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Subtypes of complex regional pain syndrome—a
systematic review of the literature

Lone Knudsen?, Lana Santoro®, Stephen Bruehl®, Norman Harden®, Florian Brunner®*

Abstract \
To systematically identify and summarize possible subtypes of complex regional pain syndrome (CRPS), we searched MEDLINE,

Embase, Cochrane, Scopus, and Web of Science for original studies reporting or investigating at least one subtype within a group of
patients with CRPS. The search retrieved 4239 potentially relevant references. Twenty-five studies met our inclusion criteria and
were included in the analysis. Complex regional pain syndrome phenotypes were investigated based on the following variables:
clinical presentation/sensory disturbances, dystonia, skin temperature, disease duration, onset type, CRPS outcome, and
neuropsychological test performance. Support was found for the following CRPS subtypes: CRPS type |, CRPS type Il, acute
CRPS, chronic CRPS, centralized CRPS, cold CRPS, warm CRPS, inflammatory CRPS, dystonic CRPS, nondystonic CRPS,
familial CRPS, and nonfamilial CRPS. It is unclear whether these are distinct or overlapping subtypes. The results of this
comprehensive review can facilitate the formulation of well-defined CRPS subtypes based on presumed underlying mechanisms.
Our findings provide a foundation for establishing and defining clinically meaningful CRPS subtypes, with the ultimate goal of

developing targeted and enhanced treatments for CRPS.
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1. Introduction

Complex regional pain syndrome (CRPS) is a primary pain
condition that is characterized by disproportional pain after an
initiating noxious event such as trauma or surgery.?® Clinical
manifestations are heterogenous and include sensory (allodynia,
hyperpathia), vasomotor and sudomotor (temperature asymme-
try, skin color changes, edema, sweating asymmetry), motor
(decrease of range of motion, weakness, tremor, dystonia), and
trophic changes of the hair, nails, and skin in the affected limb.2®
Although favorable prognosis has been described in some,®®
many patients develop chronic CRPS with persistent pain and
functional disability.®

From its inception as a diagnostic term in 1994, CRPS was
intended to serve as an umbrella diagnosis that encompassed a
variety of painful disorders.*® In the past, several attempts have
been made to classify this heterogenous condition into meaning-
ful clinical subtypes. For example, the original 1994 diagnostic

nomenclature specified 2 subtypes reflecting the previous
distinction between older diagnoses of reflex sympathetic
dystrophy and causalgia: CRPS type | (without major peripheral
nerve damage) and CRPS type Il (with major peripheral nerve
damage), respectively.*® However, despite increasing research in
the field of CRPS, current treatment regimens remain inadequate,
and it is unclear whether the CRPS type | vs CRPS type Il subtype
distinction meaningfully affects treatment outcomes.®

It is possible that to date, the lack of significant efficacy in large
pharmaceutical trials may arise because of the existence of
multiple CRPS subtypes in trial samples selected based on
current broad diagnostic criteria (eg, the new IASP criteria,
formerly known as the Budapest criteria) that dilute beneficial
treatment effects for a responsive patient subtype when grouped
together. Different disease mechanisms may underlie different
CRPS clinical phenotypes (ie, subtypes) and therefore may
require different types of treatments.® To develop more effective
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CRPS treatments, it is critical to identify relevant CRPS subtypes
(ideally reflecting CRPS mechanisms) that specific treatments
with known mechanisms of action can target (ie, precision
medicine). Several subtypes have been proposed in the literature,
but no systematic summary of the evidence is available. Hence,
the aim of this review was to systematically identify and
summarize the evidence for subtypes in CRPS.

2. Methods

This systematic review was conducted in accordance with the
recommendations by the Preferred Reporting ltems for System-
atic Reviews and Meta-Analyses (PRISMA statement),*® and the
study was registered in the Open Science Framework (https://
osf.io).

2.1. Search strategy

We performed a comprehensive electronic search in MEDLINE
(OvidSP), Embase (Elsevier), Cochrane, Scopus, and Web of
Science from inception to July 2022 to identify relevant
references. The terms for the search strategies were identified
through discussion between an information specialist and the
review team, by scanning the background literature and by
browsing the MEDLINE Thesaurus (MeSH). The combinations of
the following search keywords and MeSH terms were used in title,
abstract and keywords: “reflex sympathetic dystrophy,” “com-
plex regional pain syndrome,” ‘CRPS,” “algodystrophy,”
“Sudeck” AND “subgroup,” “subtype,” “subset,” “phenotype,”
“cluster.” The search was performed by a professional in-
formation specialist. To ensure the completeness of the literature
search, 2 reviewers who were experienced clinicians and
researchers in the field of CRPS screened bibliographies of all
included studies and retrieved articles in an additional hand
search. All potentially eligible references were included in the full-
text review (inclusion criteria applied).

2.2. Study selection and main outcome variables

The eligibility criteria for inclusion in the current systematic review
were (1) human studies, (2) established diagnosis of CRPS by
applying disease-specific diagnostic criteria, and (3) reporting of
at least one subtype (or subgroup, subset, phenotype or cluster)
within a CRPS sample. We applied no language restriction.
Opinion papers, letters, conference abstracts and review articles
were excluded.

2.3. Risk of bias assessment

The quality of all studies was assessed using the MINORS criteria
(methodological items for nonrandomized studies).*® These
criteria assess 8 critical aspects of study design for non-
comparative clinical studies and an additional 4 aspects of study
design for comparative clinical studies. Each item is given a score
of zero if information is not reported, one if information is reported
but inadequate, and 2 if information is reported and adequate.
The sum score results in a maximum score of 16 for non-
comparative studies and 24 for comparative studies. Each score
was then converted into a percentage to harmonize the scoring
system. Depending on the score achieved, studies were qualified
as either having low-risk of bias (=75%), moderate-risk of bias
(50% = score <75%), or high-risk of bias (<50%).

PAIN Reports®

2.4. Analysis

Citations from the initial search results of each database were
exported to EndNote (version X9.2, Clarivate Analytics, Phila-
delphia, PA), and duplicates were removed. The titles and
abstracts were screened and reviewed by 2 authors (L.K. and
F.B.). Then, full texts of potential studies were retrieved and
independently reviewed in detail for inclusion based on the
predetermined criteria. Discrepancies between the 2 authors
were resolved by discussion, and a third author (S.B.) was
consulted if consensus could not be reached.

One author (F.B.) extracted the data from the included
studies into a piloted standardized data collection form, and
another author (L.K.) cross-checked the extracted data. The
following data were extracted: author, year, study design,
diagnostic criteria, number of participants with CRPS and their
age, sex, site of CRPS, and disease duration. Subtypes were
investigated or identified, and the main findings were also
extracted.

3. Results
3.1. The flow of study selection

The search retrieved 8974 total records. With duplicates removed
before screening, there were 4239 potentially relevant references.
After screening titles and abstracts, the full text of 94 abstracts
was reviewed. Of these, 74 references were excluded because
they did not meet the inclusion criteria, leaving 20 included
studies. Five additional studies were added based on the hand
search.*26:30:51.52 | total, 25 studies were included in the final
analysis. Figure 1 provides the PRISMA flow diagram.

3.2. Characteristics of the included studies and the patients

The characteristics of the studies and the patient samples for
each are summarized in Table 1. The studies were published
between 2002 and 2022. In the majority of studies, the diagnosis
was based on the current International Association for the Study
of Pain (Budapest) criteria (N = 16),"49-18.18-23,25,80,88,39,55.57
Most studies employed a cross-sectional (N = 16)
4,11,14,15,20,21,23,25,26,30,39,51-55 or cohort (N — 6)1,8,9,13,18,38
design. Some of the studies limited the inclusion to patients with
CRPS type | (N = §)811805185 gnd some studies did
not report whether patients had CRPS type | or CRPS type
I (N = 6).1%1519258857 The mgjority of studies included
patients with upper and lower extremity CRPS (N =
15)'4,8,9,11,13—16,18,20,21,23,25,39,55,57 A total Of 4908 patients
(mean of 207 per study, range 37-1037) with a mean age of
46.9 years (SD 5.1) were included in the analysis. All studies
predominantly included female participants (mean 68.5%)
consistent with the sex difference previously noted in CRPS
prevalence.'®*® The mean disease duration across studies
ranged from 4 months*2° to 9.3 years®® (mean, 2.9 years).

3.3. Quality assessment

Allincluded studies were nonrandomized, which allowed the use of
the MINORS criteria for quality assessment. Scores averaged
69.3% (range, 37.5%-83.3%). Of the 25 studies included, 16 were
classified as having low risk of bias, !4:°-11:18:18.:21-28.25.26.30,51-54 g
studies with a moderate risk of bias,®#151920,38,39,55
with high risk of bias®” (Table 2).

and 1 study
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Identification of studies via databases and registers

Records removed before screening:

A\ 4

Duplicate records removed (n= 4735)

\4

Records excluded (n=4145)

Records excluded:

Records identified from:
5 Medline n= 1518
= Embase n= 1962
o Cochrane n= 339
= Web of Science n= 1638
5 Scopus n=3517
K=}
Total n= 8974
Records screened
(n=4239)
o
£
c
(1)
o v
(%)
(/2]
Records assessed for eligibility
(n=94)
—\ v
U . . . .
3 Studies included in review
= (n=25)
[%)
£

v

Not meeting inclusion criteria (n = 74)

Records added:
Identified in hand search (n= 5)

Study selection according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart.

3.4. Subtypes

Phenotyping in the included studies was based on the following
variables: clinical presentation/sensory disturbances, dystonia,
skin temperature (warm vs cold CRPS), disease duration, onset
type (CRPS type I, CRPS type I, familial CRPS, spontaneous
CRPS, traumatic CRPS), CRPS outcome, and neuropsycholog-
ical test performance. Two studies investigated subtypes based
on biomarkers of inflammation. Table 3 provides an overview of
the clinical phenotyping variables and the studies that looked at
the respective variables. It needs to be noted that some studies
looked at more than one variable.

3.4.1. Clinical/sensory phenotyping

Three studies examined clinical or sensory phenotyping variables
and found support for CRPS subtypes based on these data,
although the identified subtypes were not identical.® '8 In the
first study,® a cluster analysis based on the presence of signs/
symptoms within the 4 CRPS diagnostic sign/symptom domains
(pain/sensory abnormalities, vasomotor dysfunction, edema/
sudomotor dysfunction and motor/trophic changes) led to 3
possible subtypes: (1) a predominately vasomotor subtype, (2) a
predominately neuropathic pain/sensory abnormalities subtype,
and (3) a subtype described as florid CRPS with the presence of
broad CRPS features and the highest levels of motor/tropic signs
together with osteopenia on bone scan in the affected limb. Pain
duration did not differ between the 3 subtypes. Patients were
mainly CRPS type | (67 %). However, abnormalities on EMG/nerve
conduction velocity testing were most common in the
neuropathic/sensory abnormalities subtype, leading the authors

to conclude that differences between the vasomotor subtype and
the neuropathic/sensory abnormalities subtype may correspond
to CRPS type | and CRPS type II, respectively (low risk of bias).

