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Abstract

Purpose of Review This review presents the most current information about the epidemiology of complex regional pain
syndrome (CRPS), classification and diagnostic criteria, childhood CRPS, subtypes, pathophysiology, conventional and less
conventional treatments, and preventive strategies.

Recent Findings CRPS is a painful disorder with multifactorial pathophysiology. The data describe sensitization of the
central and peripheral nervous systems, inflammation, possible genetic factors, sympatho-afferent coupling, autoimmunity,
and mental health factors as contributors to the syndrome. In addition to conventional subtypes (type I and type II), cluster
analyses have uncovered other proposed subtypes. Prevalence of CRPS is approximately 1.2%, female gender is consistently
associated with a higher risk of development, and substantial physical, emotional, and financial costs can result from the
syndrome. Children with CRPS seem to benefit from multifaceted physical therapy leading to a high percentage of symptom-
free patients. The best available evidence along with standard clinical practice supports pharmacological agents, physical
and occupational therapy, sympathetic blocks for engaging physical restoration, steroids for acute CRPS, neuromodulation,
ketamine, and intrathecal baclofen as therapeutic approaches. There are many emerging treatments that can be considered
as a part of individualized, patient-centered care. Vitamin C may be preventive.

Summary CRPS can lead to progressively painful sensory and vascular changes, edema, limb weakness, and trophic distur-
bances, all of which substantially erode healthy living. Despite some progress in research, more comprehensive basic science
investigation is needed to clarify the molecular mechanisms of the disease so that targeted treatments can be developed for better
outcomes. Incorporating a variety of standard therapies with different modes of action may offer the most effective analgesia.
Introducing less conventional approaches may also be helpful when traditional treatments fail to provide sufficient improvement.

Keywords Complex regional pain syndrome - CRPS I - CRPS II - Neuropathic pain - Nociplastic pain - Reflex sympathetic
dystrophy - Chronic pain - Acute pain - Neuromodulation - Ketamine - Spinal cord stimulation - DRG stimulation

Introduction dysfunction, and symptoms located in a non-dermatomal
distribution [1, 2]. The pain is out of proportion to the
inciting event (if present), both in intensity and temporality.
The progression and severity of the disease are variable;
while some patients experience mild, self-limited symptoms,

CRPS is a painful neurologic condition that is character-
ized by the presence of autonomic dysfunction, persistent
regional inflammatory changes, immune and autoimmune
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other more severe cases can cause debilitating pain, and
some patients even resort to amputation of the affected limb
after exhausting all other treatment options. Much of the
pathophysiology underlying CRPS has not yet been fully
uncovered. A more thorough understanding of disease mech-
anisms along with insight into emerging and less conven-
tional treatments will provide the basis for targeted therapies
that will help combat this life-altering disorder.

Selection Criteria

The search strategy was run on March 15, 2021, in the elec-
tronic databases MEDLINE (Pubmed), Embase (Embase.
com), and The Cochrane Library (Cochrane Database of
Systematic Reviews, Cochrane Central Register of Con-
trolled Trials (CENTRAL), Cochrane Methodology Regis-
ter). Controlled vocabulary words were identified and com-
bined with keyword synonyms in all databases. Searches
were limited to 2018 to present and English only. However,
foundational CRPS articles predating 2018 were included in
the writing of the review on as-needed basis. Additionally,
3 articles were identified by hand searching, and searching
the citations of key studies.

Epidemiology
Incidence/Prevalence

High-quality studies quantifying the incidence and preva-
lence of CRPS are limited. Sufficient data collection for
rare conditions such as CRPS requires large populations to
be followed for extended periods of time. The task is fur-
ther complicated by changes in diagnostic criteria over time
which impact incidence and prevalence estimates due to
variations in sensitivity and specificity.

In 2003, Sandroni et al. [3] reported the first population-
based study to estimate the incidence and prevalence of
CRPS in Olmsted County, Minnesota (representative of the
US white population) based on medical records available for
all residents. Cases were identified between 1989 and 1999
based on the IASP 1994 criteria. The incidence of CRPS I
was 5.46 per 100,000 person years and the period prevalence
(1999) was 20.57 per 100,000 person years. The incidence of
CRPS II was 0.82 per 100,000 person years and the preva-
lence was 4.2 per 100,000 person years. Reclassification of
CRPS I cases according to Harden’s 1999 proposed revision
of the diagnostic criteria resulted in only 43% of CRPS I
cases fulfilling the criteria. In this population, 74% of CRPS
cases are resolved [3].

Estimates from another large population-based retrospec-
tive cohort study in the Netherlands conducted from 1996 to
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2005 suggest a higher incidence of CRPS (26.2 per 100,000
person years, 95% confidence interval: 23.0-29.7) compared
to that reported by Sandroni et al. [3]. CRPS cases not limited
to IASP diagnostic criteria were identified through electronic
medical records that are available for the Dutch population
and further verified by general practitioners’ and specialists’
records. When cases were restricted to only those that met
the TASP diagnostic criteria, the incidence rate was 16.8 per
100,000 person years (95% confidence interval: 14.7-19.2) [4].

Studies based on claims data lack the detailed information
found in medical records and do not specify the criteria used
for diagnosis of CRPS; however, they are able to capture
disease burden in a large segment of a population and may
be more representative than study samples derived from ter-
tiary referral centers.

The prevalence of CRPS was estimated to be 1.2% over
a 13-year time period (2000-2012) in a retrospective cohort
based on the Truven Reuters MarketScan Database. CRPS
was identified by ICD9 codes and patient-level data were
derived from inpatient, outpatient, prescription, and labo-
ratory records from commercial insurers, Medicare Sup-
plemental, and Medicaid populations in the USA. Murphy
et al. [5] noted an increasing trend in prevalence across the
12 years with the most significant increase between 2009
and 2010 (approximately threefold) for CRPS.

In contrast, Bang et al. [6] reported declining estimates
of CRPS (types I and II) prevalence in the Korean popula-
tion from 2009 to 2013 (32.8 per 100,000 in 2009 to 26.2
per 100,000 in 2013). This retrospective cohort was con-
structed utilizing diagnostic codes from the National Health
Insurance Service (NHIS), which covers the entire Korean
population and included just under 50 million people [6].

Lee et al. [7] published updated incidence rates
(2009-2016) in the Korean population using the same
NHIS data as Bang et al. [6]. This retrospective cohort study
considered changes in the incidence of CRPS that may be
influenced by demographic trends, in particular, the aging
population. Incidence rates for CRPS I rose steadily from
2010 to 2014 and by 2016 returned to levels observed in
2009. Conversely, CRPS II rates declined steadily from
2009 to 2016. A higher incidence of CRPS was noted with
increasing age. The overall incidence of CRPS was 15.83 per
100,000 people; a higher incidence was reported for CRPS
1(19.5 per 100,000 people) compared to CRPS II (12.1 per
100,000 people) [7].

Risk Factors (Demographics and Comorbidities)

Relatively few high-quality studies have evaluated the demo-
graphic and comorbid risk factors associated with CRPS.
Female gender is consistently associated with up to a four-
fold increased risk of developing CRPS [3-13], particularly
during menopause [9]. A systematic review of potential
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risk factors for CRPS concluded that age is not consistently
associated with CRPS; however, most studies reviewed did
suggest a higher risk for post-menopausal women [8]. Con-
versely, Lee et al. [7] reported higher incidence rates for
CRPS I with increasing age and demonstrated the highest
rates for those 60 years and older in the Korean population.
Less frequently reported factors associated with increased
risk include being Caucasian [3, 12] and having a higher
income [12]. Comorbid conditions including headache/
migraine [10, 12, 13], depression [12], asthma [13], and
drug abuse [12] may increase the risk of CRPS. A popu-
lation-based nested case—control study conducted in Tai-
wan identified 589 cases of incident CRPS between 2004
and 2009 and 5890 matched controls; the results suggested
an association between CRPS and preexisting osteoporo-
sis, myofascial pain, anxiety, and neuropathy [13]. Further
research is warranted to clarify the relationship between
potentially modifiable risk factors and CRPS.

Morbidity and Mortality/Burden

A diagnosis of CRPS potentially results in significant physi-
cal, emotional, and financial burden. Among a group of 65
patients in the Netherlands diagnosed with CRPS of the upper
extremity with a mean interval of 5.5 years (SD 0.8; range
3-9) since diagnosis of CRPS, 62% reported limitations in
activities of daily living (ADL) and instrumental activities
of daily living (IADL) with pain as the most important con-
tributing factor [14]. Galer et al. [15] described the impact of
CRPS on quality of life (QOL) for a small group of patients
(n=31), whose duration of symptoms ranged from 1 to
9 years. Sleep disturbance was reported by 80%. Significant
interference with general activity, mood, normal work, and
recreational activities was reported by 75%, and at least half
of the participants had substantial interference with mobil-
ity, sleep, enjoyment, and social activities [15]. In 2014, Van
Velzen et al. [16] administered the Dutch version of the MOS
36-Item Short-Form Health Survey to 975 Dutch patients
with CRPS. It was determined that decreased physical func-
tion rather than changes in mental health was the prominent
contributor to impaired QOL experienced by CRPS patients
[16]. A large web-based survey, with 888 participants, con-
ducted by Sharma et al. [17] reported that more than 90% of
participants reported constant or nearly constant pain which
interfered with sleep, mobility, and ADLs in more than 85% of
people and self-care in more than 50%. Over 70% of patients
experienced anxiety or depression; 49% had suicidal ideations
and 15% acted upon their suicidal impulses. The majority of
participants (61.8%) reported disability as their employment
status while only 15% were fully employed [17].

Costs for healthcare services and pain medicine prescrip-
tions have been estimated based on 35,316 incident cases of
CRPS registered in a commercial insurance claims database.

The highest median total (sum of outpatient and inpatient)
costs ($8508; IQR $3943-$16,666), outpatient costs ($7251;
IQR $3527-$13,568), and pain prescription costs ($2077;
IQR $140-$8856) occurred in the year of CRPS diagnosis
relative to a baseline of 2-3 years prior to CRPS diagnosis.
The year prior to diagnosis saw a similar increase in costs
and the 8 years following diagnosis carried higher costs
compared to baseline. Elsamadicy et al. [18] estimated that
a CRPS diagnosis increases annual total healthcare cost by
2.17-fold and pain prescription cost 2.56-fold compared to
baseline expenditures. In Switzerland, an estimated 0.15%
of auto accident victims receive a diagnosis of CRPS.
Scholtz-Odermatt et al. [19] reported that over 5 years, a
CRPS case costs an average of $86,900 USD in insurance
costs (includes hospital care, medical procedures, medical
specialist fees, ambulatory hospital care, general practice
care, and paramedical care), a figure 19 times higher than
non-CRPS cases. Over the same timeframe, an average of
$23,300 USD was spent on treatment costs (13 times higher
than non-CRPS cases). Additionally, the number of work
days lost within the 2 years after an accident was 20 times
higher for CRPS compared to non-CRPS cases and 68% of
CRPS cases were absent from work more than 90 days [19].

The literature contains conflicting data regarding the pro-
portion of CRPS patients who experience resolution of the
condition within 3 months (74% reported by Sandroni et al.
[3] and 21% according to Sharma et al. [17]) versus those
who develop a chronic condition that persists [20]. Given the
paucity of data on the incidence and prevalence of CRPS, it
is difficult to estimate the total cost of treating patients with
CRPS since those with long-term sequelae from CRPS will
utilize more healthcare resources and suffer greater financial
losses due to missed work or unemployment.

