for herpes zoster, (2) steroid
injections for radiculopathy, (3) SCS for FBSS, (4) SCS for
CRPS type 1
7 studies were reviewed, DRG demonstrated a reduction in pain
for CRPS type 1, causalgia, and back pain with a mean reduction in pain intensity 4.9, 4.6, and 3.9 respectively

Studies are listed in order of date of publication. CRPS ¼ Complex Regional Pain Syndrome, SCS ¼ Spinal Cord Stimulation, RCT ¼ Randomized Control
Trial, DRG ¼ dorsal root ganglion therapy, VAS ¼ visual analog scale.