In another low risk of bias cluster analysis, this time based on
objective CRPS signs only, Dimova et al."® identified 3 primary
CRPS subtypes: (1) a peripheral inflammation subtype that
experienced edema, skin color changes, skin temperature
changes, sweating, and tropic changes in the affected limb, (2)
a central subtype reflecting CNS pathophysiology (minor injury,
motor disturbances, allodynia, glove/stocking like sensory
deficits) who also experienced cold hyperalgesia in the affected
limb, and (3) a mixed subtype (combination of both subtypes
above). The 3 subtypes did not differ in relation to age, CRPS
duration, sex, or CRPS type | vs CRPS type Il. Fewer patients with
a cold limb were in the peripheral subtype (10%) than the mixed
subtype (25.9%), and the central subtype had more cases of
CRPS following minor injury than the peripheral and mixed groups
(low risk of bias).

In a third clinical/sensory phenotyping study, Lunden et al.*®
identified 3 CRPS subtypes based on the pattern of quantitative
sensory testing (QST) results: (1) a subtype with temperature
allodynia (to warm or cold), (2) a subtype with elevated warmth
and cold detection thresholds (compatible with small fiber
degeneration), and (3) a subtype with both elevated thermal
detection thresholds and temperature allodynia. Paroxysmal pain
(sudden stimulus-independent, electric shock-like pain) and
allodynia to touch were more prevalent in patients displaying the
thermal allodynia subtype (in particular cold allodynia) compared
with patients without thermal allodynia. The authors attributed
this to hyperexcitable superficial skin nociceptors and spinal
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Characteristics of the included studies.

Author, y
(reference)

Study design

Diagnostic criteria No. of participants Age (y)

with CRPS N, n (%)

Female Site

Disease
duration

Subgroups

Description

Alexander et al.,

2012"

Cluster analysis

IASP/Budapest N = 148 44.5 (range 20-68) 80
CRPS type I: 100

CRPS-type II: 48

NR

8.8y (range
0.7-36)

Two subgroups:

(1) Subgroup similar to healthy
controls

(2) Subgroup with elevated levels
of IL-1B, IL-4, IL-7, TNF-, SIL-
1R, sIL-2Ra, STNF-RI, STNF-RII,
IL-1Ra, and MCP-1

Evaluation of plasma levels of
cytokines, chemokines, and their
soluble receptors in CRPS
patients vs gender-matched and
age matched healthy controls
Significant changes were found
in CRPS patients compared with
healthy controls

Two clusters were identified in
CRPS subjects

TNF-o was the most important
category for cluster separation
When present, increased plasma
levels of TNF-alpha correlated with
disease duration and severity

Birklein et al.,

20144

Cross sectional

N =55
CRPS type I: 44
CRPS type II: 11

49.8 (SEM 1.8, 67
range 20-72)

|IASP/Budapest

UE,
LE

16 wk (range
3-920)

Two subgroups:
(1) Acute CRPS (<3 mo)
(2) Chronic CRPS (>3 mo)

Detection of keratinocyte and
mast cell proliferation in skin
biopsies from the CRPS limb and
the contralateral limb and
identification of the cellular
source of the upregulated TNF-
alpha, IL-6, and tryptase
Epidermal thickness and
keratinocyte expression were
increased in acute CRPS skin and
decreased in chronic CRPS skin.
Increases in TNF-alpha and IL-6
immunostaining were more
frequent in acute CRPS skin than
in chronic CRPS skin. Tryptase-
positive dermal mast cell
numbers were also increased in
acute CRPS skin but similar to
contralateral skin in chronic
CRPS skin. Numbers of tryptase-
labelled mast cells correlated
positively with temperature
asymmetry (warm CRPS limb)

Bruehl et al.,
20028

Cross sectional, cohort, cluster
analysis

IASP/Orlando N =113
CRPS type I: 113

CRPS type II: 0

41.3(SD 9.9) 62.5

UE,
LE

26.9 mo (SD
28.8)

Three subgroups:

(1) Vasomotor subgroup
(2) Neuropathic/sensory
abnormalities subgroup
(3) Florid CRPS subgroup

Cluster analysis based on signs
and symptoms of the diagnostic
criteria resulted in the 3
subgroups

|dentified subgroups did not differ
significantly regarding pain
duration. Rate of abnormalities
on EMG/nerve conduction
studies was most common in the
neuropathic/sensory
abnormalities subgroup

(continued on next page)

4

LLLL® (£202) 8 e e J0 Usspnuy, 7

eSHodaY NIvd



Table 1 (continued)

€202/ve/) | uo =97ZIMNEIDBPXZ068qe0A LOAEIDIASALLIAHPO0AEIEAHIDII/ADAUMY LX
OMADUQINXFOHISABZIUTMI+BFNJO! L WN0TZ LABYHJBSHINQUE Aq sidiured/woo mm) sfewnol//:diy woiy papeojumoq

Characteristics of the included studies.

Author, y
(reference)

Study design Diagnostic criteria

No. of participants
with CRPS N, n

Age (y)

Female Site Disease
(%) duration

Subgroups

Description

Bruehl et al.,
2016°

Prospective, between-subject, IASP/Budapest
and within-subject design, 3 mo

follow-up, cluster analysis

N =152
CRPS type I: 129
CRPS type I12: 23

46.4 (3D 13.4)

74.2 UE, 4.7 mo (warm
LE  CRPS)

20 mo (cold
CRPS)

Two subgroups:
(1) Warm CRPS
(2) Cold CRPS

Cluster analysis based on signs
and symptoms of inflammation
resulted in the 2 subgroups
Subgroups did not differ
significantly regarding pain
intensity

Pain duration was shorter in
warm CRPS (4.7 mo) than in cold
CRPS (20 mo). Inflammatory
score was elevated in warm
CRPS and decreased over the 3-
mo follow-up in warm CRPS but
did not change in cold CRPS

De Boer et al.,
2011

Cross sectional IASP/Orlando

N = 681
CRPS type I: 681
CRPS type II: 0

47.2 (SD 13.9)

82.8 UE, 14.4(QR
LE 3.6-73.2)

Four subgroups based on disease
duration:

(1) <2 mo

(2) 2-6 mo

(3) 612 mo

(4) >12 mo

Description and assessments of
signs and symptoms in relation to
disease duration

Sensory signs (allodynia,
hyperalgesia) and motor signs
(except limited range of motion)
occurred more in patients with a
longer disease duration (>6 mo)
than in patients with a shorter
disease duration

Vasomotor and sudomotor signs
were less frequent in patients
with longer duration (>6 mo)
Changes in nail growth (but not
skin or hair growth) were more
frequent in patients with longer
disease duration

De Mos et al.,
2009'°

Cluster analysis IASP/Budapest

N =102
CRPS type I: 99
CRPS type II: 3

51 (12-86)

79 UE, 5.8y (range:
LE  21-10.8)

Three subgroups:

(1) Best-outcome subgroup

(2) Moderate-outcome subgroup
(3) Poor-outcome subgroup

Retrospective analysis of
electronic patient records with
CRPS patients and reference
patients with an identical past
injury but without CRPS.
Patients with poor outcome
more often had cold upper
extremity CRPS with initiating
event other than fracture.
Disease duration did not differ
between the groups

More patients in the poor-
outcome group (based on the
number of signs and symptoms)
reported ongoing disease
progression, ongoing treatment,
and poorer work status

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.

Author, y Study design Diagnostic criteria No. of participants Age (y) Female Site Disease Subgroups Description
(reference) with CRPS N, n (%) duration
De Rooij etal.,  Cross sectional IASP/Orlando N = 271 36.7 (SD 14.5) 83 UE, NR Two subgroups: Evaluation of familial occurrence
2009" CRPS type I: NR LE (1) Familial CRPS subgroup in CRPS patients
CRPS type IIl: NR (2) Sporadic CRPS subgroup Familial CRPS patients had
younger age at onset, multiple
affected extremities, dystonia
De Rooij etal.,  Cross sectional IASP/Orlando N = 537 42.5 (SD 15.6) 78 UE, 1.1y (QR Two subgroups: Comparison of phenotypic
2010'° CRPS type I: NR LE  0.3-2.9) (1) Spontaneous onset of CRPS  characteristics of patients with
CRPS type II: NR (2) Trauma-induced onset of spontaneous and trauma-
CRPS induced CRPS
Patients with spontaneous onset
were younger at onset and had a
longer disease duration. Clinical
presentation was similar in the 2
groups
Dimova et al., Cluster analysis IASP/Budapest (research criteria) N = 1037 51.7 (SD 13.1) 72.5 UE, 9.4 mo (SD Three subgroups: Cluster analysis of CRPS signs
2020'® CRPS type I: 890 LE 15.8) (1) Peripheral inflammation resulted in the 3 subgroups
CRPS type II: 147 phenotype The phenotypes may reflect
(2) Central phenotype major pathophysiologic
(3) Mixed phenotype mechanisms of peripheral
inflammation and central
changes
The 3 subgroups did not differ in
relation to age, CRPS duration,
sex, or CRPS type l or Il
Dirckx et al., Retrospective IASP/Budapest N =48 47.8 (SD 10.0) 66.7 NR 6 mo (IQR Three subgroups: Assessment of signs of
2015 CRPS type I: NR 12.75) (1) Warm CRPS (AT = 0.60°C in  inflammation in warm, cold, and
CRPS type II: NR CRPS limb vs healthy limb) intermediate CRPS
(2) Cold CRPS (AT = 0.60°C No difference in TNF-alpha and
lower in CRPS limb vs healthy  IL-6 in artificial skin blisters on
limb) the affected and nonaffected
(3) Intermediate CRPS (neither  sides
cold nor warm) Longer CRPS duration and lower
age in cold CRPS than in warm
CRPS
Cold CRPS and intermediate
CRPS more often had signs of
allodynia
Drummond etal., Cross sectional IASP/Budapest N =37 47.2 (SD 11.1) 78.3 UE, 52.7 mo (SD Chronic CRPS (pain duration =  To determine whether a central
201420 CRPS type I: 29 LE 58.8) 66 = 14 mo) disturbance in somatosensory
CRPS type II: 8 processing contributes to limb

pain in CRPS.

Increase of pain in the CRPS limb
when ipsilateral forehead was
cooled in a subgroup with a
longer pain duration and more
pain in the CRPS limb

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.