Definition and Diagnosis
CRPSlandll

CRPS may be separated into two primary subtypes: CRPS I
and CRPS II. While both types can occur after an injury, CRPS
I, previously known as reflex sympathetic dystrophy, reflects
the absence of prior nerve injury. CRPS I accounts for the
majority of CRPS cases. CRPS II, previously known as causal-
gia, is characterized by the presence of a prior nerve injury. A
third, but less commonly diagnosed CRPS subtype, CRPS Not
Otherwise Specified (CRPS-NOS) refers to patients that dis-
play some features of CRPS without fully satisfying diagnostic
criteria and without another disease process that fully explains
their symptoms. Patients may display a limb with allodynia
and hyperalgesia, skin temperature or color changes, abnormal
sweating, edema, range of motion or strength limitations, and
alterations in hair, skin, or nail growth.
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There is no single diagnostic test that establishes the
diagnosis of CRPS. Rather, CRPS represents a constella-
tion of symptoms characterized by sensory, motor, vascular,
and autonomic dysfunction. In the acute or “warm” phase,
patients report intense, burning pain, typically out of propor-
tion to that expected for their injury (if associated with an
inciting injury). The pain then gradually spreads beyond the
site of injury in a non-dermatomal pattern. Early observable
changes in the affected area can include increased hair or
nail growth, increased skin temperature, and erythema. As
the disease progresses to the chronic or ‘““cold” phase, hair
and nail growth slows down, skin temperature decreases,
and the limb becomes atrophied and mottled, often with a
marked decrease in range-of-motion [21-24].

In 1994, the International Association for the Study of
Pain (IASP) published the initial diagnostic criteria for
CRPS [25]. While these criteria were easy to apply in clini-
cal practice and offered high sensitivity, they were found
to have low specificity [9]. This likely resulted in overdi-
agnosis. Subsequently, an international consensus meeting
was held in Budapest in 2003 to propose revised diagnostic
criteria, now commonly known as the Budapest criteria.
Validation of the newer criteria demonstrated a specificity
of 0.79, an improvement over the original IASP’s criteria
specificity of 0.41, and a reduction in the risk of false posi-
tive diagnoses [9, 24]. To date, the Budapest criteria remain
the internationally agreed-upon standard for the diagnosis of
CRPS, and the IASP officially incorporated them in 2012.

While the Budapest criteria are used for diagnosis of the
disorder, metrics for tracking disease progression have histor-
ically been limited. To help address this problem, a continu-
ous measure of CRPS severity, the CRPS Syndrome Severity
Score (CSS), was developed to help track the progression of
the syndrome [26]. An updated version of the CSS, published
in 2017, is composed of 8 signs and 8 symptoms. While it has
not yet been widely adopted in clinical settings, it has been
validated as a tool to track syndrome severity [27].

Lastly, CRPS spread from the initial site(s) of pathol-
ogy is a well-documented phenomenon. Some reports sug-
gest that CRPS spread occurs in more than 50% of patients
[28]. This may occur spontaneously, or as the result of a
new trauma [29]. Additionally, CRPS spread may occur in
the setting of ongoing treatment. While data detailing typi-
cal patterns of spread is limited, documented cases include
spread from a single site to all four limbs and the face [29].
One case series details CRPS spreading to full-blown fibro-
myalgia [30]. The mechanisms behind the spread of CRPS
are unclear. However, involved factors are thought to include
genetic predisposition, aberrant regulation of neurogenic
inflammation, activation of microglia along contiguous spi-
nal segments, and maladaptive neuronal plasticity [30-32].
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Inciting Events

Fractures are often an inciting event for the development of
CRPS. Upper extremity fractures and distal fractures in par-
ticular are significant risk factors [33]. In one prospective
study, 7% of patients with a single fracture of the wrist, scaph-
oid, ankle, or metatarsal developed CRPS I [34]. More severe
fractures (requiring surgical repair), high energy mechanisms
of injury, and prolonged time under anesthesia during surgi-
cal repair also increase the risk of developing CRPS [33, 35].

Independent of the presence of a fracture, the surgery
itself also represents a risk factor [36, 37]. Estimates of the
level of risk posed by surgery vary. In reviewing the litera-
ture, older studies that utilize the original CRPS diagnostic
criteria find higher rates of CRPS in post-surgical patients,
while more recent studies utilizing the Budapest criteria
report lower rates. For example, a 2003 prospective study
following 77 post-operative total knee arthroscopy patients
and utilizing the original IASP diagnostic criteria found a
prevalence rate as high as 21% [38]. However, a more recent
prospective study following 100 post-operative total knee
arthroscopy patients and utilizing the Budapest criteria for
diagnosis of CRPS did not identify any new cases of CRPS
[39]. Concordantly, a recent population-based study of South
Korean patients undergoing surgery following distal radius
fracture found the incidence to be fairly low at 0.64% [40].

Fracture and surgery lead as risk factors for CRPS; however,
the complete list of risk factors, inciting events, and pre-existing
conditions that have been linked to the development of CRPS is
lengthy. These include (some rarer than others) transradial car-
diac catheterization, angiotensin-converting-enzyme inhibitors,
neurovegetative dystonia, hyperparathyroidism, post-traumatic
stress disorder, metabolic syndrome, alcohol abuse, smoking,
traumatic brain injury, rheumatoid arthritis, animal/insect bites,
and basal cell carcinoma [34, 41-47]. Furthermore, female gen-
der and high baseline levels of pain and disability have been
associated with increased CRPS severity [48].

Budapest Criteria, Course, and Biomarkers

Clinicians diagnose CRPS by applying the Budapest criteria
which require the presence of 3 of 4 symptoms, and 2 of 4
signs in the following categories: sensory, vasomotor, sudomo-
tor/edema, motor/trophic [49] (Table 1). Importantly, the cri-
teria emphasize that CRPS should not be diagnosed if another
disease better explains the signs and symptoms. The avail-
able evidence suggests that CRPS develops within a period
of 3—4 months after the onset of injury which helps differenti-
ate CRPS from the clinical manifestations of normal healing
[22]. To date, attempts at developing diagnostic tests for CRPS
have been largely unsuccessful. For example, the quantitative
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Table 1 New IASP diagnostic criteria for complex regional pain syndrome (Budapest criteria) (A-D must apply) https://doi.org/10.1097/j.pain.

0000000000002245

A. The patient has continuing pain which is disproportionate to any inciting event
B. The patient reports at least one symptom in 3 or more of the categories
C. The patient reports at least one sign in 2 or more of the categories

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

oooao

Sign (visible or tactile problem

Category Examples Symptom (patient reported) on examination)
Allodynia (to light touch/brush stroke
and/or temperature sensation and/or

1. Sensory deep somatic pressure and/or joint O O

movement), and/or
Hyperalgesia (to pinprick)

Reported hyperesthesia also
qualifies as a symptom

Temperature asymmetry, and/or
Skin color changes, and/or
Skin color asymmetry

2. Vasomotor

O O

Oedema, and/or
3. Sudomotor/Oedema Sweating changes and/or

Sweating asymmetry

O O

Decreased range of motion, and/or
Motor dysfunction (weakness, tremor,
dystonia), and/or
Trophic changes (hair/nail/skin)

4. Motor/Trophic

O O

Goebel A, Birklein F, Brunner F, et al. The Valencia consensus-based adaptation of the IASP complex regional pain syndrome diagnostic crite-

ria. Pain. 2021; 162(9):2346-2348

sensory axon reflex test was proposed as a potential diagnostic
test for CRPS. However, a recent study of 196 patients with a
diagnosis of CRPS found that the test produced low sensitiv-
ity and specificity, and was unlikely to be clinically useful as
a screening or confirmatory test [50]. In chronic CRPS, plain
radiographs may show bone demineralization, although these
changes are nonspecific [51]. X-ray findings can be nonspe-
cific, but it is prudent to obtain them to rule out limb fracture
as the source of a patient’s pain. Magnetic resonance imag-
ing (MRI) of the affected area may demonstrate spotted bone
marrow edema, cutaneous edema, joint effusion, or contrast
uptake in the skin and synovium [51]. Collectively, these MRI
findings have a high specificity (91%), but the sensitivity and
predictive value are low [52]. Furthermore, these MRI abnor-
malities are inconsistent. For example, one study comparing
MRI scans of an affected foot in CRPS patients to MRI scans
in control patients was unable to identify any morphological
differences [53]. Traditionally, three-phase bone scintigraphy
(particularly phase 3, known as a triple-phase bone scan) has
purportedly been the most sensitive test for detecting CRPS.
However, current diagnostic criteria do not include bony
abnormalities among signs or symptoms; therefore, there is
an uncertain value of using three-phase bone scintigraphy to
support a CRPS diagnosis. It may have additional value in pre-
dicting response to treatment and following the disease course,
although more studies are needed to validate its utility in this
capacity [54]. It is critical to note that more recent studies of
three-phase bone scintigraphy have reported poor sensitivity

in patients diagnosed with CRPS using the Budapest criteria
(sensitivity is higher in older studies that utilized the original
diagnostic criteria) [52, 55].

Validated biomarkers for CRPS do not yet exist. Given its
dynamic and complex pathophysiology, it has been suggested
that a single biomarker may never be discovered. However,
efforts to identify a CRPS biomarker persist. Osteoprotegerin
(OPG), also known as osteoclastogenesis inhibitory factor, is
a cytokine receptor involved in the regulation of bone turno-
ver [35]. It has been proposed as a possible biomarker for
CRPS. OPG is found to be significantly elevated in CRPS
patients when compared to control patients. In a small study
evaluating osteoprotegerin as a diagnostic test, it was found
to have a sensitivity of 0.74 and specificity of 0.80 [56].

Other work on identifying CRPS biomarkers has examined
measurements of neurometabolites that are involved in inflam-
mation [57]. A recent serum analysis of 15 CRPS patients
found reduced levels of interleukin-37 (IL-37 has significant
immunosuppressive and anti-inflammatory effects) and tryp-
tophan (decreased levels are associated with low mood and
depression) when compared to control patients. In the same
study, a machine learning analysis found that evaluating a
combination of GM-CSF levels (a cytokine that sensitizes
peripheral nociceptors), IL-37 levels, Treg cell number (regu-
latory T lymphocyte), and CD8 + central memory T cells could
help distinguish CRPS patients from controls [58]. Overall,
the authors hypothesized that reduced IL-37 and Tryptophan
and increased Tregs, CD8+ T cells, and GM-CSF may reflect
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significant elements of the inflammatory response seen in
CRPS. Many findings of immune system involvement have
been documented in CRPS which support a greater immunon-
eurological component to the disorder [58].

Analyzing microRNA signatures is a newer area of
research in the hunt for biomarkers for many different dis-
eases, including CRPS. There is evidence that analyzing
miRNA signatures may also help predict patient response to
treatment with ketamine [59]. More specifically, the immuno-
barrier-protective hsa-miR-223-5p was found to be increased
in plasma exosomes in patients experiencing normal heal-
ing following recent fracture, but was not elevated in CRPS
patients or normal controls. Accordingly, measuring hsa-miR-
223-5p levels may help distinguish normal fracture healing
from patients developing CRPS [60]. Another study found
that miR939 is downregulated 4.3 fold in patients with CRPS.
In a follow-up analysis, miR939 was found to target mRNAs
encoding multiple pro-inflammatory mediators, such as IL-6,
vascular endothelial growth factor, nitric oxide synthase 2,
and nuclear factorxB2. This suggests that downregulation of
miR939 may lead to an increase of these factors which are
involved in the perpetuation of inflammation and pain [35].