Author, y
(reference)

Study design

Diagnostic criteria No. of participants

with CRPS N, n

Age (y)

Female Site
(%)

Disease
duration

Subgroups

Description

Drummond etal., Cross sectional
20182

IASP/Budapest (research criteria) N = 104
CRPS type I: 71
CRPS type II: 33

46.8 (3D 11.2)

70.2

UE,

LE

49.0 mo (SD
27.0)

Two subgroup analyses (A, B)
(A) 2 subgroups:

(1) CRPS type |

(2) CRPS type Il

and

(B) 3 subgroups:

(1) Acute CRPS (<12 mo)

(2) Intermediate CRPS (13-36
mo)

(3) Chronic CRPS (>36 mo)

Assessing hemisensory
disturbances in CRPS patients
Increase in sharpness ratings to
repeated pinprick was greater in
the ipsilateral than in
contralateral forehead in chronic
but not in intermediate and acute
CRPS

Patients with chronic CRPS were
more sensitive to thermal stimuli
on both sides of their body than
patients with acute or
intermediate CRPS

Cold-pain ratings were greater on
the ipsilateral than on the
contralateral side of the forehead
in patients with chronic CRPS but
not in patients with acute or
intermediate CRPS

Tactile detection threshold to
graded von Frey hairs was
elevated in the CRPS 2 limb
compared with contralateral limb
but was similar in the affected
and contralateral limb of patients
with CRPS type |

Also, sensitivity to pinprick was
lower in the CRPS limb of CRPS
type Il than in the CRPS type |
patients

Brush-evoked allodynia was
more common in the CRPS type Il
limb than in the CRPS type | limb
Patients with chronic CRPS type |
more often had pressure-pain
sensitivity and allodynia in the
uninjured limb on the symptomatic
side of the body than in patients
with chronic CRPS type |l

Drummond etal., Double-blind crossover trial
2018%

IASP/Budapest (research criteria) N = 90
CRPS type I: 59
CRPS type II: 31

471 (SD 11.3)

70

UE

52 mo (SD 70
mo)

Three subgroup analyses (A, B,
0)

(A) 2 subgroups

(1) Warm CRPS (=1.0°C higher
in CRPS limb vs healthy limb)
(2) Cold CRPS (=1.0°C lower in
CRPS limb vs healthy limb)

and

(B) 3 subgroups:

(1) Acute CRPS (<12 mo)

To evaluate whether upregulated
cutaneous expression of a1-
adrenoceptors is a source of pain
in CRPS

Skin biopsies of the CRPS limb
and the contralateral limb were
assessed for adrenoceptors
Evoked pain and responses to
pinprick was investigated to
intradermal injections of a1-

(continued on next page)

LLLLe (e202) 8

W00 suljuospodalured: Mmm



€202/v2/1 + uo =191ZIMNZIDBPXZDBBae0ALOAEIDYIASALLIAHPOOAEIEAHIDII/DAUMY X
OMADYOINXFOHISABZIU T +ByNIO! L WNo3z | ARYHJaSHNAYg Aq sidiuted/wod mm| sieuinol//:diy wolj papeojumoq

Table 1 (continued)

Characteristics of the included studies.
Author, y Study design

No. of participants Age (y) Female Site Disease Description

with CRPS N, n (%) duration

Diagnostic criteria Subgroups

8

(reference)

(2) Intermediate CRPS (13-36
mo)

(3) Chronic CRPS (>36 mo)
and

(C) 2 subgroups:

(1) CRPS type |

(2) CRPS type Il

adrenoceptor agonist
phenylephrine or a:2-AR agonist
clonidine in the CRPS limb and
the contralateral limb

No differences were seen
between thermal groups

a1-AR immunoreactivity was
greater in nerve bundles bilaterally
in CRPS patients than in controls
and was greater in dermal nerves in
the CRPS limb vs contralateral limb
irrespective of CRPS duration.
However, a1-AR immunoreactivity
was greater in nerve bundles of the
CRPS limb in patients with acute
than intermediate or chronic CRPS
but similar across duration in the
contralateral limb

There was greater a1-AR
immunoreactivity in nerve
bundles of the CRPS 2 limb than
in those of the CRPS type | limb.
Greater a1-AR immunoreactivity
was also seen in blood vessels in
both limbs of CRPS type Il than in
the limbs of CRPS type | patients
A difference in a1-AR
immunoreactivity in the
epidermis was seen with disease
duration in CRPS type | and type
II. For CRPS type II, it was greater
bilaterally in acute and
intermediate vs chronic, but the
opposite was seen in CRPS type |
A group of phenylephrine
responders emerged across
subgroups who became more
sensitive to pinprick and had greater
a1-AR in dermal nerve bundles

Eberle et al.,
20097

Cross sectional

|IASP/Budapest

N = 50
CRPS type I: 46
CRPS type II: 4

46.0 (SD 9)

92

UE,
LE

21.5 wk (SD
3.0)

Two subgroups:

(1) Warm CRPS (mean AT =
+1.0"in CRPS limb vs healthy
limb)

(2) Cold CRPS (mean AT = —
1.0°C in CRPS limb vs healthy
limb)

Investigation of clinical
differences in warm and cold
CRPS

Cold CRPS patients more often
reported a history of serious life
events, chronic pain disorders,
dystonia, cold-induced pain, and
sensory loss to QST

Warm CRPS was characterized
by mechanical hyperalgesia

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.

Author, y Study design Diagnostic criteria No. of participants Age (y) Female Site Disease Subgroups Description
(reference) with CRPS N, n (%) duration
Escolano etal.,  Cross sectional IASP/Budapest N = 38 48.0 62.3 UE, 16.9 wk MMP-2 Comparison of MMP-2 and
2021%° CRPS type I: NR LE MMP-9 MMP-9 concentrations in skin
CRPS type IIl: NR and serum of patients with CRPS,
other pain diseases, and healthy
subjects

Low ipsilateral MMP-2 was
associated with trophic changes
Contralateral MMP-2 was
associated inversely with CRPS
severity

Higher MMP-9 was associated
with higher CRPS severity

Gierthmiihlen Cross sectional
etal, 2012%

IASP/Orlando and IASP/Budapest N = 344 52.7 (SD 12.7) 78.8 UE  23.2(SD 34.4) Two subgroups: To investigate somatosensory
CRPS type I: 298 (1) CRPS type | signsin CRPS type I, CRPS type I,
CRPS type II: 46 2) CRPS type I and peripheral nerve injury using

QST

CRPS types | and Il had similar
somatosensory profiles in terms
of hyperalgesia, allodynia, and
thermal detection thresholds, but
a loss of mechanical detection
was more frequent in CRPS type
II. Pressure hyperalgesia was
most frequent in both CRPS types
|'and Il compared with peripheral
nerve injury. Hyperalgesia/
allodynia without the loss of
detection (only gain) was more
common in CRPS type | than in
CRPS type II. Correlations with
symptom duration were mild.
Small fiber deficits were less
frequent than large fiber deficits

Huge et al., Cross sectional
2008%°

IASP/Budapest (research criteria) N = 65 59.1 (SD 12.9) 88.5 UE 224 (SD 20.4) Two subgroups: Investigation of thermal QST in
CRPS-type I: 65 (1) Acute CRPS (=12 mo) acute and chronic CRPS patients
CRPS-type II: 0 (2) Chronic CRPS (>12 mo) vs a group of gender-matched

and age-matched healthy
controls

Patients with acute CRPS
experienced warm and cold
hyperalgesia and warm and cold
hypoesthesia in the CRPS limb.
Thermal hyperalgesia was lower
in chronic CRPS, and warm and
cold hypoesthesia was worse in
chronic than in acute CRPS. Only

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.

Author, y Study design

(reference)

Diagnostic criteria

No. of participants

with CRPS N, n

Age (y)

Female Site Disease

(%)

duration

Subgroups

Description

patients with acute CRPS had
paradoxical heat sensations. All
QST changes were somewhat
present in the contralateral limb
Patients with chronic CRPS had a
cold CRPS limb and patients with
acute CRPS a warm CRPS limb

Libon et al., Cluster analysis

2010%

IASP/Budapest (research criteria) N = 137

CRPS type I: NR
CRPS type II: NR

43.8 (SD 11.9)

77.9

NR

NR

Three subgroups based on
cognitive function:

(1) Normal

(2) Dysexecutive

(3) Global dysfunction

To elucidate the existence of
neuropsychological subtypes
using tests that assess executive
control, naming/lexical retrieval,
and declarative memory. Limb
pain and depression were also
assessed

Cognitive function subgroups did
not differ in level of pain, CRPS
duration, medication use, or
number of limbs with CRPS.
Neuropsychological variables did
not covary with depression

Lunden et al., Cross sectional

2022%°

IASP/Orlando and IASP/Budapest N = 61

CRPS type I: 43
CRPS type II: 18

38.7 (spread not
reported)

45.9

UE,
LE

5y (spread not
reported)

Three subgroups:

(1) Thermal allodynia

(2) Thermal hyposensitivity
(3) Thermal allodynia und
hyposensitivity

Investigation of whether the 3
QST subgroups differ with
respect to limb pain
characteristics

Paroxysmal pain (sudden
stimulus—independent electric
shock—like pain) was more
prevalent in patients with thermal
allodynia than in patients without
allodynia

No difference between CRPS type
| 'and type Il

Van Rooijen Cross sectional

etal.,, 2012%

IASP/Orlando (CRPS 1 with
dystonia) and IASP/Budapest
(research criteria) (CRPS 1
without dystonia)

N = 281
CRPS type I: 281
CRPS type II: 0

44,5 (D 12.5)

59.4

NR

5.5y (QR
6.5-9.8)

Two subgroups:
(1) With dystonia
(2) Without dystonia

To test the genetic association
with HLA-B62 and HLA-DQ8 in
CRPS patients

CRPS with and CRPS without
dystonia may be genetically
different but overlapping disease
entities because only HLA-DQ8 is
associated with both

Van Rooijen Cross sectional

etal., 2013%

IASP/Orlando

N = 48
CRPS type |: 48
CRPS type II: O

46.7 (SD 12.1)

72.9

UE

9.3y (OR
3.5-14.7)

Two subgroups:
(1) With dystonia
(2) Without dystonia

To compare sensory function
using QST between patients with
dystonia, without dystonia, and
healthy controls and to compare
sensory functions with motor
performance

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.

Author, y Study design
(reference)

Diagnostic criteria No. of participants Age (y) Female Site Disease

with CRPS N, n (%) duration

Subgroups Description

Both patients with and without
dystonia had a loss of function to
warmth detection, cold detection,
and a gain of function to cold pain
and pressure pain in the CRPS
limb

In addition, patients with dystonia
experienced a loss of function for
vibration detection and 2-point
discrimination had a greater gain
of function for pressure pain than
patients without dystonia
Patients with dystonia were
slower at recognizing their
affected limb than those without
dystonia and had poorer finger
tapping performance than those
without dystonia. Pressure-pain
thresholds correlated with
performance on finger tapping in
all 3 groups and with dystonia
severity

Van Rooijen
etal, 2013%2

Cross sectional

IASP/Orlando N = 48
CRPS type I: 48
CRPS type II: 0

46.4 (D 12.1)

729

UE

10.0 (SD 7.4)

Two subgroups:
(1) With dystonia
(2) Without dystonia

To investigate sensory function
using QST in unaffected limbs
and cheeks of CRPS patients with
and without dystonia and
compare them with healthy
controls

Pressure hyperalgesia was the
most prominent finding at all
unaffected sites in both patients
with and without dystonia.
Patients with and without
dystonia were similar apart from
a lower vibration threshold in
patients with dystonia

Vaneker et al., Cross sectional

2005%*

Veldman N =47
CRPS type |: 47
CRPS type II: 0

58 (SD 15)

70

UE

NR

Two subgroups:

1) Warm CRPS (mean AT =
+0.65 in CRPS limb vs healthy
limb)

(2) Cold CRPS (mean AT = —
0.78°C in CRPS limb vs healthy
limb)

To identify altered patterns of
sensory processing using QST 8
y after diagnosis, to document
differences in sensory
processing between warm and
cold CRPS, and to determine
relationships between changes
in sensory processing and
disease progression regarding
pain

Patients with cold CRPS had
poorer clinical pain outcome, and

(continued on next page)
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Table 1 (continued)

Characteristics of the included studies.
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Author, y
(reference)

Study design

Diagnostic criteria

No. of participants Age (y)

with CRPS N, n

Female Site Disease
(%) duration

Subgroups

Description

more signs of central
sensitization which increased
with disease progression.
Pressure-pain thresholds were
lower in the CRPS limb in both
groups and with disease
progression

Varenna et al.,
2016%°

Cross sectional

IASP/Budapest (research criteria)

N =194
CRPS type I: 194
CRPS type II: 0

57.1 (3D 12.9)

62.9 UE, 4 mo (range
LE 2-6)

Two subgroups:

(1) Warm CRPS

(2) Cold CRPS

Definition of warm vs cold not
reported

To assess whether the
effectiveness of bisphosphonates
in CRPS patients is influenced by
variables related to patient and/or
disease characteristics
Responsiveness to
bisphosphonates was predicted
by warm disease subtype, shorter
CRPS duration, and fracture as
initiating event

Zyluk et al.,
2013%

Observational (registry)

IASP/Budapest

N = 220 NR
CRPS type I: NR
CRPS type II: NR

NR UE, NR
LE

Three subgroups:

(1) Acute CRPS

(2) Chronic CRPS

(3) Chronic, refractory CRPS

Analysis of institutional CRPS
register with particular attention
to a chronic, refractory CRPS
subtype that is extremely severe,
has a disabling course, and is
resistant to treatment

All patients with chronic
refractory CRPS were female,
and all experienced neurological
symptoms (hyperpathia,
allodynia, tremor, muscle
cramps, dystonia)

cl
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AR, adrenoreceptor; CRPS, complex regional pain syndrome; HLA, human leucocyte antigen; IASP, International Association for the Study of Pain; IL, interleukin; LE, lower extremity; MMP, metallproteinase; NR, not reported; PTSD, posttraumatic stress syndrome; QST, quantitative sensory testing; TNF, tumor
necrosis factor; UE, upper extremity; AT, temperature difference.
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central sensitization in these patients. Pain intensity and distri-
bution of CRPS type | and type Il did not differ between the 3
subtypes and, thus, pain appeared to be unrelated to small nerve
fiber degeneration. The authors did not assess for any relation to
disease duration (moderate risk of bias).

3.4.2. Phenotyping based on dystonia

Differences between CRPS patients with vs without dystonia
have been investigated in 3 studies.®’® Van Rooijen et al.?®
assessed whether patients with and without dystonia (all CRPS
type |) differ genetically on alleles of the human leukocyte antigen
system (HLA). Human leukocyte antigen-B62 was associated
with CRPS with dystonia, whereas HLA-DQ8 was associated
with both subgroups (compared with healthy controls), suggest-
ing that CRPS subtypes with and without dystonia may be
genetically different but overlapping disease entities (low risk of
bias).

Another study examined the relation between sensory
function assessed using QST and motor performance in CRPS
with and without dystonia, as well as in healthy controls.®’ The
CRPS without dystonia subtype showed a loss of function to
warmth detection, cold detection, and a gain of function to
cold pain and pressure pain in the CRPS limb. The CRPS with
dystonia subtype experienced a similar loss and gain of
function but in addition experienced a loss of function for
vibration detection and two-point discrimination and had a
greater gain of function for pressure pain than the CRPS
without dystonia subtype. Patients with the CRPS with
dystonia subtype were also slower at recognizing the affected
limb than those with the CRPS without dystonia and performed
more poorly on finger tapping than those with the CRPS
without dystonia subtype. Pressure-pain thresholds inversely
correlated with performance on finger tapping in all 3 groups
and with dystonia severity, suggesting that muscle hyper-
algesia in the CRPS limb may contribute to motor impairments
(low risk of bias).

To see whether sensory dysfunction is widespread throughout
the body in CRPS patients and whether it relates to the presence
of dystonia, the third study investigated sensory function using
QST in unaffected body parts of CRPS patients.®? Widespread
muscle hyperalgesia, in particular to pressure, was found in
unaffected body parts. No differences were found between
dystonia-related CRPS subtypes except for lower vibration
thresholds relative to the unaffected leg of CRPS patients with
dystonia (low risk of bias).

3.4.3. Phenotyping based on skin temperature

Six studies investigated subtypes based on whether the skin
temperature of the CRPS limb could be classified as warm or cold
relative to the unaffected limb.% 1922238485 |n some studies,
support for warm and cold CRPS subtypes was found.®-19:23:54.55
Definitions of what constitutes a warm and cold CRPS limb
differed slightly between the studies, ranging from a difference of
0.60°C to 1.0°C between the CRPS limb and the contralateral limb
(Table 1). One of the studies matched a group of patients with
warm CRPS with a group of patients with cold CRPS in terms of
age, sex, affected limb, CRPS duration, and type of CRPS (CRPS
type | and CRPS type II).22 This study found that patients with the
cold CRPS subtype more often reported serious life events, other
chronic pain disorders, CRPS-related dystonia, cold-induced
pain, and sensory loss on QST assessment in the CRPS limb,
whereas patients with the warm CRPS subtype predominantly

Www.painreportsonline.com 13

experienced mechanical hyperalgesia in the CRPS limb®® (low
risk of bias).

Vaneker et al.”" used QST to explore differences in sensory
processing between warm and cold CRPS subtypes 8 years after
diagnosis. All patients had CRPS type I. Both the warm and cold
subtypes exhibited pressure hyperalgesia in the affected limb and
a worsening of this with disease progression. However, 8 years
after diagnosis, patients initially diagnosed with the cold CRPS
subtype had poorer clinical outcomes and showed persistent
signs of central sensitization. Patients with cold CRPS also
experienced more pain from electrical stimulation than those with
the warm CRPS subtype (moderate risk of bias).

Three studies looked at the relation of skin temperature in the
CRPS limb with inflammation. 92255 Dirckx et al.'® conducted a
retrospective analysis of CRPS patients to assess signs of
inflammation in patients with warm, cold, and intermediate
temperature subtypes. Proinflammatory cytokine levels (tumor
necrosis factor-alpha [TNF-alpha] and interleukin-6) were de-
termined in fluid from artificially induced suction blisters made on
the CRPS limb and the contralateral limb. The 3 subtypes did not
differ in levels of these proinflammatory cytokines in the CRPS
limb vs the contralateral limb. Nonetheless, compared with the
warm CRPS subtype, the cold CRPS subtype consisted of
younger patients with longer CRPS duration. The authors did not
report whether patients were CRPS type | and/or CRPS type |l
(moderate risk of bias). In another study, a cluster analysis based
on signs and symptoms of inflammation in predominantly CRPS
type | patients (85%) found evidence for a warm CRPS subtype
characterized by a warm, red, edematous, sweaty extremity, and
a statistically distinct cold CRPS subtype marked by a cold, blue,
and less edematous limb. Pain duration was again longer in
patients with the cold CRPS subtype. However, 16% of patients
in the cold CRPS group had a pain duration of <6 months.
Patients initially displaying the warm CRPS subtype scored higher
than the cold CRPS subtype on a clinically derived inflammation
score, although inflammation decreased over the 3-month follow-
up. This pattern was not observed in cold CRPS.® The 2 subtypes
did not differ regarding pain intensity (low risk of bias).

In another study addressing warm vs cold CRPS subtypes,
Varenna et al.®® assessed whether the effectiveness of
bisphosphonates in CRPS type | patients was influenced by
several clinical and demographic factors, including warm vs cold
subtypes. Responsiveness to bisphosphonates was predicted by
displaying the warm CRPS subtype, as well as shorter CRPS
duration and fracture as an initiating event (moderate risk of bias).

Drummond et al.22 evaluated whether upregulated cutaneous
expression of a1-adrenoceptors (a1-AR) is a source of pain in
CRPS patients by comparing patients and healthy controls. They
also looked at CRPS subtypes based on limb temperature (warm,
cold, indeterminate) among other subgroup analyses (CRPS
duration, CRPS type | vs type ll). «1-AR immunoreactivity was
greater in nerve bundles of the reticular dermis (but not in the
epidermis and blood vessels) of CRPS patients than healthy
controls both in the CRPS limb and the contralateral limb. «1-AR
immunoreactivity was also greater in the affected than in the
contralateral limb. Greater a1-AR immunoreactivity of nerve
bundles may be associated with pain in CRPS because a1-AR
immunoreactivity was greater in dermal nerve bundles in the
CRPS limb of a possible CRPS subtype that experienced evoked
pain and pinprick hyperalgesia to injection of the a1-AR agonist
phenylephrine. However, a1-AR immunoreactivity was similar in
patients with the cold vs warm subtypes (and the undetermined
thermal subtype) for all regions of interest (nerve bundles,
epidermis, and blood vessels) (low risk of bias).

|54
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Individual risk of bias assessment using the methodological items for nonrandomized studies criteria.

Author, year Clearly Inclusion of Prospective Endpoints Unbiased Follow-up period <5% loss Prospective Adequate Contemporary Baseline Adequate Total Risk of
(reference) stated consecutive data appropriate to  assessment of appropriate to to follow- calculation of  control groups equivalent statistical score bias
aim patients collection study aim study endpoint  study aim up study size group groups analysis (%)
Alexander 2 1 2 2 1 2 0 2 2 2 2 2 83.3% Low
etal., 2012
Birklein et al., 2 1 2 2 2 2 0 0 2 2 2 2 79.2% Low
20144
Bruehl etal., 2 1 2 2 0 2 0 0 NA NA NA NA 56.3% Moderate
20028
Bruehletal., 2 1 2 2 2 2 1 0 NA NA NA NA 75.0% Low
2016°
De Boer etal., 2 2 2 2 0 2 2 0 N/A N/A N/A NA 75.0% Low
2011"
De Mos etal., 2 0 2 2 0 2 1 0 2 2 2 2 70.8% Low
2009'3
De Rooij etal., 2 0 2 2 0 2 0 2 2 1 1 2 66.7% Moderate
2009'4
De Rooijetal., 2 0 0 2 1 2 0 0 2 2 0 2 54.2% Moderate
2010'®
Dimova etal., 2 2 2 2 2 2 0 0 NA NA NA NA 75.0% Low
2020'®
Dirckx etal., 2 0 0 2 2 2 0 0 2 2 0 2 58.3% Moderate
2015
Drummond 2 0 2 2 1 2 0 0 2 2 0 2 62.5% Moderate
etal, 20142
Drummond 2 0 2 2 1 2 2 1 NA NA NA NA 75.0% Low
etal.,, 2018%
Drummond 2 0 2 2 2 2 0 0 2 2 2 2 75.0% Low
etal., 2018%
Eberle etal., 2 2 2 2 2 2 0 0 2 2 2 2 83.3% Low
20092
Escolano- 2 1 2 2 0 2 0 0 2 2 2 2 70.8% Low
Lozano et al.,
20212
Gierthmuhlen 2 1 2 2 1 2 0 0 2 2 1 2 70.8% Low
etal, 2012%
Hugeetal., 2 2 2 2 1 2 0 0 2 2 2 2 79.2% Low
2008
Libonetal., 2 2 2 2 0 2 0 0 NA NA NA NA 62.5% Moderate
20108
Lundenetal., 2 0 0 2 2 2 0 0 NA NA NA NA 50.0% Moderate
2022%°