Other efforts to identify biomarkers have focused on analyz-
ing skin biopsies of the affected area since patients with CRPS
have been found to have decreased intraepidermal nerve fiber
density when compared to age-matched controls [61]. A 2014
study analyzed skin biopsies from 55 patients with CRPS: a
sample from the affected limb and a sample from a mirror site on
the contralateral limb. In early CRPS, keratinocytes were found
to be activated in the affected limb. There was also increased
mast cell accumulation when compared to the unaffected
limb. In chronic CRPS (defined as> 6 months in this study),
the increased mast cell accumulation seen in acute CRPS was
attenuated and keratinocyte proliferation reduced [62]. While
the presence of these cells may not necessarily be used as a
biomarker for illness, they do suggest differences that may even-
tually be used to differentiate acute CRPS from chronic CRPS.

One new and rarely used physical exam finding may
help support a CRPS diagnosis: the tourniquet ischemia
test. The test involves applying a blood pressure cuff to the
affected extremity, inflating and deflating the cuff, posi-
tioning the affected extremity in a horizontal manner, and
documenting changes in pain intensity and character. While
the test is rarely performed in practice, a recent study of 78
patients with CRPS found that although the test had poor
sensitivity (49%), it had a specificity of 88% and a positive
predictive value of 85%, meaning that it could serve as a
confirmatory test in patients with suspected CRPS [63].

Lastly, thermography is a tool that assesses skin temperature
distribution. In a recent case series, thermographic analysis of
CRPS patients revealed improvement in temperature distribution
after therapeutic intervention. This suggests that thermography
may be a useful tool in monitoring response to treatment [64].
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Childhood

Abu-Arafeh and Abu-Arafeh [65] estimate an incidence
of 1.2/100,000 cases of CRPS in school-aged children,
per their experiences in a Scottish Pediatric Surveillance
Unit. While discrete prevalence estimates of CRPS in the
pediatric population are lacking, this phenomenon war-
rants careful consideration given its capacity to adversely
affect psychological well-being and physical function,
and even lead to disability in affected children [65-67].
Interestingly, CRPS often presents differently in children
relative to the adult population. These differences in syn-
drome manifestation can impede appropriate diagnosis and
goal-directed interventions, many of which also vary in
utility and efficacy in children. Consequently, the timely
recognition of CRPS in children is vital to optimize patient
outcomes and prevent long-standing impairments.

The largest cohort study to date was published in 2015
where Bayle-Iniguez et al. [68] characterized the clinical
presentation of 73 French children with CRPS. Briefly,
they report a predominance of girls (87.7%), with an aver-
age age of 11.5 years at diagnosis, and primarily lower
extremity involvement (89%) with a vast predilection for
the foot and ankle. Interestingly, only 49% reported an
antecedent physical injury, with a majority of these inju-
ries being minor in nature without significant trauma, i.e.,
ankle sprains. Furthermore, Brooke and Janselewitz [69]
in a cohort of 32 American children found that anteced-
ent psychological stress was more prevalent, with an inci-
dence of 57%. Bayle-Iniguez et al. [68] also note a history
of atopy (52%) as more prevalent in the pediatric CRPS
population. The prevailing clinical features reported at
the time of CRPS diagnosis include sensory and vasomo-
tor changes and include allodynia (95%), coolness (81%),
and cyanosis (74%). In their pooled analysis of 9 separate
clinical studies, Abu-Arafeh and Abu-Arafeh [70] describe
significant variability in the reporting of motor and trophic
changes and suggest that these symptoms are likely under-
diagnosed and underreported in the literature [68, 70-77].
They estimate that approximately 33% of children with
CRPS have motor dysfunction with dystonia being the
most prevalent feature.

Unfortunately, objective measures for CRPS diagnosis
including bone scintigraphy have not been well validated
in the pediatric setting [65-67, 78]. Serological markers
for bone-turnover (including bone-specific alkaline phos-
phatase) are unreliable given that they vary extensively
with physiologic growth, especially given that most chil-
dren with CRPS are affected by pubertal onset. Largely,
the diagnosis remains clinical and exclusionary with the
Budapest criteria serving as the only collective consensus
diagnostic criteria [49]. However, the Budapest criteria
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were primarily designed for the diagnosis of CRPS in the
adult population. Given that most pediatric presentations
are thought to be earlier in the disease course, the sensitiv-
ity of the Budapest criteria for pediatric populations has
been questioned [65-69, 75, 78]. Given these diagnostic
limitations, several studies note an approximate 3—4 month
time frame from presentation to diagnosis with a suspected
subsequent delay in optimal goal-directed interventions
[65, 68, 70, 71]. This delay in diagnosis and timely inter-
vention was reported as being a significant deterrent in
achieving optimal outcomes.

As most children with CRPS are pre-adolescent and
may lack the psychological coping mechanisms necessary
for interventional strategies, a multidisciplinary pain treat-
ment strategy with an emphasis on conservative measures
must be extensively incorporated for favorable outcomes
[65-68, 78, 79]. Tileston et al. [78] outlined a care map
emphasizing the roles and needs for specialty services by
various physicians and providers of clinical care (pain
medicine and orthopedics), therapy (physical and occu-
pation therapy), and mental health support (psychology
and social work). Brooke and Janselewitz [69] report the
successful use of inpatient rehabilitation and the physiatry
team in coordinating and executing this multidisciplinary
approach. Despite the specific approach, it is recognized
that the use of multimodal strategies from these various
interventions is necessary to treat pain, optimize physical
function and conditioning, and provide necessary coping
mechanisms along with self-efficacy. While precise treat-
ment strategies are outlined in this article, it should be
noted that many psychotropic agents and opioid medica-
tions produce sedative side effects that may be particu-
larly pronounced and limiting in pediatric patients [65,
67,79, 80]. Therefore, careful dose escalation and moni-
toring are necessary to ensure compliance and benefit.
Physical therapy has been universally recognized as one
of the most vital treatment strategies given its significant
safety profile along with its capacity for pain modulation.
Sherry et al. [71] report their success in a cohort of 103
children by using a multifaceted physical therapy program
for an average of 14 days composed of aerobic rehabilita-
tion, home exercises, hydrotherapy, and desensitization.
Approximately 92% of children were symptom-free with
the program and 88% remained symptom-free at 2 years.
The data regarding the benefit of sympathetic blocks and
epidural infusions with bupivacaine, fentanyl, ketamine,
and clonidine are limited and vary extensively in reported
efficacy [10, 80]. Moreover, the application of neuro-
modulation for treating CRPS in the pediatric setting has
received little attention and lacks the clear supportive evi-
dence necessary for these strategies to be recommended
universally [79, 81, 82].

Pathophysiology

Current evidence supports a multifactorial etiology with
input from the central nervous system, sympathetic nerv-
ous system, peripheral nervous system, and immune sys-
tem, as well as an influence from underlying genetic fac-
tors. Furthermore, nociplastic pain, the latest addition to
the IASP pain taxonomy, may include CRPS given evi-
dence of changes in cerebral connectivity with altered
nociception and no demonstrated damage to the tissue or
somatosensory system [83]. Mental health factors prob-
ably exert an influence on the severity of CRPS symptoms.

Central and Peripheral Nervous System

The development of CRPS is most often spurred by a
traumatic insult to the peripheral nervous system. The
injury causes the release of inflammatory factors, such as
prostaglandin E2 and tumor necrosis factor-alpha. These
inflammatory factors drive the development of nociceptive
sensitization, which contributes to the hyperalgesia expe-
rienced by these patients [84]. As the disease progresses,
there are chronic morphologic changes that occur in the
peripheral nervous system (PNS). For example, transmis-
sion electron microscopic analysis of peripheral neurons
in a CRPS patient has demonstrated degeneration of large
somatomotor Aa fibers with sparing of Ad fibers. This
imbalance in signaling may contribute to increased noci-
ception [85].

PNS sensitization plays an important role in the patho-
physiology of CRPS. The release of glutamate and sub-
stance P induces sensitization by lowering the threshold
for response to mechanical stimuli. This increased sen-
sitivity leads to a step-up in peripheral nerve activation,
which in turn increases synaptic nociceptive signaling in
the dorsal horn [84, 86].

Similar to the PNS, central nervous system (CNS)
changes occur during the progression of CRPS. Prior
work has demonstrated somatotopic reorganization in
CRPS patients, with affected limbs exhibiting reduced
representation in the somatosensory cortex [87]. In fact, in
some CRPS patients, pain may be precipitated by simply
thinking about moving the affected area [88]. Not only is
there evidence suggesting sensory somatotopic reorgani-
zation, but imaging studies have found that patients with
CRPS may have decreased gray matter volume in the dor-
sal insula, left orbitofrontal cortex, and cingulate cortex,
and increased gray matter volume in the bilateral dorsal
putamen and right hypothalamus. In the same study, pain
duration appeared to be associated with decreased gray
matter in the left dorsolateral prefrontal cortex, while pain
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intensity was positively correlated with volume in the left
posterior hippocampus and left amygdala and negatively
correlated with the bilateral dorsolateral prefrontal cortex
[89]. Additionally, CRPS has been found to impair the
ability to observe the motor actions of others by affecting
brain areas involved in pain processing and motor con-
trol, and leading to the perception by the CRPS patient
of the action of the other as unpleasant or painful [90].
Collectively, these findings may help explain the pain and
sensory changes that occur in CRPS. Other work has dem-
onstrated that dystonia and decreased range of motion that
can develop in advanced CRPS sometimes respond favora-
bly to intrathecal baclofen, which points to CNS involve-
ment in the development of these pathologic changes [91].
In particular, dysfunction in the primary motor cortex,
supplemental motor cortices, posterior parietal cortices,
and basal ganglia may account for some of these symp-
toms in CRPS patients [35, 92, 93].

Inflammation

Inflammation is an expected response to an insult and rep-
resents a normal step in the healing response. In the acute
phase of CRPS, there is an increase in the aggregation of
mast cells [46]. This increase is associated with the release
of inflammatory neuropeptides such as substance P and
calcitonin gene-related peptide (CGRP), which in turn
stoke the production of pro-inflammatory cytokines such
as TNF-a, IL-1, and IL-6. An activation loop is initiated
in which these pro-inflammatory mediators help recruit
other mast cells, which leads to the further release of pro-
inflammatory mediators such as histamine, serotonin, and
TNF-a. These pro-inflammatory mediators promote further
inflammation and also potentiate peripheral sensitization by
acting upon local Ad fibers [46-48]. Elucidating the role
of mast cells in chronic CRPS will require further inves-
tigation since tissue biopsy has demonstrated a reduction
in the quantity of mast cells around the atrophied dermal
nerve fibers in CRPS-affected limbs [50]. However, it is
evident that mast cell-neural tissue interactions help drive
pro-inflammatory changes in CRPS. Clinically, the effects
of these pro-inflammatory changes manifest as the flush-
ing, erythema, and edema seen in CRPS patients. CGRP in
particular causes arteriolar vasodilation, while substance P
and neurokinin A increase vascular permeability [94, 95].
In chronic CRPS, other pro-inflammatory mediators such as
interferon-y, IL-2, monocyte chemoattractant protein-1, and
bradykinin have been found to be elevated [96].

Genetics

There is a growing although somewhat conflicting body
of evidence to suggest that there is a genetic component
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to the development of CRPS. A study of 31 Dutch families
with multiple affected family members found that famil-
ial linkage is associated with earlier onset of CRPS and a
higher incidence of multiple limb involvement (no inherit-
ance pattern could be delineated) [97]. More specifically,
although no causative genetic mutations have been found,
an upregulation of multiple genes with various roles in sig-
nal transduction, cell motility, and immunity has been dis-
covered in CRPS patients. These include human leukocyte
antigen (HLA) A29.1, matrix metalloproteinase 9, alanine
aminopeptidase N, 1-histidine decarboxylase, granulocyte
colony-stimulating factor 3 receptor, and signal transducer
and activator of transcription 3 [1, 98]. Despite this evi-
dence, it is worth mentioning that a separate study analyzed
more than 200,000 single nucleotide polymorphisms and
found no difference between CRPS patients and the control
population [98].