(continued on next page)
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® 3.4.4. Phenotyping based on markers related to
] i< inflammation
=X 8 =
£3 § L% § § = 2 Two studies investigated subtypes based on markers related to
S O O O ¥ inflammation.?° Alexander et al.” evaluated plasma levels of
g gg g E E g 5 g cytokines, chemokines, and their soluble receptors in CRPS
patients compared with gender-matched and age-matched
. healthy controls. Using cluster analysis, 2 distinct clusters were
= g é identified in CRPS patients: a subtype with levels similar to healthy
g TS controls (noninflammatory subtype) and a subtype with elevated
SeE N NN == levels of most plasma cytokines and soluble receptors (in-
= flammatory subtype). There was no difference in CRPS duration
é § Q between the 2 groups. However, in the inflammatory subtype,
§ EX < = increased plasma levels of TNF-alpha correlated positively with
B[O N == disease duration. No difference in inflammatory markers between
e CRPS type | and CRPS type Il subtypes was observed. Additional
= cluster analyses confirmed the positive correlations between
E 8 TNF-alpha levels and both CRPS duration and severity in those
§ g _ N N N = = patients with elevated levels of TNF-alpha who did not have an
increase in its soluble receptor sTNF-RIl. For patients with
§ = increased levels of the interleukin IL-1beta (and the interleukin
gE §' soluble receptor slL-1RlI) without an increase in the interleukin
285|«~ o o~ o = 2 soluble receptor sIL-1RIl and the interleukin 1 receptor antagonist
IL-1Ra, IL-1beta levels similarly correlated positively with both
@ E . CRPS duration and severity (low risk of bias).
'§ % N Escolano-Lozano et al.?® compared matrix metalloproteinases
288 (MMP)-2 and MMP-9 concentrations in skin and serum of
§ SE|o = o = o - patients with CRPS, patients with other pain conditions, and
9 4 healthy controls and related this to clinical data and QST results.
=R The authors did not report the proportion of CRPS type | vs CRPS
E % f 2| o o o o type Il patients in the sample. These 2 enzymes play an important
50T a role in inflammation. Matrix metalloproteinases-2 was increased
213 bilaterally in the skin of CRPS patients and MMP-9 in the
§ E::_ﬁ ipsilateral CRPS skin relative to non-CRPS controls. Findings
» g-,‘g = suggested that MMP-2 and MMP-9 are differently expressed
§ g §_§, depending on the clinical phenotype of CRPS; low ipsilateral
‘€ E gg o la 1o la 1o o MMP-2 was associated with trophic changes, and contralateral
-§ MMP-2 was associated inversely with CRPS severity. Higher
(I ipsilateral and contralateral MMP-9 was associated with higher
§ E g_ CRPS severity (low risk of bias). These patterns of MMP-2 and
5 g g E MMP-9 may support distinct inflammatory subtypes of CRPS.
2238
EISEE | — — o N N
% P 3.4.5. Phenotyping based on disease duration
% 2 ‘3 £ Five studies explored CRPS subtypes related to disease dura-
S|85% tion,#1121:2230 As mentioned earlier in the section on skin
e temperature phenotyping, Drummond et al.?? also evaluated
% e ~ “ « ~ T upregulated cutaneous expression of a1-AR in relation to CRPS
£ § = duration in a study with a low risk of bias. Three rationally derived
% f:f_a_ % duration categories were predetermined: (1) acute CRPS, <12
288 % months; (2) intermediate CRPS, 11-36 months; and (3) chronic
-2 il D B A N I CRPS, >36 months. a1-AR immunoreactivity was greater in nerve
tle o bundles within the CRPS limb of patients with the acute CRPS
g g % - subtype compared with both the intermediate and chronic CRPS
§ a § I subtypes but was similar across duration subtypes in the
21288 |. |- |- la la la contralateral limb. Furthermore, «1-AR immunoreactivity was
S greater on dermal nerves in the CRPS Imb than that in the
S g %'E contralateral limb irrespective of CRPS duration subtype. However,
'§. e S 2 E I~ ~ I~ ~ N — a1-AR immunoreactivity in the epidermis was greater bilaterally in
§ ﬁ 3 o g |l= |= patients with the acute or intermediate CRPS subtypes compared
] % 5 §g ig 82| w g |= with the chronic subtype for patients with CRPS type Il, whereas the
Z, 3|58 |ET|8T8 S|gz, %b‘i By opposite was seen in CRPS type I. Furthermore, a1-AR immuno-
2 2|2 g §S|EZ|82|8E|s8|28 reactivity on blood vessels was greater in the acute CRPS subtype
~EERS than either the intermediate or chronic CRPS subtype.
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Summary of the variables used to phenotype patients in the
included studies.

Variables Studies [references]

Clinical/sensory phenotyping 81839

Dystonia 51-83

Skin temperature 9,19,22,23,54,55

Biomarkers of inflammation 125

Disease duration 4,11,21,22,30

Onset type
CRPS type | and CRPS type I 21,22,26
Familial CRPS 14
Spontaneous CRPS 15
Traumatic CRPS 15
CRPS outcome 13,20,57

Neuropsychological test performance

CRPS, complex regional pain syndrome.

38

Another study by Drummond et al.?! assessed hemisensory

disturbances in relation to the same CRPS duration subtypes
above (acute CRPS, <12 months; intermediate CRPS, 11-36
months; chronic CRPS, >36 months). In both, CRPS type | and
CRPS type IlI, the distribution and intensity of mechanical
hyperalgesia was similar in patients with acute, intermediate,
and chronic CRPS, but patients with the chronic CRPS subtype
experienced increased cold pain ratings and increased sharp-
ness ratings to repeated pinprick in the ipsilateral forehead
compared with the contralateral forehead. This was not seen in
the acute or intermediate CRPS subtypes. Patients with chronic
CRPS subtype was also more sensitive to thermal stimuli on both
sides of their body than those with the acute or intermediate
CRPS subtypes and was more likely to experience pain in an
additional limb. These findings together suggest that heightened
excitability of nociceptive pathways spreads centrally with
increasing CRPS duration, for instance, to sensory convergence
points in the brain stem or higher brain centers (low risk of bias).

De Boer et al."" studied CRPS duration subtypes based on
slightly different disease durations than Drummond et al.?? (<2
months, 2—6 months, 6-12 months, >12 months) and looked at
the presenting signs and symptoms for each subtype in patients
with CRPS type |. Sensory signs (allodynia, hyperalgesia) and
motor signs (except limited range of motion) occurred more
frequently in patients with a longer disease duration subtype (>6
months) than those with a short disease duration subtype (<2
months), with similar differences regarding changes in nail growth
(but not skin or hair growth). Vasomotor and sudomotor signs
were less frequent in patients with longer disease duration (>6
months) (low risk of bias).

Birklein et al.* separated CRPS patients (type | and II) into 2
duration subtypes based on a 3-month CRPS duration cutoff
(acute CRPS, <3 months, and chronic CRPS, >3 months) when
looking at keratinocyte and mast cell proliferation in CRPS skin
biopsies and identifying the cellular source of upregulated TNF-
alpha, IL-6, and tryptase. Epidermal thickness and keratinocyte
expression was increased in CRPS affected skin compared with
the contralateral skin of patients with acute CRPS and decreased
in affected skin of patients with chronic CRPS. Increases in TNF-
alpha and IL-6 were more frequent in affected skin from acute
CRPS patients than in those with chronic CRPS. Furthermore,
tryptase-positive dermal mast cell numbers were increased in
affected skin of acute CRPS patients but similar to the
contralateral limb in patients with chronic CRPS. Temperature
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asymmetry (warm CRPS limb) correlated positively with the
number of tryptase-labelled mast cells (low risk of bias).

Huge et al.° defined CRPS duration subtypes based on the
sequential stages proposed by Bonica® with a time since inciting
injury of 12 months or below defined as an acute CRPS subtype
and a time since injury above 12 months as a chronic CRPS
subtype. Thermal QST was investigated in the CRPS limb and the
contralateral limb compared with a group of age-matched and
gender-matched healthy controls. Patients with the acute CRPS
subtype experienced warm and cold hyperalgesia, as well as
warm and cold hypoesthesia, in the CRPS limb relative to the
contralateral limb. Thermal hyperalgesia was not as severe as in
the chronic CRPS subtype, and warm and cold hypoesthesia
were more severe in the chronic CRPS subtype compared with
acute CRPS. Only patients with the acute CRPS subtype
experienced paradoxical heat sensations. All QST changes were
also somewhat present in the contralateral limb relative to healthy
controls. The difference in skin temperature between the acute
and chronic CRPS subtypes was significant with a warmer CRPS
limb in the acute subtype and a colder CRPS limb in the chronic
subtype compared with the contralateral limb (low risk of bias).

3.4.6. Phenotyping based on onset type

Five studies considered whether the type of initiating event or
injury including major peripheral nerve lesion (CRPS type | vs
CRPS type l) are relevant for subtyping patients.'#1521.22:26

In the previously mentioned study by Drummond et al.?2 who
investigated the involvement of a1-AR in CRPS, subtyping by
CRPS type | vs CRPS type Il was also assessed. On average, a1-
AR immunoreactivity in CRPS-affected skin was greater in nerve
bundles of patients with CRPS type Il than in those of patients with
CRPS type |, particularly within the distribution of the injured
nerve. However, no difference was seen for the contralateral limb.
Furthermore, a1-AR immunoreactivity was greater on dermal
nerves in the CRPS limb than the contralateral limb irrespective of
CRPS type | or CRPS type II. Both patients with CRPS type | and
CRPS type Il were among the subgroup of patients who
experienced increased pain and hyperalgesia to phenylephrine
injection. As mentioned above, a difference in a1-AR immuno-
reactivity over time was noted across the CRPS type | and CRPS
type Il subtypes, with a1-AR immunoreactivity in the epidermis
being greater bilaterally in CRPS type Il patients with the acute or
intermediate subtype compared with patients with chronic CRPS
type Il, whereas the opposite pattern over time was seen in CRPS
type |. a1-AR immunoreactivity on blood vessels was greater in
both limbs of patients with CRPS type Il compared with patients
with CRPS type | (low risk of bias).

In the study on hemisensory disturbances described pre-
viously, Drummond et al.?" also included CRPS type | and CRPS
type Il as formal subtypes. Patients with the CRPS type | subtype
were more often female and more often had pain in more than one
limb than those with the CRPS type Il subtype. Sensory deficits
and allodynia were more common in the CRPS-affected limb in
patients with CRPS type Il than in those with CRPS type |, but
CRPS type | patients with the chronic CRPS subtype more often
had pressure-pain sensitivity and allodynia in the uninjured limb
on the symptomatic side of the body than in patients with chronic
CRPS type Il. Hyperalgesia to repeated pinprick was greater in
the forehead ipsilateral to the CRPS limb than contralaterally in
both chronic CRPS type | and chronic CRPS type Il but not in
intermediate and acute CRPS. Thermal thresholds and thermal
ratings were similar in CRPS type | and CRPS type Il (low risk of
bias).
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Gierthmiihlen et al.?® also investigated differences in somato-

sensory signs between CRPS type | and CRPS type Il subtypes
using a full QST battery in the affected limb. Patients with CRPS
type | and type Il had almost identical sensory profiles in terms of
hyperalgesia, allodynia, and thermal detection thresholds,
although aloss of mechanical detection occurred more frequently
in patients with the CRPS type Il subtype. Correlations between
QST findings and symptom duration were only modest.
Hyperalgesia/allodynia without loss of detection (only gain) was
more common in the CRPS type | subtype than in the CRPS type
Il (low risk of bias).

De Rooij et al.’ studied a possible familial CRPS subtype by
evaluating families with a history of CRPS and comparing clinical
characteristics of these patients with those of nonfamilial CRPS.
Overall, patients with the familial CRPS subtype had younger age
at onset, CRPS that more often affected multiple extremities, and
more frequent dystonia. The study did not report whether patients
had CRPS type | or CRPS type Il (moderate risk of bias).