Sympathetic Nervous System
and Sympatho-afferent Coupling

CRPS can cause superficial vasomotor symptoms such as
diaphoresis, warmth, or cooler skin [99, 100]. The etiology
of these symptoms is multifactorial. Degenerative changes
in nerve fibers likely contribute to these symptoms, as well
as some of the autonomic instability (e.g., decreased heart
rate variability) seen in CRPS patients [101-104]. However,
these symptoms are also due, in part to a coupling between
the peripheral and sympathetic nervous systems. There is
evidence that peripheral nociceptive fibers may exhibit
increased catecholamine sensitivity in CRPS [86, 103].
Other work has demonstrated that there is an increase in
the expression of al-adrenergic receptors in CRPS-affected
limbs [104]. Moreover, intradermal injection of phenyle-
phrine precipitates pain and allodynia in CRPS-affected
limbs [105]. Although the mechanisms have not been com-
pletely elucidated, given the available evidence it may be
deduced that Ad and C afferent nerve fibers interact with the
autonomic nervous system to cause some of the hyperpathia
and allodynia seen in CRPS.

Autoimmune Component

There is evidence of a role for autoantibodies in CRPS
pathophysiology. Research has shown that as many as 70%
of CRPS patients display anti-autonomic immunoglobu-
lin G antibodies in their serum [35]. Further analysis of
these IgG antibodies has demonstrated that they may have
B2-adrenergic and muscarinic-2 receptor activity [106].
Other work has demonstrated the presence of activating anti-
alpha-1a adrenoceptor antibodies in CRPS [107]. In sum,
these antibodies may help potentiate the inflammation that is
a hallmark of CRPS. This theory is supported by work done
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in mouse models. For instance, in a tibial fracture CRPS
mouse model, mice that lacked B cells and IgM had attenu-
ated nociceptive and inflammatory changes at 3 weeks post-
fracture [108]. Follow-up work demonstrated that injecting
mouse serum IgM antibodies from mice with acute tibial
fractures into CRPS mouse models that lacked B cells and
IgM produced pronociceptive effects. This lends support to
the theory that autoimmunity is a likely contributor to the
progression of CRPS [109].

Mental Health Component

Pre-existing mental health disorders may affect both the
likelihood of developing CRPS, as well as the course of the
disease. Patients with post-traumatic stress disorder (PTSD)
have a significantly increased incidence of CRPS when
compared to control populations [47]. Furthermore, CRPS
patients with higher levels of anxiety, perception of disabil-
ity, kinesiophobia, and pain-related fear have been found to
have a worsened disease course [9, 110]. These findings may
be due to increased catecholamine activity which worsens
nociceptive sensitization [1]. Catastrophizing has likewise
been linked to worsened pain severity in CRPS patients.
This may occur through increased proinflammatory cytokine
activity [24]. In contrast, a large, prospective multicenter did
not find any association between the presence of psychologi-
cal factors (e.g., agoraphobia) and CRPS [111].

Subtypes of CRPS

CRPS is typically subdivided into type I and type II. Type II
(causalgia) demonstrates evidence of major peripheral nerve
injury often manifesting as abnormalities in nerve conduc-
tion. Regardless of the type, the triggers can be similar and
the diagnostic features are the same. In the past decade,
some have scrutinized the existence of CRPS, and specifi-
cally CRPS type I as a disease entity [112—115]. Separate
editorials by Bass [116] and del Pifial [117] express their
concern that CRPS may be overdiagnosed given the increas-
ing incidence in recent years. Consequently, they propose
the abandonment of the term CRPS citing that this diagnosis
leads to unwarranted “medicalization” and avoidable harm
in these patients. However, others including Basler et al.
[118] maintain that the CRPS type I taxonomy is vital and
endorse careful use of the Budapest criteria with the recog-
nition that the criteria were established by expert consensus
and validation in small population studies. CRPS type II
is rarely mentioned in these debates perhaps because there
is objective evidence of nerve injury. There is a paucity of
data on the subtype, CRPS-NOS (not otherwise specified)
in the literature.

Given these limitations in appropriate diagnosis and
challenges in stratifying CRPS subtypes, several studies
have proposed new CRPS subtypes and taxonomies. How-
ever, it must be noted that CRPS subtypes should repre-
sent discrete disease states rather than varying stages in
the expected disease course, i.e., acute, dystrophic, and
atrophic manifestations represent different stages within
the same CRPS disease state [119]. Furthermore, no clear
sequence of these stages occurs in all patients. The distinc-
tion between CRPS subtypes as entities of various stages
has not been clearly reported. Zyluk and Puchalski [120]
propose the use of a “chronic refractory CRPS” subtype
which follows trivial injuries including superficial wounds
and minor contusions. They report that patients in this sub-
type (5.5% prevalence in their cohort of 220 CRPS patients)
suffer from CRPS that is more severe and disabling and
thus necessitates early diagnostic recognition. Interestingly,
these patients were also thought to have varying treatment
responses, which further encourages the need for increased
CRPS subtype recognition and classification to assist in
future research and clinical diagnostics.

Aside from etiology-specific subtypes, others have also
proposed novel CRPS subtyping to differentiate pheno-
typic manifestations. In 2016, Bruehl et al. [121] utilized
a cluster analysis of 152 baseline clinical CRPS presenta-
tions to dichotomize patients as having “warm CRPS” or
“cold CRPS” subtypes. Patients with warm CRPS were
found to have predominant warmth, erythema, and edema
and were suggested to more likely have pro-inflammatory
phenotypes. In contrast, cold CRPS patients manifested cool
extremities, pallor, and an absence of edema, and were more
likely to develop chronic complications. These subtypes
were also suggested to have varying disease courses with
cold CRPS often leading to chronic conditions while warm
CRPS was rather self-limiting (<6 months). The data sug-
gest that patients presenting with warm CRPS more likely
experience syndrome resolution compared to those who are
diagnosed with cold CRPS [22]. Although not a definitive
marker, a transition from warm to cold CRPS occurring in
the first year after the insult may reflect the development
of chronic CRPS [22]. In 2020, Dimova et al. [122] used a
cluster analysis of 1037 patients from 3 independent sources
to assess the validity of a “Central Phenotype” and “Periph-
eral Phenotype” of CRPS. Central phenotype patients were
characterized as having minor antecedent injuries leading to
allodynia, sensory deficits, and motor signs that suggested
central nervous system pathophysiology. Peripheral pheno-
type patients exhibited sweating and edema, skin color and
temperature changes, and trophic changes that were collec-
tively thought to be concordant with peripheral inflamma-
tion. While they found evidence that these two CRPS sub-
types represent varying pathogeneses, the clinical relevance
was not explored. Subtyping proposed by both Bruehl et al.

@ Springer



278

Current Pain and Headache Reports (2023) 27:269-298

[121] and Dimova et al. [122] has not yielded clinical rec-
ognition and is relatively novel. Moreover, the clinical rel-
evance and treatment responses of these proposed subtypes
require more in-depth study.

In 2019, the IASP CRPS Special Interest Group convened
a group of experts in Spain to adapt the criteria. The newly
published recommendations from the group incorporate
changes to diagnostic parenting, diagnostic subtypes, and
diagnostic procedure. Some of the primary recommenda-
tions include changing the ICD-11 parent classification of
CRPS from “focal or segmental autonomic disorder” to
“chronic primary pain,” clarifying that the diagnostic signs
of CRPS Il must extend beyond any identified injured nerve
territory, and creating a new CRPS subtype, “CRPS with
Remission of Some Features” (patients previously docu-
mented as having met CRPS criteria, but now with features
insufficient to meet the diagnostic criteria) [123].

Treatment

There is an array of treatment options for CRPS including
physical therapy, pharmacologic agents, interventional strat-
egies, and amputation (see Table 2 for treatment summary).
Considering the complex pathophysiology and heterogenous
presentation of this condition, a multimodal approach is gen-
erally recommended.

Pharmacological Therapies
Gabapentin

Gabapentin inhibits the function of voltage-gated calcium
channels and is frequently used to relieve pain in CRPS
patients. One case report of a patient with CRPS associ-
ated with basal cell carcinoma suggested that gabapentin
900 mg/day could be useful in treating paroxysmal crises
[44]. However, there are few studies demonstrating the con-
sistent efficacy of gabapentinoids in improving the long-
term outcomes of CRPS. Within the last 30 years, only
three randomized controlled trials (RCTs) have reported
significant pain relief with gabapentin therapy [124—126].
Furthermore, gabapentin may not necessarily be more effi-
cacious than other pharmacologic agents. A 2016 study
found no significant difference in pain reduction or res-
toration of function between amitriptyline and gabapentin
in pediatric patients with CRPS or neuropathic pain [126,
127]. Neuropathic pain medications like gabapentin may be
effective in controlling short-term or even long-term pain,
but these agents have not been demonstrated to significantly
change the disease course [128]. Adverse effects such as
sedation, cognitive impairment, and depression should be
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monitored in patients on long-term gabapentin, especially
in the pediatric population [78].

Antidepressants

Tricyclic antidepressants (TCAs) and selective serotonin-
norepinephrine reuptake inhibitors (SNRIs) are successfully
used to treat neuropathic pain, but few specific antidepres-
sants have been studied or used for the treatment of CRPS
[126, 127, 129]. One RCT in 2016 investigated the efficacy
of amitriptyline versus gabapentin in pediatric patients and
concluded that both drugs reduced pain and improved sleep
without significant differences in outcomes between the
two medications [1]. Selective serotonin reuptake inhibitors
(SSRIs) have demonstrated poor analgesia in the treatment
of CRPS in particular [130]. The side effect profile of anti-
depressants such as amitriptyline must also be considered
when selecting medications from this category [131].

Transdermal/Topical Agents

Some medications for the treatment of CRPS that can be
administered transdermally include patch formulations of
capsaicin, clonidine, and buprenorphine. One study dem-
onstrated that the application of an 8% capsaicin patch led
to decreased pain regionally and a reduced need for chronic
analgesics within 3 months [132]. There is no strong evi-
dence regarding the long-term benefits of capsaicin patches,
but they are generally well tolerated by most patients and
may be useful in providing short-term analgesia. Transder-
mal clonidine has also been proven to have some benefits in
improving local pain symptoms [133]. Several case reports
have demonstrated a decrease in pain intensity scores with
transdermal buprenorphine patches for systemic analge-
sia [134], but one literature review by Wiffen et al. [135]
reported that there was not sufficient evidence to conclu-
sively recommend transdermal buprenorphine. In clinical
practice, topical lidocaine can relieve cutaneous pain such as
allodynia associated with CRPS, but no RCTs have studied
the efficacy of topical formulations.