In another study by de Rooji et al.,'® a cross-sectional
exploration to compare phenotypic characteristics of patients
with spontaneous CRPS vs trauma-induced CRPS was per-
formed. Findings suggested that patients with the spontaneous
CRPS subtype were younger at CRPS onset and had a longer
disease duration. Clinical presentation and sex distribution were
similar in both subtypes. Again, the authors did not address
whether patients had CRPS type | or CRPS type Il (moderate risk
of bias).

3.4.7. Phenotyping based on clinical outcome

In 3 studies, possible CRPS subtypes were based on the long-
term clinical outcomes of CRPS.132°57 de Mos et al.'® employed
cluster analysis to derive 3 subtypes based on CRPS outcome
(best, moderate, and poor) as reflected in the number of signs and
symptoms that were present 2 years or more after the onset in a
group of mainly CRPS type | patients (97%). Patients with the
poor outcome subtype more often had upper extremity CRPS
and a cold CRPS phenotype and less often reported fractures as
the initiating event. Patients with the poor outcome subtype also
reported ongoing disease progression and adjustments in
employment (ie, stopped working or working with adaptations).
All patients with the poor outcome subtype still fulfilled the IASP
CRPS criteria at the time of follow-up assessment. No difference
in CRPS duration was observed between the outcome groups
(low risk of bias).

Drummond and Finch®® used a cross-sectional design to
determine whether clinical characteristics differed between 2
CRPS subtypes: (1) patients who experience a pain increase in
the CRPS limb to forehead cooling and (2) patients who do not
experience a pain increase to forehead cooling. Patients who
experienced a pain increase to forehead cooling also experienced
greater pain in the CRPS limb before forehead cooling and were in
general more sensitive to stimuli on the forehead, in particular on
the side ipsilateral to the CRPS limb, and were more sensitive to
pressure pain in the limbs. Together, this led the authors to
conclude that the pain increase group was experiencing a
disturbance in central somatosensory processing and pain
modulation. Pain duration was greater in patients with this central
somatosensory disturbance subtype. The subtypes did not differ
in terms of proportion of CRPS type | vs CRPS type Il (moderate
risk of bias).

Finally, through an observational review of an institutional
CRPS registry, Zyluk and Puchalski®” identified acute, chronic
(3-6 months after onset), and refractory CRPS subtypes.
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Specifically, findings highlighted the importance of recognizing
the chronic refractory subtype because of its extremely severe
disabling course and resistance to treatment. The authors noted
that their refractory subtype group consisted exclusively of
women aged 18 to 40 years, and neurological symptoms were
always present (hyperpathia, allodynia, tremor, muscle cramps,
dystonia). However, this study had a high risk of bias.

3.4.8. Phenotyping based on neuropsychology

One study investigated and found support for neuropsychological
subtypes in CRPS. Libon et al.>® conducted a battery of tests that
assess executive function, naming/lexical retrieval, and de-
clarative memory in CRPS patients. Based on a two-step cluster
analysis, the following 3 subtypes were identified: (1) a cognitively
normal subtype with scores in the average range on all tests, (2) a
dysexecutive subtype with mild impairment or low average
performance on working memory/verbal fluency tests, and (3) a
global cognitive dysfunction subtype with scores in the low
average/borderline range on all tests but with particularly low
scores on haming/declarative memory tasks. The latter 2 groups
were equally impaired on executive function tests. The global
dysfunction CRPS subtype presented with fewer years of
education compared with the other groups and with a higher
score on the Beck Depression Inventory-Il than the cognitively
normal subtype. However, these differences in education and
depression levels did not statistically account for the differences
in neuropsychological variables. Overall, the 3 cognitive subtypes
did not differ in terms of pain levels, CRPS duration, medication
use, or the number of CRPS-affected limbs. The authors did not
report on the distribution of CRPS type | and CRPS type Il
(moderate risk of bias).

4. Discussion

This review systematically identified and summarized studies
investigating possible subtypes of CRPS. The findings from the
included studies provide support for the following subtypes:
CRPS type |, CRPS type I, acute CRPS, chronic CRPS,
centralized CRPS, cold CRPS, warm CRPS, inflammatory CRPS,
dystonic CRPS, nondystonic CRPS, familial CRPS, and non-
familial CRPS. It is unclear whether these are distinct or
overlapping subtypes. There was also limited evidence that there
may be CRPS subtypes with distinctive impairments in cognitive
function.

Surprisingly, only a few of the studies aimed to formally assess
differences between CRPS type | and CRPS type Il patients,
although many of the studies have mentioned the contribution of
CRPS type | and CRPS type Il to their findings. Absence of formal
comparisons may in part be due to the much smaller samples of
CRPS type Il patients in most studies. Some studies did not report
or distinguish between whether patients had CRPS type | or
CRPS type II. There were indications from the studies that CRPS
type | and CRPS type Il may be relevant subtypes. For instance,
different mechanisms may contribute to the upregulation of
adrenoceptors in CRPS type | and CRPS type Il patients as a1-
AR immunoreactivity in the skin was differentially expressed in
CRPS type | and CRPS type Il patients and was associated with
CRPS duration in different directions in the 2 groups.?® A
difference in clinical presentation with vasomotor signs and
symptoms being more common in CRPS type |, and neuropathic/
sensory abnormalities more common in CRPS type 118 also point
to possible differences in some of the mechanistic underpinnings.
Consistent with this, sensory loss to mechanical stimuli was more
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frequent in patients with CRPS-type Il than CRPS-type 1.22:2°

However, there was disagreement as to whether allodynia is more
frequent in CRPS type Il than in CRPS type 12>?® or of similar
frequency.?® It is possible that the greater sensory loss in CRPS
type Il arises as a result of the peripheral nerve lesion leading to
the type Il diagnosis.® However, peripheral nerve damage, albeit
of small nerve fibers, has also been suggested to occur in CRPS
type 1.42** Nonetheless, damage to small fibers would be
expected to lead to sensory loss to thermal QST tests (small
fibers) rather than mechanical stimuli (large fibers), which did not
differ between CRPS type | and type 1.2 The relevance of the
CRPS type | and CRPS type Il subtype nomenclature has been
debated ever since the terms replaced the former diagnoses of
reflex sympathetic dystrophy (CRPS type I) and causalgia (CRPS
type Il). During the development of the Budapest criteria, there
were considerations to remove this division because there was
broad agreement that the clinical presentation and therapeutic
response was not significantly different.?® Primarily for historical
reasons, the terms were retained.?® Findings in this review
provide a rationale for further research into differences between
CRPS type | and CRPS type Il. Such studies need to carefully
differentiate patients with CRPS type Il from those with post-
traumatic neuralgia, which may display similar sensory—motor
changes albeit confined to the lesioned nerve territory. For pa-
tients with CRPS type I, sensory changes must go beyond the
territory of the lesioned nerve.

Regardless of CRPS-type | vs CRPS-type Il subtype status,
sensitivity outside the CRPS limb seemed to intensify in patients
with chronic/persistent CRPS, which points to changes in the
nociceptive system centrally with increasing disease duration
irrespective of CRPS type | or 112126 Some work suggest that this
centralization with chronicity may be more common in CRPS-
type | because patients with chronic CRPS type | had a greater
spread of pain and hyperalgesia outside the CRPS limb
ipsilaterally compared with chronic CRPS type 12" Also
consistent with the occurrence of central changes with chronicity,
de Boer et al."" found allodynia, hyperalgesia, and motor signs to
be more frequent in the CRPS limb of patients with a longer CRPS
duration. The finding of a central disturbance in somatosensory
processing (perhaps a switch from inhibition of nociception to
facilitation) in a subgroup of patients with a longer pain duration
irrespective of CRPS type | or Il provide further support for central
changes in persistent CRPS.2° The presence of pain and
increased sensitivity outside the CRPS-affected limb in chronic/
persistent CRPS, as noted above,?"?® may reflect the nociplastic
process of central sensitization.*%® At which time point during
the disease course these central aspects come into play is
unclear and needs to be investigated further. In the included
studies, disease durations that defined chronic CRPS differed
widely from >3 months to 66 months, and some of the studies
referred to pain duration rather than CRPS duration.

Other studies outside of this review have also found evidence
for disturbances in central endogenous pain inhibition in
CRPS,***7 but some have found that these processes remain
intact (ie, intact conditioned pain modulation). In some studies,
these disturbances correlated positively with pain duration,®*
and, in other studies, they did not.*” Thus, there is a need for
more studies into possible alterations in central pain inhibitory
systems. In defining subtypes, it may be more valuable to focus
on a subtype reflecting presumed centralized mechanisms
based on clinical features rather than a subtype defined by an
arbitrary pain duration cutoff because a centralized pathophys-
iology may exist in a subgroup of CRPS patients irrespective of
chronicity. In the study by Dimova et al.,'® a statistically distinct
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centralized pathophysiology subtype appeared to be unrelated
to CRPS duration. The presence of thermal allodynia in a
subgroup of patients in association with touch allodynia and
paroxysmal pain also support the existence of a centralized
CRPS subtype,®® although this study did not examine the
contribution of CRPS duration to these findings. It is possible
that CNS pathophysiology is a potential risk factor for de-
veloping CRPS in some patients. This would be consistent with
prospective studies suggesting that elevated central sensitiza-
tion as indexed by more severe pain intensity*' and elevated
temporal summation to pain during QST” predicts development
of CRPS following tissue trauma. The higher prevalence of
CRPS following minor injury in the centralized group compared
with the peripheral inflammation group or mixed group in the
study by Dimova et al.'® also provides some support for this.
However, one cannot exclude the possibility that differences in
samples and how duration was estimated (pain or disease) in
the studies may explain why a link with CRPS duration was
found in some but not other studies. Differences in findings
between the studies may also arise because of differences in
whether the statistical analyses or between-group analyses
performed were correlational.

The presence of motor disturbances together with allodynia in
the centralized CRPS group'® is in line with the link between
greater muscle hyperalgesia and motor impairments (dystonia
severity and poorer finger tapping performance) in one of the
other studies,® and togetherthey suggest that circuitries
mediating nociception may play a role in impaired motor
control/dystonia in CRPS, perhaps through both peripheral and
central sensitization. These findings are also in line with findings
that motor cortex stimulation may alleviate chronic pain in CRPS
and other pain conditions.*® However, this will need to be
investigated further because patients with and without dystonia
did not seem to differ in terms of widespread muscle
hyperalgesia.®?

Limited evidence from one study was also found for a cognitive
impairment CRPS subtype, which appeared to be unrelated to
pain intensity or CRPS duration and widespread limb involve-
ment.®® Other studies have also reported impairments in
cognitive processing related to tactile and emotional decision
making in small samples of CRPS patients®>*® who were
unrelated to pain duration or psychological distress,? but these
latter studies did not address the presence of a possible CRPS
subtype reflecting these impairments.23® Thus, more research is
needed into a possible cognitive impairment subtype in CRPS.
Whether and how impairments in cognition may relate to the other
signs of CNS pathophysiology or CRPS outcomes remain to be
investigated, but it is well documented that patients with CRPS
may experience cortical changes in brain areas associated with
somatosensory and motor processing, 17375 which could
potentially interfere with cognition.®?