Opioids

While opioids are frequently prescribed for pain control,
there is little evidence in the literature regarding their effi-
cacy for CRPS [127]. One study suggests that weak opi-
oids may be useful in providing simple analgesia with the
addition of neuropathic pain medications later as needed
[136]. Investigators in another study successfully treated ten
chronic CRPS patients with progressively increasing mor-
phine dosages up to 30 mg/day, along with daily memantine,
physical therapy, and graded motor imagery exercises. The
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Table 2 Evidence-based

Treatment

Dosing Regimen Range of Levels of Evidence* Selected Studies

treatment of complex regional

pain syndrome PHARMACOLOGICAL THERAPIES
Y

Gabapentin

Gabapentin 900mg total per day 1V (systematic review down to case

study)

Gofitad CE, et al. 2019; van

Gabapentin 600 daily up to TID de Vusse AC, et al. 2004

Antidepressants

1111l (small RCT down to

Amitriptyline 10mg nightly retrospective cohort)

Brown S, et al. 2016

Transdermal/Topical Agents

8% Capsaicin Patch for 30-60 minutes
Buprenorphine 5-20mcg/hr/wk

1I-V (retrospective analysis down to
case series)

Goncalves D, et al. 2020;
Onofrio S, et al. 2016

Opioids

Morphine 10-30mg daily with Memantine 5-
40mg daily and physiotherapy

Il (prospective cohort with no

Elomaa M, et al. 2019
control)

Corticosteroids

Prednisolone 180-360mg over 3-6 days
Prednisone taper: 40-60mg, decreased by
5mg daily to 20mg; then 15mg/10mg/5mg

for one week each

10mg/mL Triamcinolone with 2mL 1.5%

Kumowski N, et al. 2019;
Jamroz A, et al. 2020; Park

-V (open RCT and systematic ¢ "o\ 500. pai RS, et al.

I i iew d t rt:
lidocaine review down to case reports) 2018; Zych-Litwin C, et al.
Dexamethasone spray, 0.28mg/g for 10 2019
days

Prednisolone 200-450mg total over 14
days with taper

Physical and Occupational Therapy

I-V (systematic reviews down to case
reports)

NEUROMODULATION

Spinal Cord Stimulation

11-V (small RCTs down to case
series)

Dorsal Root Ganglion Stimulation

|-V (medium/large RCTs down to
case studies)

Peripheral Nerve Stimulation

1I-V (prospective cohorts down to
case reports)

Transcutaneous Electrical Nerve

11-V (small RCTs down to case
reports)

Neural and Sympathetic Blockage

0.25% Bupivacaine 5mL with
Triamcinolone 1mL
0.75% Ropivacaine 5mL with 2%

Triamcinolone 5mL Gungor S, et al. 2018;

Herman J, et al. 2020; Imani
F, etal. 2016; Kang SH, et
al. 2020; Kim YH, et al.
2019; Nascimento MSA, et
al. 2010; de Oliveira Rocha
R, etal. 2014

1% Lidocaine 70mg with Clonidine 30mcg
|-V (systematic review and small

0.2% Ropivacain 20mL, with RCTs down to case report)

Dexamethasone 5mg and
Dexmedetomidine 25mcg
0.125% Ropivacaine 10mL with
Dexmdetomidine 40mcg
1% Lidocaine 5-10mL
0.5% Bupivacaine 10mL

EMERGING THERAPIES

Ketamine

Ketamine 0.7-1mg/kg/day for 5 days
Ketamine 60-200mg/hr for 4 hours for 4
consecutive days
Ketamine 22.2+/-2.0mg/hr/70kg for 5
consecutive days
Ketamine 8-24mg/hr over 3 days
Ketamine 0.7-1mg/kg/day for 5 days

Hewitt NA, et al. 2018;
Kirkpatrick A, et al. 2020;
Sigtermans MJ, et al. 2009;
Sorel M, et al. 2018; Sorel
M, etal. 2018

I-V (systematic review and small RCT
down to case reports)

Intrathecal Strategies Baclofen 25-75pg Il (small RCT) van Hilten BJ, et al. 2000
Calcitonin I-V (systematic review down to case

reports)
Bisphosphonates Clodronate 200mg IM daily for 15 days or |-V (systematic review and meta- Galluccio F, et al. 2020

Alendronate 20mg/wk analysis down to case series)

N-acetylcysteine

I-11I (systemiatic review down to
retrospective analysis)

Low-dose Naltrexone

Naltrexone 3-4.5mg daily V (case reports) Chopra P, et al. 2013

I11-V (prospective cohort down to

Scrambler Therapy case series)
Mirror Box Therapy -V (systematlcr:)\sz\:/)down to case

Cannabinoids

A9-THC 0.5mg or 1mg 11l (randomized cross-over study) Almog S, et al. 2020

Photobiomodulation

V (mouse model)

Plasma Exchange

IV-V (prospective and retrospective
case series down to case report)

Transcranial Magnetic

Stimulation/Transcranial Direct Current

IV (systematic review down to case
report)

Botulinum Toxin

IncobotulinumtoxinA 100 units in 2mL

BONT-A 220 units total Bellon G, et al. 2019; Kwak

H, et al. 2020; Safarpour D,
etal. 2010

11I-V (prospective case-control down

. . " to case report)
Unspecified Botulinum toxin 50 units total

Immunoglobulin Therapy

IVIG 90g every 3 weeks

IVIG 0.5mg/kg for one treatment Aradillas E, et al. 2015;

Goebel A, et al. 2010;
Goebel A, et al. 2017

I-V (systematic review down to case

. . report)
IVIG 0.5g/kg infused 2 times over 23 days

Surgical Sympathectomy

V (uncritical review articles)

Amputation

I-V (systematic review down to case
study)
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Table 2 (continued)

*Levels of evidence: level I, large randomized control trials (RCTs) with clear results and systematic reviews;

level II, small RCTs with unclear results; level III, prospective cohort and case-control studies; level IV, historical
cohort or case-control studies; level V, case series, case studies, and studies with no controls. Adapted from Burns
PB, Rohrich RJ, Chung KC. The Levels of Evidence and their role in Evidence-Based Medicine. Plast Reconstr

Surg. 2011; 128(1):305-310

researchers reported the most benefit in the improvement
of motor and sensory dysfunction with variable improve-
ment in pain and psychological distress [137]. Generally,
the goal of opioid therapy in CPRS should be to sufficiently
reduce nociception so that patients can actively partici-
pate in physical therapy. The side effect profile of opioids
including respiratory depression, abuse, constipation, and
the development of tolerance should be carefully examined
before initiating therapy, especially in pediatric patients. The
possible development of hyperalgesia may deter physicians
from prescribing chronic opioids for CRPS, although if other
treatments insufficiently control pain, opioids may be an
important therapy.

Serotonin and Norepinephrine Reuptake Inhibitors

SNRIs, particularly venlafaxine and duloxetine, are effica-
cious in reducing neuropathic pain, but have limited evi-
dence for treatment of neuropathic pain specific to CRPS
[130, 138]. However, in cases of concomitant CRPS and
depression, SNRIs are preferred over SSRIs due to their
analgesic properties and their FDA approval for treating
neuropathic pain [139].

Corticosteroids

Glucocorticoids reduce inflammation by modulating
immune cells, inhibiting inflammatory genes, and inter-
fering with the transcription of several cytokines. There is
strong evidence that chronic inflammation may play a role
in early disease development and progression. Mouse mod-
els have demonstrated that the transfer of IgG autoantibod-
ies from human CRPS patients to mice will cause similar
CRPS symptomology, and blocking the IL-1 inflammatory
pathway in these mice successfully prevents the develop-
ment of pain [140]. In an immunophenotyping study of 14
CRPS patients, Russo et al. [141] demonstrated that CRPS
patients had increased levels of memory CD8+T cells,
THI cells, regulatory T cells, phosphorylated NFkB, and
STAT1. Another study by Russo et al. [58] demonstrated
a positive correlation between high levels of inflammatory
cytokines such as TNF-a and positive stress, anxiety, and
depression scores in CRPS patients. These immunological
changes demonstrate the probable importance of steroids in
decreasing systemic inflammation and downregulating these
active inflammatory processes [58, 141, 142]. For example,
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one study suggested that an oral steroid pulse (between 3
and 6 days with a total dose between 180 and 360 mg of oral
prednisolone) may decrease pain by improving perfusion
and oxygen extraction in affected limbs, and may be espe-
cially useful in the treatment of early CRPS (< 1 year) [143].

Prednisone, methylprednisolone, and prednisolone have
been used for the treatment of CRPS with significant pain
reduction and improvement in other associated symptoms
[144]. Jamroz et al. [145] reported that prednisone treatment
was associated with improved range of motion, pain control,
and overall functionality. It is unclear when the maximum
benefit of steroid therapy may be expected, however. One
recent study demonstrated that daily oral prednisone over
the course of several weeks significantly improved CRPS
symptoms but that these benefits were limited to patients
with refractory chronic CRPS [144]. However, Bean et al.
[110] suggested that the maximum benefits of steroid ther-
apy occur within 6 months of disease onset.

In multiple case reports, intra-articular corticosteroid
injections (CSIs) have been demonstrated to reduce pain in
the affected limb [146]. One case report by Pai and Vas
[146] showed that CSIs into the radio-ulnar and radio-
humeral joints improved pain and range of movement in the
forearm. The authors hypothesized that CSIs reduce local
nociceptive sensitization and may be especially useful in
improving motor functionality in conjunction with physical
therapy [146].

Another case report by Zych-Litwin and Litwin [147]
showed that prompt treatment with local dexamethasone
spray and oral meloxicam could result in the complete
resolution of early CRPS. Therefore, early initiation of
anti-inflammatory medications may induce full recovery in
selected patients. The benefits of steroid therapy must be
carefully weighed with the risk of adverse effects includ-
ing worsening diabetes mellitus or gastrointestinal bleed-
ing. A low-dose steroid taper is recommended in patients
with underlying comorbidities that may predispose them to
complications from steroid therapy. In some patients with
post-stroke CRPS, low-dose steroids have also been shown
to be as effective as high-dose steroids [148].

Other immunomodulatory pharmacologic agents that
have been used to treat CRPS include mycophenolate and
hydroxychloroquine [149, 150]. Hydroxychloroquine is
thought to improve pain by reducing microglial activation
in the dorsal horn and normalizing levels of inflammatory
cytokines [149].
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Physical and Occupational Therapy

Current guidelines recommend a multimodal treatment
approach involving physical and occupational therapy [1,
43, 151, 152]. Experts in CRPS feel that these modali-
ties are helpful in restoring the use of the affected limb
and reducing the sequelae related to disuse. CRPS is often
associated with emotional and psychological distress that
deters patients from voluntarily using the affected limb.
Physical therapy is thought to help recover mobility in
affected limbs, reduce edema, improve strength, and pre-
vent long-term functional complications [9, 45]. Some the-
ories suggest that physical therapy may also induce endor-
phin release in the central nervous system and enhance
analgesia in the spinal cord [144]. Therefore, early mobi-
lization of the affected limb is crucial to slowing disease
progression and preventing long-term functional sequalae
[128, 136, 153]. Physical therapy should be initiated as
soon as is medically safe [153].

Physical therapy should involve a comprehensive assess-
ment of functionality and be individualized for each patient
[154]. Analgesics such as low-dose opioids or neuropathic
pain medications may be needed for patients who are unable
to tolerate therapy due to pain. In one case report, passive
range of motion exercises was successfully performed under
sedation for a pediatric patient with severe CRPS who was
unable to tolerate physical therapy [155].

A 2022 Cochrane review reports uncertain evidence
regarding the role and efficacy of physical therapy in CRPS
and the necessity of further RCTs in evaluating this treat-
ment modality [156]. Some physical therapy techniques
that have been reported in the literature include acupunc-
ture, manual lymphatic drainage massage, whirlpool bath,
laser therapy, and electromagnetic therapy [156]. Similar
to the 2016 Cochrane review, this most recent Cochrane
review suggests that graded motor imagery and mirror ther-
apy may provide some long-term and short-term improve-
ment, respectively, in pain and functionality for CRPS I, but
these trials were considered low-certainty studies [156]. In
graded motor imagery, the patient first imagines moving the
affected limb into the desired position and then progresses
to mirror therapy, in which a strategically placed mirror over
the affected limb lends the illusion of both limbs moving
in tandem [78, 92, 133]. Graded motor imagery has been
associated with reduced pain and improved functionality
after 6 months of treatment [1]. Overall, the 2022 Cochrane
review did not identify sufficient high-level evidence to
strongly or definitively recommend any physical therapy
intervention for the treatment of CRPS [156].

Despite the paucity of high-quality evidence in the litera-
ture, physical therapy continues to be widely recommended
for the treatment of CRPS. Physical therapy is especially
important in the treatment of childhood CRPS [157-163].

It has also been shown to decrease pain scores and improve
function in CRPS patients older than 60 years [164]. In addi-
tion to its role in improving limb function, physical therapy
may also be useful in providing patients with assistive or
functional devices including splints or braces, especially
during the initial stages of CRPS [165]. New physical ther-
apy modalities for CRPS include exergames, which com-
bine physical therapy with interactive video games and pain
exposure physical therapy [166—169]. However, one RCT
investigating pain exposure physical therapy reported no
significant differences in the range of motion or pain scores
after pain exposure physical therapy versus conventional
treatment [168, 170].

Neuromodulation

When more conservative therapeutic options have been
ineffective or inadequate, it is common to consider neuro-
modulation interventions including transcutaneous electri-
cal neurostimulation (TENS), spinal cord stimulation (SCS),
dorsal root ganglion stimulation (DRGS), or peripheral
nerve stimulation (PNS).

Spinal Cord Stimulation

SCS involves electrical stimulation of the dorsal columns
via percutaneous or surgical placement of electrodes in the
epidural space. While the precise mechanisms of action have
yet to be clearly delineated, prevailing theories suggest the
SCS operates by way of the gate control theory wherein
preferential neurostimulation of faster A-beta fibers leads
to diminished propagation of painful stimuli from slower
C-fibers [127]. While unsubstantiated, newer theories sug-
gest that SCS may reverse maladaptive cortical neuroplastic
changes or even have some immunomodulatory properties
via the mediation of T cell activation as well; however, such
theories have yet to be more clearly elucidated [171]. The
maximum benefit of SCS may be seen when therapy is initi-
ated earlier in the disease process, especially within 1 year of
diagnosis or in patients younger than 40 years old [9]. Con-
versely, pain relief from SCS appears to be more short-lived
in patients who smoke [172]. While SCS may not change
the overall CRPS disease course, it has been associated with
decreased oral medication consumption, enhanced quality of
life, and improved physical function [9, 144, 173].

Similar benefits including improved function and pain
control have been seen with SCS in pediatric patients as
well [79, 82]. There is also preliminary evidence suggest-
ing that younger patients continue to experience significant
pain relief even after the removal of the SCS device within
5 years of implantation [174]. A Cochrane review in 2017
concluded that there was strong evidence for the role of SCS
in improving pain intensity scores and quality of life [175].
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Newer paresthesia-free SCS stimulation as well as high-fre-
quency SCS may prove even more useful in treating CRPS
[176-178]. However, enhanced benefit with novel wave-
forms has not been established or explored in the literature.

Dorsal Root Ganglion Stimulation

DRGS is a relatively newer neuromodulation intervention
that appears promising in the treatment of CRPS. Relative
to SCS, DRGS allows for more precise targeting of painful
regions and thus is thought to be more effective for focal
pain presentations. In addition to improved pain and mood,
DRGS attenuates the chronic inflammatory state associated
with CRPS, as demonstrated through decreased levels of
pro-inflammatory markers such as IL-1B post-treatment
[179]. DRGS has also been proven effective in reducing
CRPS symptomatology in pediatric patients [79, 81].

One study by Bussel et al. [180] reported that patients
prefer DRGS over dorsal column SCS in treating CRPS that
is limited to the knee. The ACCURATE trial in 2017 also
concluded that DRGS was superior to SCS in providing pain
relief and improving quality of life and functional status in
CRPS patients with no differences in adverse effects [127,
181]. Additionally, DRGS causes chronic stable pain relief
up to 1 year after implant, whereas SCS has been associ-
ated with progressively declining pain relief at approxi-
mately 10 months after implantation [182]. More notably,
there have been several case reports describing the use of
DRGS as a salvage therapy by successfully treating patients
after they failed conventional SCS [183, 184]. DRGS can be
more expensive than SCS due to a shorter battery life and
thus more pulse generator replacements are needed. How-
ever, both SCS and DRGS have been shown to be clearly
cost-effective relative to long-term medical management
[185]. While DRGS appears to be superior to SCS, one ret-
rospective study demonstrated that DRGS in conjunction
with simultaneous SCS decreased pain scores and improved
function more than DRGS or SCS alone [186].

Peripheral Nerve Stimulation

PNS for the treatment of CRPS is less frequently reported
in the literature than SCS or DRGS. Benefits of PNS are
thought to arise from preferential neurostimulation of non-
nociceptive A and B fibers along peripheral nerves, which
in turn disrupts nociceptive transmission from C fibers
[187]. One case report demonstrated successful alleviation
of pain and restoration of movement following percutaneous
PNS of the ulnar nerve in the treatment of upper extrem-
ity CRPS [187]. However, PNS utilization is not limited to
CRPS confined to a single peripheral nerve; PNS utiliza-
tion along multiple peripheral nerves and even neural plexi
has been reported. A 2020 case series by Frederico, and da
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Silva Freitas [188] demonstrated significantly reduced pain
scores after PNS of the brachial plexus for upper extrem-
ity CRPS. A larger retrospective chart review proved that
PNS was associated with decreased pain scores, improved
functional status, and decreased opioid consumption overall
[189]. One case report has also demonstrated success with
wireless PNS of the radial and median nerves with minimal
side effects or complications [190]. Studies comparing PNS
to neuraxial modalities like SCS and DRGS are non-existent,
but PNS has a more favorable safety profile and involves less
invasive instrumentation. However, only SCS and DRGS are
approved by the Food and Drug Administration (FDA) for
the treatment of CRPS.

Transcutaneous Electrical Nerve Stimulation

TENS can be an effective, minimally invasive treatment for
CRPS, especially for pediatric patients [191, 192]. There is
a paucity of literature on this topic, but one study has dem-
onstrated a significant reduction in pain intensity scores and
edema after TENS therapy in upper extremity CRPS [193].
Despite this dearth of data, given that TENS is a highly
safe intervention it should be readily utilized if tolerated,
especially as an adjunct to physical therapy and other treat-
ment modalities.

Neural and Sympathetic Blockade

Sympathetic blocks represent another minimally invasive
treatment modality that can attenuate the sympathetic hyper-
activity seen in CRPS. Upper extremity CRPS can be tar-
geted with a stellate ganglion block, while a lumbar sym-
pathetic block can be used for reducing the symptoms of
lower extremity CRPS [127, 133, 176, 194]. Sympathetic
blocks are usually performed with fluoroscopy, but ultra-
sonography has also been used in certain cases [176]. In fact,
there is increasing evidence for performing stellate ganglion
blocks under ultrasound versus fluoroscopy [195]. Success-
ful reduction of pain after sympathetic blockade can increase
tolerance for physical therapy and decrease dependence on
oral pain medications [194]. In clinical practice, these blocks
are performed in series if they allow patients to engage in
physical restoration therapies by reducing pain sufficiently.
Many patients continue to experience pain relief for at least
several weeks after sympathetic block according to a retro-
spective review of 155 patients [196]. Measuring an eleva-
tion in temperature of the affected limb after the procedure
assists in confirming the accuracy of sympathetic blocks [1].

One RCT reported significantly lower pain scores at a
12-month follow-up after thoracic sympathetic block in
patients with upper extremity CRPS [194, 197]. Another
study by Lee et al. [198] investigated differences in pain
reduction between lumbar sympathetic block with botulinum
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toxin type A versus botulinum toxin type B and concluded
that both types of botulinum toxins successfully reduced
pain scores, but botulinum toxin B was more effective in
terms of duration of pain reduction. One RCT investigating
upper extremity CRPS concluded that there was no differ-
ence in pain relief at 1-month follow-up between stellate
ganglion block with lidocaine, stellate ganglion block with
lidocaine and clonidine, and regional anesthetic block with
lidocaine and clonidine [144, 199].

Other nerve blocks for the treatment of CRPS have been
reported in the literature. For example, several case reports
have documented success with the reduction of refractory
CRPS pain with supraclavicular brachial plexus blocks [200,
201]. There is also some evidence to suggest that T2 para-
vertebral block may be even more efficacious in prolonging
block duration than standard stellate ganglion block [202].

Although a Cochrane review in 2003 concluded that sym-
pathetic blocks were not useful in reducing CRPS pain, an
updated Cochrane review in 2013 reported that no conclusions
could be drawn due to a lack of high-quality evidence [175].
Similarly, a systematic review by Zyluk and Puchalski [144]
suggested that there was only weak evidence to support the
use of stellate ganglion blocks in CRPS. Nerve blocks are gen-
erally well tolerated, but a case report demonstrated the devel-
opment of extrapyramidal motor symptoms following lumbar
sympathetic block; these extrapyramidal effects resolved with
intravenous administration of diphenhydramine [203].

Emerging Therapies
Ketamine

Ketamine acts by inhibiting the N-methyl-D-aspartate
(NMDA) receptor and is often delivered in a topical, suban-
esthetic, or anesthetic form [204]. It is believed to reverse the
maladaptive cortical neuroplastic changes and central hyper-
sensitization that are characteristic of CRPS [144, 175, 205].
More specifically, some studies suggest that ketamine may
reduce cortical hyperexcitability by promoting GABAergic
transmission [206]. The heterogeneity of ketamine adminis-
tration, dose, duration, and outcome measures in previously
published trials make it difficult to provide clinical recom-
mendations, but several researchers have proposed guide-
lines on ketamine infusion including rate, titration, duration,
tapering, and maintenance therapy [207].

There is some evidence that ketamine may be effective
in inducing short-term pain reduction in CRPS patients for
several months [127, 175, 208, 209]. Application of topical
10% ketamine has been associated with reduced allodynia
without significant improvement of function [144, 205, 210].

Kirkpatrick et al. [211] demonstrated that escalating subanes-
thetic ketamine infusions, starting at 60 mg/h and ultimately
increasing to 200 mg/h, led to diminished hyperalgesia within
4 days of treatment of lower extremity CRPS. The study also
suggested that ketamine therapy for upper extremity CRPS
may require more than 4 days to achieve maximal benefit
[211]. Another study by Sigtermans et al. [212] reported lower
pain scores in patients treated with subanesthetic-dose keta-
mine therapy with a mean infusion rate of 22.2+2.0 mg/h
compared to the placebo group, although these differences
diminished by the end of the 12 weeks of therapy.

Anesthetic doses of ketamine (ketamine comas) have been
used in patients with severe CRPS refractory to more con-
ventional therapies including subanesthetic ketamine infu-
sion. One study induced a “ketamine coma” via high-dose
ketamine and midazolam infusion in intubated patients and
reported improved quality of life in 85% of patients within
6 months of therapy, and complete resolution of pain in 50%
of patients after 10 years [210, 213]. Another study reported
inducing coma with high-dose ketamine, midazolam, and
clonidine with 50% of patients remaining pain-free for up
to 11 years after therapy [210, 213].

A systematic review by Connolly et al. [204] in 2015
concluded that there is not sufficient high-quality evidence
to recommend ketamine for the treatment of CRPS. Yet, a
meta-analysis by Zhao et al. [214] in 2018 concluded that
ketamine infusion can provide effective pain relief in the
short term (<3 months), but more RCTs are necessary to
confirm these results for long-term pain relief.