The fact that some mechanisms contribute to severe disease
in a subgroup of patients independent of disease duration was
supported by a number of the included studies.® %" Factors
that seemed to distinguish people with poor outcome from the
remaining patients were a cold upper extremity CRPS limb with
an initiating event other than a fracture rather than CRPS
duration.®®* Neurological symptoms, including hyperpathia,
allodynia, dystonia, tremor, and muscle cramps, were further-
more argued to always be present in patients with severe CRPS
refractory to treatment.®” However, the latter study had a high risk
of bias, and thus, this will need to be replicated in a larger
controlled study. Whether such changes reflect a distinct CRPS
subtype remains to be determined.
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Besides a poorer clinical prognosis, the included studies
together suggest that the cold CRPS subtype may differ from
patients with the warm CRPS subtype by more often having
serious life events, other chronic pain disorders, CRPS-related
dystonia, sensory loss to QST in the CRPS limb, and more pain
from electrical stimulation, whereas warm CRPS predominately
experienced mechanical hyperalgesia in the CRPS limb.2:%* It
has been speculated whether there is an overlap between cold
CRPS and persistent CRPS as a number of studies found
patients with a cold limb to have a longer pain duration than those
with warm CRPS®1®%° and signs of central sensitization,*
although some patients were found to have a cold limb in the early
CRPS stage.® Similarly, warm CRPS has been postulated to
overlap with acute CRPS.?” The finding in one of the included
studies that mast cell numbers were increased in affected skin
from patients with acute CRPS and that this correlated with a
warmer CRPS limb provide some support for this.* Mast cell
degranulation releases a range of inflammatory mediators such
as tryptase, proteases, histamine, and cytokines.?* The link
between acute and warm CRPS may be explained by histamine-
induced vasodilation. Nonetheless, there does not seem to be
enough evidence yet to fully confirm the overlaps between
persistent/cold and early/warm CRPS, but the evidence points to
cold and warm CRPS and acute and persistent CRPS as relevant
subtypes.

Some have speculated whether cold and warm CRPS differ in
terms of inflammation, but the evidence regarding this is unclear.
A cluster analysis of signs and symptoms of inflammation
provided support for a greater involvement of inflammation in
warm CRPS,® and greater thermal hyperalgesia to heat in warm/
acute than in cold/persistent CRPS are also consistent with
peripheral sensitization of heat-sensitive C-fibers during inflam-
mation in warm CRPS.%C Nonetheless, no differences in the
proinflammatory cytokines TNF-alpha and interleukin-6 in the
CRPS limb was found between warm and cold CRPS.'®
Conversely, bisphosphonates were found to have the best effect
in early warm CRPS, and as bisphosphonates have been shown
to have anti-inflammatory effects, for instance, in rheumatoid
arthritis, 3 this may provide support for inflammation in early warm
CRPS. It is possible that different definitions used for warm vs
cold CRPS may explain differences in findings because no
consensus has been reached on how to define warm and cold
CRPS. Such definitional issues warrant systematic examination in
future research.

Although it is unclear whether inflammation contributes to
differences between the warm and cold CRPS subtypes, there is
considerable evidence to suggest the involvement of inflammation
in a subgroup of patients with CRPS."® A peripheral inflammation
subtype emerged based on signs of CRPS.'® Interestingly, a
minority of these inflammation subtype patients experienced cold
CRPS, which provide some support for inflammation being
primarily present in the early warm CRPS. Furthermore, in the
study of plasma cytokines, chemokines, and their soluble
receptors by Alexander et al.,’ 2 clusters of patients emerged:
one with levels similar to healthy controls and another with elevated
levels of almost all analytes. Tumor necrosis factor-alpha appeared
to be important for this clustering and may be relevant to CRPS
subtyping efforts. There was no difference in duration and severity
between the 2 clusters, arguing against inflammation as something
primarily present in acute CRPS. However, within the elevated
TNF-alpha group, plasma levels of TNF-alpha seemed to increase
with disease severity/duration. Unfortunately, Alexander et al." did
not look at the contribution of warm vs cold CRPS subtype
characteristics as to how they may have related to TNF-alpha
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patterns. Consistent with the finding that TNF-alpha levels may
change in some patients with disease duration, one of the other
studies found increased TNF-alpha and IL-6 immunostaining on
keratinocytes in affected skin (compared with the contralateral
limb) to be more frequent in patients with acute than chronic
CRPS.* The opposing directional relationship between TNF-alpha
and disease duration in the 2 studies may arise due to
methodological differences (plasma vs skin biopsy) or the dissimilar
subgroup focus (normal inflammatory profile/inflammatory profile
vs acute/chronic). Studies that have investigated both local (skin
biopsies or suction blister fluid) and systemic (plasma, serum) levels
of cytokines, including TNF-alpha in CRPS, have found local but
not systemic proinflammatory cytokine increases.®®® Future
studies should assess the relationship between local and systemic
cytokine levels and their relation to disease duration and severity in
CRPS. The finding that MMP-2 and MMP-9 enzymes known to be
involved in inflammation are differentially expressed depending on
the presence of trophic changes and disease severity in one of the
included studies,?® provide further support for an inflammatory
subtype that is more severe, but this was unrelated to CRPS
duration.

Future studies should attempt to discern whether warm, acute,
and inflammatory subtypes reflect the same subtype and if so,
determine the optimal criteria for categorizing these patients. One
may expect an objective mechanistic marker such as a biomarker
of inflammation to be a better indicator than the more arbitrary
marker of pain duration. Similarly, studies should look into
whether there is an overlap between centralized and chronic cold
CRPS and, if so, whether there is an objective mechanistic
marker for this subtype.

Finally, evidence was found for a heritable component playing
arole in a subgroup of patients with CRPS (dystonia and familial)
and that this may contribute to a more severe and earlier onset
CRPS (eg, dystonia, multiple affected extremities), but this will
need to be investigated further.

This was the first review to systematically investigate the
evidence for subtypes in CRPS. We were able to identify a small
number of relevant studies. The studies approached the in-
vestigation of subtypes in CRPS in very different ways, and most
had a low risk of bias but with small samples. Furthermore, the
same diagnostic criteria were not used in all studies. Findings of
de Boer et al."" highlight that the diagnostic criteria used may
substantially change the findings and conclusions drawn. Thus,
substantially more research is needed using current IASP
diagnostic criteria to draw any firm conclusions about subtypes
of CRPS. We took a systematic approach to covering the
literature regarding subtypes but cannot rule out that some
studies may have been omitted because we were unable to
discern from the title or abstract that subgroups were analyzed.
Furthermore, we had to rely solely on the information reported in
the studies reviewed, which sometimes lacked data regarding
patient characteristics.

Notably, only one of the studies was an interventional study.?2
Whether phenotyping CRPS patients into the identified subtypes
has clinical relevance for predicting treatment outcome is yet to
be determined. We recommend that future interventional studies
examine the subtypes identified in this review because they are
likely to impact on the responsiveness to treatments evaluated,
and we recommend that future interventional studies seek to
identify the phenotypic characteristics of treatment responders
regardless of whether these characteristics fit within these
identified subtypes. This is also a recommendation put forth in
the ACTTION guide to clinical trials of pain treatment by the
International Association for the Study of Pain.™®
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It is important conceptually to keep in mind that the subtypes
described in this review may not be completely distinct from one
another, which may complicate phenotyping. It is possible that
the subtypes of CRPS may overlap within individual patients or
coexist on different continuums within a patient. Nonetheless, the
hope is that establishing clinically relevant subtypes may support
identification of more effective treatments for CRPS within a
precision medicine context. In other words, conducting clinical
trials focused on a priori subtypes believed to reflect mecha-
nisms, likely to respond to the presumed intervention mecha-
nisms, may lead to success in clinical trials even where trials in
large heterogeneous CRPS samples have failed.

Disclosures

The authors have no conflict of interest to declare.

Acknowledgements

The submitted manuscript does not contain information about
medical device/s/drug(s). No funding was received for this study.
No benefits in any form have been or will be received from a
commercial party directly or indirectly related to the subject of this
manuscript.

The authors thank Dr. Martina Gosteli, Universitatsbibliothek
Medizin, University of Zurich, for her support in the literature
search.

Article history:

Received 5 July 2023

Received in revised form 22 August 2023
Accepted 29 August 2023

References

[11 Alexander GM, Peterlin BL, Perreault MJ, Grothusen JR, Schwartzman
RJ. Changes in plasma cytokines and their soluble receptors in complex
regional pain syndrome. J Pain 2012;13:10-20.

[2] Apkarian AV, Sosa Y, Krauss BR, Thomas PS, Fredrickson BE, Levy RE,
Harden RN, Chialvo DR. Chronic pain patients are impaired on an
emotional decision-making task. PAIN 2004;108:129-36.

[8] Bean DJ, Johnson MH, Heiss-Dunlop W, Kydd RR. Extent of recovery in
the first 12 months of complex regional pain syndrome type-1: a
prospective study. Eur J Pain 2016;20:884-94.

[4] Birklein F, Drummond PD, Li W, Schlereth T, Albrecht N, Finch PM,
Dawson LF, Clark JD, Kingery WS. Activation of cutaneous immune
responses in complex regional pain syndrome. J Pain 2014;15:485-95.

[5] BonicaJJ. Causalgia and other reflex sympathetic dystrophies. In: Bonica
JJ, editor. Management of pain. Philadelphia: Lea and Feiberger, 1990. p.
220-43.

[6] Bruehl S. Complex regional pain syndrome. BMJ 2015;351:h2730.

[71 Bruehl S, Billings FT IV, Anderson S, Polkowski G, Shinar A, Schildcrout J,
Shi Y, Mine G, Dematteo A, Mishra P, Harden RN. Preoperative
predictors of complex regional pain syndrome outcomes in the 6 months
following total knee arthroplasty. J Pain 2022;23:1712-23.

[8] Bruehl S, Harden RN, Galer BS, Saltz S, Backonja M, Stanton-Hicks M.
Complex regional pain syndrome: are there distinct subtypes and
sequential stages of the syndrome? PAIN 2002;95:119-24.

[9] Bruehl S, Maihofner C, Stanton-Hicks M, Perez RS, Vatine JJ,
Brunner F, Birklein F, Schlereth T, Mackey S, Mailis-Gagnon A,
Livshitz A, Harden RN. Complex regional pain syndrome: evidence for
warm and cold subtypes in a large prospective clinical sample. PAIN
2016;157:1674-81.

[10] Campbell CM, Gilron I, Doshi T, Raja S. Designing and conducting proof-
of-concept chronic pain analgesic clinical trials. Pain Rep 2019;4:e697.

[11] de Boer RD, Marinus J, van Hilten JJ, Huygen FJ, van Eijs F, van Kleef M,
Bauer MC, van Gestel M, Zuurmond WW, Perez RS. Distribution of signs
and symptoms of complex regional pain syndrome type | in patients
meeting the diagnostic criteria of the International Association for the
Study of Pain. Eur J Pain 2011;15:830.e831-8.

PAIN Reports®

[12] de Mos M, de Bruijn AG, Huygen FJ, Dieleman JP, Stricker BH,
Sturkenboom MC. The incidence of complex regional pain syndrome: a
population-based study. PAIN 2007;129:12-20.

[13] de Mos M, Huygen FJ, van der Hoeven-Borgman M, Dieleman JP, Ch
Stricker BH, Sturkenboom MC. Outcome of the complex regional pain
syndrome. Clin J Pain 2009;25:590-7.

[14] de Rooij AM, de Mos M, Sturkenboom MC, Marinus J, van den
Maagdenberg AM, van Hilten JJ. Familial occurrence of complex regional
pain syndrome. Eur J Pain 2009;13:171-7.