Adverse side effects of ketamine including hypertension,
hallucinations, dissociation, agitation, salivation, mania,
anxiety, and nausea should be carefully monitored [9, 207,
211]. Hepatotoxicity and cholangitis are known complica-
tions of chronic ketamine use, and one case report noted the
development of biliary dilation and cholangitis with recur-
rent ketamine infusion at subanesthetic doses [215]. The
risk of hepatoxicity is approximately 1.9%; therefore, it is
reasonable to monitor liver enzymes before and after a series
of outpatient systemic treatments [214]. Considering this
risk profile, it may be useful to predict patient response to
ketamine before initiation of therapy. Patients with positive
responses to ketamine therapy express different miRNAs
before treatment than do patients with poor responses, sug-
gesting that these biomarkers can be used to predict response
to ketamine therapy [35]. Similarly, the ratio of phases (vas-
cular, tissular (tissue), and bone phases) during three-phase
bone scintigraphy before ketamine therapy can help predict
patient response; increased ratios of bone phase to tissular
phase, bone phase to vascular phase, and tissular phase to
vascular phase has been significantly associated with more
positive outcomes after ketamine therapy [216].
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Intrathecal Strategies

CRPS-induced dystonia may be treated with intrathecal
baclofen if oral administration of baclofen is not feasible
or effective [91]. Baclofen is a GABA receptor agonist that
reduces nociceptive transmission at the dorsal horn [9]. A
randomized controlled trial demonstrated that intrathecal
baclofen was associated with decreased dystonia compared
to intrathecal saline administration [217]. Side effects of
intrathecal baclofen administration including headache,
nausea, and hallucinations are not uncommon and should
be monitored appropriately [91, 217].

In the literature, other medications including steroids,
clonidine, adenosine, glycine, opioids, and various inter-
leukins have been administered intrathecally with differing
levels of success. A randomized controlled trial reported
no significant improvement in pain as well as worsening
myoclonus in patients treated with intrathecal methylpred-
nisolone [1, 127, 170]. Another randomized controlled trial
by Rauck et al. [218] showed no significant difference in
pain reduction between intrathecal clonidine and intrathe-
cal adenosine therapy. Similarly, intrathecal glycine was
not associated with improved pain or functionality [170].
A study by Herring et al. [219] concluded that intrathecal
opioid therapy did not reduce chronic oral opioid intake in
CRPS patients. Several mouse models have demonstrated
the efficacy of intrathecal IL-10 or intrathecal recombinant
FTY720, which downregulates the sphingosine-1 phosphate
receptor and inhibits lymphocyte migration, in reducing
allodynia [220, 221].

Calcitonin

Calcitonin is thought to be efficacious in the treatment of
CRPS due to its analgesic and vasoactive properties [45,
144]. It reduces bone resorption and may also promote
analgesia via stimulation of b-endorphin release [133, 222].
Nasal calcitonin spray is typically administered as 200—-400
units/day over 1 month, whereas subcutaneous calcitonin
injection can be delivered as 100U/day over 2 months [144].
The literature regarding the benefits of calcitonin is mixed.
One study demonstrated that intranasal calcitonin therapy
in conjunction with physical therapy was associated with
a greater reduction in pain and improved range of motion
when compared to physical therapy and placebo [92].
However, other RCTs have denied any significant clinical
improvements with intranasal calcitonin [222]. Calcitonin
appears to be most efficacious in improving pain and range
of motion and reducing edema and vasomotor dysfunc-
tion when administered in patients with early CRPS [144].
There is no compelling evidence for preference of calcitonin
over other therapeutics, but considering its relatively safe
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pharmaceutical profile, it may be considered as part of a
multimodal approach.

Bisphosphonates

Patients with CRPS of the lower limb can exhibit decreased
bone mineral density and decreased bone volume, suggest-
ing a state of increased bone resorption that may be ame-
nable to bisphosphonate therapy [223]. Bisphosphonates,
including alendronate, pamidronate, zoledronic acid, and
clodronate, decrease osteoclast-mediated bone resorption
and pain caused by osteopenia [45, 222, 224]. The improved
blood flow and bone strength may also result in better toler-
ance to physical therapy and overall improved mobility and
functionality in the affected limb [225].

Bisphosphonates have established therapeutic value for
treating bone disorders including Paget’s disease and osteo-
porosis, but the literature regarding their efficacy in CRPS
is not as compelling [1]. Several RCTs have suggested that
bisphosphonates can improve classic CRPS symptoms, have
low misuse potential, and result in minimal adverse effects
that are usually limited to upper gastrointestinal symptoms
[92, 127, 131, 222, 226]. Another randomized study dem-
onstrated that IV pamidronate was as effective in controlling
pain as oral prednisolone in post-stroke CRPS patients [92,
208]. However, a Cochrane review of these trials cautions
that the evidence supporting bisphosphonate therapy is of
low quality [9, 175].

The benefits of bisphosphonate therapy may also be lim-
ited to short-term outcomes. Several studies have demon-
strated that bisphosphonate administration in conjunction
with physical therapy may convey favorable short-term out-
comes including reduced pain and improved functionality
[144, 209, 224]. In some situations, pain reduction may be
apparent even after the first dose of IV pamidronate [222,
224]. Similarly, Scholz-Odermatt et al. [227] reported that
patients in the early stages of CRPS responded more favora-
bly to bisphosphonate treatment than did patients with more
advanced disease. There is also evidence that patients who
respond favorably to bisphosphonate therapy experience a
quicker resolution of CRPS symptoms [228].

Other pharmacologic agents including teriparatide, a
parathyroid hormone analog, may be efficacious in reduc-
ing bone edema and improving range of motion due to
CRPS. Teriparatide has already been shown to improve
fracture healing and decrease degeneration of articular
cartilage [229].

N-acetylcysteine
N-acetylcysteine and other free radical scavengers may help

treat CRPS by reducing inflammation and improving edema,
skin color, and limb functionality. Their therapeutic effect is
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based on the belief that excessive production of toxic oxy-
gen radicals mediates the CRPS disease process. Other free
radical scavengers that have been used in the treatment of
CRPS include topical dimethyl sulfoxide and IV mannitol
[92, 170]. Dimethyl sulfoxide cream is particularly useful
in treating early CRPS while oral N-acetylcysteine may be
more useful for pain reduction of chronic CRPS [144]. How-
ever, a 2021 meta-analysis on N-acetylcysteine for treating
chronic pain, including CRPS concluded that insufficient
evidence exists for its efficacy and safety [230]. Evidence
for mannitol is mixed, as one randomized trial demonstrated
only minimal benefit of mannitol infusion when compared
to placebo [92].

Low-Dose Naltrexone

Naltrexone, a p and k opioid antagonist has been a possible
therapy for chronic pain conditions and autoimmune dis-
orders such as multiple sclerosis, diabetic neuropathy, and
fibromyalgia [130, 231]. There have been two case reports of
attenuation of dystonia in CRPS patients after administration
of low-dose naltrexone [232]. The benefits of naltrexone in
CRPS are thought to arise from the antagonism of specific
TLR4 receptors on hyperactive glial cells [232]. Otherwise,
there is little guidance from the literature regarding the use
of naltrexone in CRPS.

Scrambler Therapy

Scrambler therapy is a relatively new, non-invasive tech-
nique that involves electrocutaneous stimulation of C fib-
ers and has demonstrated some efficacy in the treatment
of several chronic pain disorders [233-235]. Traditionally,
electric stimulation of cutaneous A-beta fibers has been used
to block nociceptive transmission from C fibers and induce
analgesia. While scrambler therapy does stimulate C fibers,
it instead enhances the transmission of non-painful sensa-
tions from C fibers [234]. Therefore, the utility of scrambler
therapy lies in changing the transmission of pain along tradi-
tional C fiber pathways rather than blocking their transmis-
sion. Several scrambler therapy studies have included CRPS
patients, but there are few studies exclusively examining
these patients [234]. Several small case reports have dem-
onstrated persistent pain relief and improved quality of life
in CRPS patients after scrambler therapy with few adverse
side effects [236].

Mirror Box Therapy

Some CRPS patients experience altered sensation and per-
ception of the affected limb and frequently describe physi-
cal changes of the affected limb that are out of proportion
with physical exam findings [237]. These sensations were

previously thought to lead to a visuospatial attention bias,
although this theory has largely fallen out of favor [238].
Mirror box therapy may help to correct these abnormal sen-
sations. In mirror therapy, the affected limb is concealed
with a mirror, and the patient is asked to move the unaffected
limb. The mirror creates the illusion that the affected limb is
moving in tandem with the unaffected limb and may assist
with neural perception retraining in CRPS patients [78, 92,
127,239, 240]. MRI brain comparison before and after treat-
ment supports the theory that mirror box therapy is associ-
ated with some reversal of maladaptive cortical neuroplastic
changes and attenuation of pain [240, 241].

Multiple studies have demonstrated that mirror therapy
can mitigate phantom limb pain and lead to better function-
ality in the affected limb [240]. In CRPS, Kotiuk et al. [237]
reported that over 80% of CRPS patients experienced an
improvement in body perception disturbances as measured
by the Bath scale as well as improved pain relief, functional
status, positional awareness, and attention deficits. Recent
RCTs suggest that the benefits of mirror therapy become
apparent with a 4-week program, and may be present for up
to 6 months afterwards [144]. The 2022 Cochrane review
similarly suggests that mirror therapy may be useful in
reducing pain symptoms and improving limb functional-
ity, but warns that the current quality of evidence in the
literature regarding mirror therapy is uncertain and low level
[156]. Although evidence supporting mirror box therapy is
moderate at best, it continues to be used in the treatment of
CRPS [144].

In the event that mirror box therapy is not tolerated by
the patient, alternative strategies such as body shadow, in
which images of the affected limb are projected onto a wall
may be considered [242]. Virtual reality provides another
alternative for mirror therapy in patients without an intact
limb and may even more closely simulate the movement of
the affected limb. Initial data on immersive virtual reality
and home virtual reality systems appear promising [240].

Cannabinoids

There is some evidence that cannabinoids can ease cancer
pain and neuropathic pain, but there is little evidence sup-
porting the use of cannabinoids for the treatment of CRPS.
There have been some clinical trials exploring the use of an
inhaled cannabinoid-based drug (delta-9-tetrahydrocannab-
inol (9.5%) and cannabidiol (2.5%)) which was previously
used to treat cancer pain for the treatment of CRPS patients
[243]. A recent RCT by Almog et al. [244] in 2020 reported
significant pain reduction in patients given inhaled doses
of tetrahydrocannabinol (THC) at both 0.5 mg and 1 mg
concentrations. However, less than half of the patients in
this study were diagnosed with CRPS; the majority were
diagnosed with diabetic neuropathic pain [244]. Dedicated
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RCTs evaluating the effectiveness of cannabinoids in treat-
ing CRPS patients are warranted. Currently, recommenda-
tions for cannabinoid therapy should be carefully considered
since the potential for misuse is high [131].

Photobiomodulation

Photobiomodulation is a relatively new technique that is
hypothesized to decrease peripheral sensitization, lower
inflammatory cytokine levels, and promote endorphin
release [245]. Rodrigues et al. [245] investigated the efficacy
of photobiomodulation at 660 nm and 830 nm wavelengths
in a preclinical model of CRPS and concluded that 660 nm
therapy in particular was effective in decreasing hyperal-
gesia to thermal and mechanical stimuli. Both wavelength
therapies were also associated with reduced limb edema.
Although limited, the evidence for photobiomodulation
appears promising and may find value as a complementary
treatment for CRPS.