[15] de Rooij AM, Perez RS, Huygen FJ, van Eijs F, van Kleef M, Bauer MC, van
Hilten JJ, Marinus J. Spontaneous onset of complex regional pain
syndrome. Eur J Pain 2010;14:510-3.

[16] Di Pietro F, McAuley JH, Parkitny L, Lotze M, Wand BM, Moseley GL,
Stanton TR. Primary motor cortex function in complex regional pain
syndrome: a systematic review and meta-analysis. J Pain 2013;14:
1270-88.

[17] Di Pietro F, McAuley JH, Parkitny L, Lotze M, Wand BM, Moseley GL,
Stanton TR. Primary somatosensory cortex function in complex regional
pain syndrome: a systematic review and meta-analysis. J Pain 2013;14:
1001-18.

[18] Dimova V, Herrnberger MS, Escolano-Lozano F, Rittner HL, Vickova E,
Sommer C, Maihofner C, Birklein F. Clinical phenotypes and classification
algorithm for complex regional pain syndrome. Neurology 2020;94:
e357-67.

[19] Dirckx M, Stronks DL, van Bodegraven-Hof EA, Wesseldijk F, Groeneweg
JG, Huygen FJ. Inflammation in cold complex regional pain syndrome.
Acta Anaesthesiol Scand 2015;59:733-9.

[20] Drummond PD, Finch PM. A disturbance in sensory processing on the
affected side of the body increases limb pain in complex regional pain
syndrome. Clin J Pain 2014;30:301-6.

[21] Drummond PD, Finch PM, Birklein F, Stanton-Hicks M, Knudsen LF.
Hemisensory disturbances in patients with complex regional pain
syndrome. PAIN 2018;159:1824-32.

[22] Drummond PD, Morellini N, Finch PM, Birklein F, Knudsen LF. Complex
regional pain syndrome: intradermal injection of phenylephrine evokes
pain and hyperalgesia in a subgroup of patients with upregulated a1-
adrenoceptors on dermal nerves. PAIN 2018;159:2296-305.

[23] Eberle T, Doganci B, Kramer HH, Geber C, Fechir M, Magerl W, Birklein F.
Warm and cold complex regional pain syndromes: differences beyond
skin temperature? Neurology 2009;72:505-12.

[24] Elieh Ali Komi D, Wohrl S, Bielory L. Mast cell biology at molecular level: a
comprehensive review. Clin Rev Allergy Immunol 2020;58:342-65.

[25] Escolano-Lozano F, Gries E, Schlereth T, Dimova V, Baka P, Vickova E,
Konig S, Birklein F. Local and systemic expression pattern of MMP-2 and
MMP-9 in complex regional pain syndrome. J Pain 2021;22:1294-302.

[26] Gierthmuhlen J, Maier C, Baron R, Tolle T, Treede RD, Birbaumer N,
Huge V, Koroschetz J, Krumova EK, Lauchart M, Maihofner C, Richter H,
Westermann A; German Research Network on Neuropathic Pain DFNS
Study Group. Sensory signs in complex regional pain syndrome and
peripheral nerve injury. PAIN 2012;153:765-74.

[27] Goebel A, Birklein F, Brunner F, Clark D, Gierthmuhlen J, Harden N,
Huygen F, Knudsen L, McCabe C, Lewis J, Maihéfner C, Magerl W,
Moseley L, Terkelsen A, Thomassen |, Bruehl S. The Valencia consensus-
based adaptation of the IASP complex regional pain syndrome diagnostic
criteria. PAIN 2021;162:2346-8.

[28] Harden NR, Bruehl S, Perez R, Birklein F, Marinus J, Maihofner C,
Lubenow T, Buvanendran A, Mackey S, Graciosa J, Mogilevski M,
Ramsden C, Chont M, Vatine JJ. Validation of proposed diagnostic
criteria (the “budapest criteria”) for complex regional pain syndrome. PAIN
2010;150:268-74.

[29] Harden RN, McCabe CS, Goebel A, Massey M, Suvar T, Grieve S, Bruehl
S. Complex regional pain syndrome: practical diagnostic and treatment
guidelines, 5th edition. Pain Med 2022;23(suppl 1):S1-53.

[30] Huge V, Lauchart M, Forderreuther S, Kaufhold W, Valet M, Azad SC,
Beyer A, Magerl W. Interaction of hyperalgesia and sensory loss in
complex regional pain syndrome type | (CRPS I). PLoS One 2008;3:
e2742.

[31] Huygen FJ, De Bruijn AG, De Bruin MT, Groeneweg JG, Klein J, Zijlstra
FJ. Evidence for local inflammation in complex regional pain syndrome
type 1. Mediat Inflamm 2002;11:47-51.

[382] lannitti T, Rosini S, Lodi D, Frediani B, Rottigni V, Palmieri B.
Bisphosphonates: focus on inflammation and bone loss. Am J Ther
2012;19:228-46.

[383] Johnson S, Cowell F, Gillespie S, Goebel A. Complex regional pain
syndrome what is the outcome?—a systematic review of the course and
impact of CRPS at 12 months from symptom onset and beyond. Eur J
Pain 2022;26:1203-20.



1871ZIMNZIDBPXZDBBGROA LOAEIDPIASALLIAHPO0AEIEAHOII/HDAUMY 1X

DMADYOINXYOHISABZIY I Y+BHNIO L WNO0TZ | ABYHJOGHAAU Ag sidiured/woo mm| sieuinol//:diy woij papeojumoq

€20¢/vc/}} uo

8 (2023) 1111

[34] Knudsen L, Finch PM, Drummond PD. The specificity and mechanisms of
hemilateral sensory disturbances in complex regional pain syndrome.
J Pain 2011;12:985-90.

[35] Kramer HH, Eberle T, Uceyler N, Wagner |, Klonschinsky T, Muller LP,
Sommer C, Birklein F. TNF-a in CRPS and 'normal’ trauma-significant
differences between tissue and serum. PAIN 2011;152:285-90.

[36] Kuttikat A, Noreika V, Chennu S, Shenker N, Bekinschtein T, Brown CA.
Altered neurocognitive processing of tactile stimuli in patients with
complex regional pain syndrome. J Pain 2018;19:395-409.

[37] Lee B, Di Pietro F, Henderson LA, Austin PJ. Altered basal ganglia
infraslow oscillation and resting functional connectivity in complex
regional pain syndrome. J Neurosci Res 2022;100:1487-505.

[38] Libon DJ, Schwartzman RJ, Eppig J, Wambach D, Brahin E, Peterlin BL,
Alexander G, Kalanuria A. Neuropsychological deficits associated with
complex regional pain syndrome. J Int Neuropsychol Soc 2010;16:
566-73.

[39] Lunden LK, Kleggetveit IP, Schmelz M, Jorum E. Cold allodynia is
correlated to paroxysmal and evoked mechanical pain in complex
regional pain syndrome (CRPS). Scand J Pain 2022;22:533-42.

[40] Merskey H, Bogduk N. Classification of chronic pain: description of
chronic pain syndrome and definitions of pain terms. Seattle: IASP Press,
1994.

[41] Moseley GL, Herbert RD, Parsons T, Lucas S, Van Hilten JJ, Marinus J.
Intense pain soon after wrist fracture strongly predicts who will develop
complex regional pain syndrome: prospective cohort study. J Pain 2014;
15:16-23.

[42] Oaklander AL, Rissmiller JG, Gelman LB, Zheng L, Chang Y, Gott R.
Evidence of focal small-fiber axonal degeneration in complex regional
pain syndrome-| (reflex sympathetic dystrophy). PAIN 2006;120:235-43.

[43] Ramos-Fresnedo A, Perez-Vega C, Domingo RA, Cheshire WP,
Middlebrooks EH, Grewal SS. Motor cortex stimulation for pain: a
narrative review of indications, techniques, and outcomes.
Neuromodulation 2022;25:211-21.

[44] Rasmussen VF, Karlsson P, Drummond PD, Schaldemose EL, Terkelsen
AJ, Jensen TS, Knudsen LF. Bilaterally reduced intraepidermal nerve fiber
density in unilateral CRPS-I. Pain Med 2018;19:2021-30.

[45] Salameh JP, Bossuyt PM, McGrath TA, Thombs BD, Hyde CJ, Macaskill
P, Deeks JJ, Leeflang M, Korevaar DA, Whiting P, Takwoingi Y, Reitsma
JB, Cohen JF, Frank RA, Hunt HA, Hooft L, Ruties AWS, Willis BH,
Gatsonis C, Levis B, Moher D, Mclnnes MDF. Preferred reporting items
for systematic review and meta-analysis of diagnostic test accuracy

www.painreportsonline.com 21

studies (PRISMA-DTA): explanation, elaboration, and checklist. BMJ
2020;370:m2632.

[46] Sandroni P, Benrud-Larson LM, McClelland RL, Low PA. Complex
regional pain syndrome type I: incidence and prevalence in Olmsted
County, a population-based study. PAIN 2003;1083:199-207.

[47] Seifert F, Kiefer G, DeCol R, Schmelz M, Maihofner C. Differential
endogenous pain modulation in complex-regional pain syndrome. Brain
2009;132:788-800.

[48] Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J.
Methodological index for non-randomized studies (MINORS):
development and validation of a new instrument. ANZ J Surg 2003;73:
712-6.

[49] Sluka KA, Clauw DJ. Neurobiology of fibromyalgia and chronic
widespread pain. Neuroscience 2016;338:114-29.

[50] Strauss S, Barby S, Hartner J, Pfannmoller JP, Neumann N, Moseley GL,
Lotze M. Graded motor imagery modifies movement pain, cortical
excitability and sensorimotor function in complex regional pain syndrome.
Brain Commun 2021;3:fcab216.

[51] van Rooijen DE, Marinus J, Schouten AC, Noldus LP, van Hilten JJ.
Muscle hyperalgesia correlates with motor function in complex regional
pain syndrome type 1. J Pain 2013;14:446-54.

[52] van Rooijen DE, Marinus J, van Hilten JJ. Muscle hyperalgesia is
widespread in patients with complex regional pain syndrome. PAIN 2013;
154:2745-9.

[53] van Rooijen DE, Roelen DL, Verduijn W, Haasnoot GW, Huygen FJ, Perez
RS, Claas FH, Marinus J, van Hilten JJ, van den Maagdenberg AM.
Genetic HLA associations in complex regional pain syndrome with and
without dystonia. J Pain 2012;13:784-9.

[54] Vaneker M, Wilder-Smith OH, Schrombges P, de Man-Hermsen |,
Oerlemans HM. Patients initially diagnosed as 'warm’ or 'cold’ CRPS 1
show differences in central sensory processing some eight years after
diagnosis: a quantitative sensory testing study. PAIN 2005;115:204-11.

[65] Varenna M, Manara M, Rovelli F, Zucchi F, Sinigaglia L. Predictors of
responsiveness to bisphosphonate treatment in patients with complex
regional pain syndrome type I: a retrospective chart analysis. Pain Med
2017;18:1131-8.

[56] Woolf CJ. Central sensitization: implications for the diagnosis and
treatment of pain. PAIN 2011;152:S2-15.

[57] Zyluk A, Puchalski P. Complex regional pain syndrome: observations on
diagnosis, treatment and definition of a new subgroup. J Hand Surg Eur
Vol 2013;38:599-606.