Plasma Exchange

Plasma exchange involves the removal of autoantibodies
and immune complexes that contribute to systemic inflam-
mation, and is used to treat various immunological disor-
ders [246]. One study by Ramanathan et al. [246] suggested
that dysregulation of exosomal miRNAs could contribute
to the inflammatory state seen in CRPS; therefore plasma
exchange may be effective in removing these inflammatory
large molecules from the circulation. A large retrospective
case series by Aradillas et al. [247] in 2015 reported that
approximately 90% of CRPS patients reported a significant
reduction in pain after plasma exchange therapy. Contin-
ued benefits appear to be contingent on repeated therapy
because patients who did not undergo maintenance therapy
experienced a recurrence of their pain [247]. Preliminary
findings support the possible benefits of therapeutic plasma
exchange, but RCTs are necessary before this therapy can be
confidently recommended. Additionally, plasma exchange is
time intensive and costly in nature.

Transcranial Magnetic Stimulation/Transcranial
Direct Current Stimulation

Transcranial magnetic stimulation (TMS) has been effec-
tive for certain chronic pain disorders including neuropathic
pain and fibromyalgia, but the literature on TMS for treat-
ing CRPS is scarce [248, 249]. This therapy involves the
placement of an electromagnetic coil on the patient’s head to
generate a magnetic field and provide magnetic stimulation
that modulates cortical excitability [248, 249]. A literature
review in 2017 by Nardone et al. [249] provided evidence of
hyperexcitability within specific cortical regions including
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the bilateral motor cortex which may contribute to the devel-
opment of CRPS. More recent studies have demonstrated
positive pain reduction benefits in patients with CRPS after
TMS therapy, although the current evidence is limited by
small sample sizes [250]. One randomized controlled trial
by Picarelli et al. [251] demonstrated that adjuvant therapy
consisting of repetitive TMS targeting the motor cortex is
efficacious in the reduction of sensory-discriminative and
emotional-affective pain in CRPS 1 confined to a single
upper limb. Transcranial magnetic stimulation is gener-
ally safe and non-invasive, but patients with a low seizure
threshold such as those with pre-existing seizure disorders or
chronic alcohol use should be carefully monitored given that
one study reported the occurrence of a generalized seizure
during treatment [251, 252]. Overall, transcranial magnetic
stimulation may be a viable option for CRPS patients with
pain refractory to other treatment modalities, but RCTs are
needed to further elucidate its therapeutic benefits [251, 252].

There has been some promising evidence about transcranial
direct current stimulation (tDCS) in the treatment of CRPS.
Unlike TMS, tDCS involves stimulation by low-intensity elec-
trical currents. One case report has demonstrated mild but
positive pain reduction when combining tDCS therapy with
transcutaneous electrical nerve stimulation (TENS) [252]. The
combination of tDCS and TENS has proven more effective than
either therapy alone in the treatment of low back pain and may
be useful in CRPS patients with refractory pain [252, 253].

Botulinum Toxin

Botulinum toxin acts by inhibiting the release of acetyl-
choline at the motor end plate and treats a wide range of
muscular and painful disorders such as dystonia and chronic
migraine. Some studies suggest that botulinum toxin may
have anti-nociceptive properties by suppressing TRPV1
nociceptive channels [254]. It has been infrequently used
to interrupt the sympathetic flow in the form of an injection
therapy along the sympathetic chain, intraarticular injection,
or subcutaneous injection. For example, work by Lee et al.
[198] in 2018 investigated the differences between botuli-
num toxin type A and botulinum toxin type B in lumbar
sympathetic ganglion blocks of patients with CRPS. The
researchers concluded that pain scores decreased with both
groups although significantly prolonged pain relief was seen
with botulinum toxin B [198]. A case report by Bellon et al.
[254] presented a patient with significant pain reduction and
improved range of motion after intraarticular injection of
botulinum toxin A into the glenohumeral joint.

Several case reports have documented success in pain
reduction with injection of botulinum toxin type A into myo-
fascial trigger points of the upper limb, and specifically the
trapezius, scalenes, and paraspinal muscles of CRPS patients
with distal symptoms [255, 256]. Similarly, a more recent
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case report in 2020 showed a significant reduction in allo-
dynia with subcutaneous injection of botulinum toxin A to
the palm [2]. Interestingly, the researchers also noted a pro-
gressively lengthening duration of pain reduction after each
subsequent botulinum toxin A injection [2]. Overall, more
data is needed to determine the efficacy of botulinum toxin
as well as clinical guidelines for its administration.

Immunoglobulin Therapy

There is increasing evidence from preclinical studies that
autoimmunity contributes to the pathophysiology of CRPS
[257]. Some evidence suggests that an overactive immune
response, perhaps involving autoantibodies targeted at the
beta2-adrenergic receptor and the muscarinic-2 receptor, may
play a role in the development of this disease [258]. Conse-
quently, some case reports have examined immunoglobulin
infusion therapy, though immunoglobulin therapy has been
met with mixed results [246, 247, 258]. A narrative review
by Chang et al. [258] in 2020 did report that IVIG appeared
to significantly reduce neuropathic pain with a low risk for
any adverse effects. Similarly, Goebel et al. [259] performed
a small RCT in 2010 that demonstrated decreased pain scores
during IVIG infusion with no adverse effects. However, a
large RCT in CRPS patients performed by Goebel et al. [260]
did not show benefit. The literature suggests that benefits in
pain reduction from IVIG infusion may arise within 1-2 days
of therapy [259, 260]. The peak or duration of pain reduction
is unknown, and the data lack consistency which makes it
challenging to recommend IVIG as a standard treatment, or
to establish a therapeutic protocol for administration.

Surgical Sympathectomy

Surgical sympathectomy is rarely performed in CRPS and
has variable levels of success [133]. Sympathectomy was pre-
viously performed via an open surgical approach, but is now
accomplished via minimally invasive endoscopy. A litera-
ture review by Kim et al. [261] reported surgical sympathec-
tomy failure rates as high as 35%. The authors attributed this
high failure rate to the poor predictive value of sympathetic
blockade in assessing the success of surgical sympathectomy.
Moreover, nearly half of the patients may experience a recur-
rence of CRPS or neuralgia after surgical sympathectomy
[261]. Sympathectomy may also be accomplished through
less invasive approaches such as radiofrequency ablation, but
the recurrence of CRPS remains a concern.

Amputation

Amputation is viewed as an intervention of last resort for CRPS
after many previous therapies have failed [49]. Approximately

15% of patients diagnosed with CRPS experience symptoms
after 18 months even with appropriate treatment [262]. Regard-
less, some professional guidelines such as those set by the Royal
College of Physicians in England discourage amputation for
CRPS within 24 months of the diagnosis [83]. Patients with
chronic CRPS have usually tried multiple therapies without
adequate relief of symptoms and may request amputation. Pain
and limb dysfunction rank as the two most common reasons
that patients request amputation [49, 263].

A systematic review by Ayyaswamy et al. [263] found
that 66% of patients experienced improved quality of life
while 16% of patients reported decreased quality of life
after amputation. Patients who continued multidisciplinary
treatment including physical therapy, psychology, and pain
management after amputation reported the greatest benefits
in quality of life. Conversely, psychological factors including
lower baseline resilience and poor social support have been
associated with poorer outcomes after amputation including
decreased improvement in mobility [264]. The most com-
mon complications associated with amputation included
phantom pain, stump pain, and recurrence of CRPS, which
can occur in nearly 50% of patients [146, 263]. Recurrence
of pain or other post-operative complications may also
impede prosthetic fitting and use [83, 264].

One case report in the UK highlighted a trans-tibial
amputation in a patient who had failed conservative treat-
ment including spinal cord stimulation [183]. Unfortunately,
the patient subsequently developed a stump neuroma. Exci-
sion of the neuroma led to a recurrence of CRPS that was
refractory to steroid, opioid, bisphosphonate, intravenous
immunoglobulin, and physical therapy but did respond
positively to dorsal root ganglion stimulation [183]. This
case report demonstrates that amputation does not guarantee
complete resolution of symptoms, and may lead to further
distressing complications.

Another case report found that amputation coupled with
ketamine infusions was successful in controlling pain for a
patient with extremely debilitating CRPS of the lower extrem-
ity [265]. The authors attribute the beneficial outcome to the
utilization of multiple modalities for preventing phantom limb
pain, including aggressive PT and regional anesthesia.

There is not sufficient evidence in the literature to confi-
dently recommend amputation, but amputation may be justifia-
ble in patients with intractable end-stage CRPS and poor quality
of life who specifically request surgical intervention. Ketamine
infusions may serve as an adjuvant to assist in pain control.

Prevention
The management of CRPS can be challenging, especially in

patients with later stages of the disease and/or longstanding
pain [266]. Recently, emerging evidence has suggested a
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role for CRPS prevention in patients following extremity
fractures. While such measures may serve to be beneficial,
robust clinical evidence is largely lacking at this time for
CRPS prevention to be included in standard clinical practice.

Multiple RCTs have demonstrated that daily administra-
tion of 500 mg of vitamin C decreases 1-year incidence of
CRPS following wrist fracture when compared to placebo
alone [1, 92, 267, 268]. Vitamin C is thought to be preventa-
tive by reducing local oxidative stress and thereby decreas-
ing the risk of CRPS development after a recent fracture or
orthopedic surgery. However, Keef and Keef [269] reported
that the prophylactic value of vitamin C after wrist frac-
ture has decreased over the past decade, with more recent
studies demonstrating no significant difference between the
experimental group that was treated with vitamin C and the
control group. Other authors recommend the administration
of vitamin C after foot and ankle surgery, although at sig-
nificantly higher dosages of 1000 mg [267, 268, 270]. While
the efficacy of vitamin C in preventing the onset of CRPS
is unclear, it is generally well tolerated with minimal side
effects and thus warrants more extensive study as a prophy-
lactic measure after extremity fractures.

With respect to preventative procedural interventions,
there is no clear evidence for the use of sympathetic blocks
or epidural procedures. Alimian et al. [270], however,
recently published successful use of vitamin C adjuvant
Bier blocks performed for a cohort of patients with dis-
tal radial fractures. In a total cohort of 74 patients, they
found that patients who received a Bier block with vita-
min C injectate were far less likely to develop CRPS across
a 12-week time frame. Studies exploring other regional
anesthesia injectates and strategies for CRPS prevention
are lacking.

Conclusion

CRPS leads to a constellation of progressive painful sen-
sory changes, vascular abnormalities, edema, extrem-
ity weakness or immobility, and trophic disturbances.
The diagnosis is clinical and requires the application of
the Budapest criteria (2012 TASP diagnostic criteria).
Although an uncommon phenomenon, those patients who
develop chronic CRPS suffer from a considerable health
burden. There is mounting evidence that the pathophysiol-
ogy involves inflammation and neuroinflammation, auto-
immunity, aberrations in autonomic processing, and both
peripheral and central sensitization. The best available
evidence coupled with standard clinical practice supports
modalities of physical restoration, steroids for acute CRPS,
analgesic anticonvulsants and antidepressants, sympathetic
blocks or short-duration opioids for engaging physical/
occupational therapy, topical analgesics, spinal cord or

@ Springer

dorsal root ganglion stimulation, topical or subanesthetic
ketamine, and intrathecal baclofen for dystonia. Emerg-
ing treatments discussed in this article such as scrambler
therapy, transcranial magnetic stimulation, botulinum
toxin, peripheral nerve stimulation, and immunoglobulin
therapy can be considered for patients whose care requires
less conventional treatment, and amputation only in end-
stage patients. Vitamin C as a preventive strategy may be
of value after a limb fracture.
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