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Abstract 

Genetic factors are suggested to playa role in complex regional pain syndrome (CRPS), but familial occurrence has not been 
extensively studied. In the present study we evaluated familial occurrence in Dutch patients with CRPS. 

Families were recruited through the Dutch Association of CRPS patients and through referral by clinicians. The number of 
affected members per family, the phenotypic expression and inheritance were assessed. Demographic and clinical characteristics 
of familial CRPS (fCRPS) patients were compared with those of sporadic CRPS (sCRPS) patients from a Dutch population-based 
study and with a group of sCRPS patients that was proportionally matched for referral center of the fCRPS probandi to control for 
referral bias. 

Thirty-one CRPS families with two or more affected relatives were identified, including two families with five, four with four, 
eight with three and 17 with two affected relatives. In comparison with sCRPS patients, fCRPS patients had a younger age at onset 
and more often had multiple affected extremities and dystonia. 

We conclude that CRPS may occur in a familial form, but did not find a clear inheritance pattern. Patients with fCRPS develop the 
disease at a younger age and have a more severe phenotype than sporadic cases, suggesting a genetic predisposition to develop CRPS. 
© 2008 European Federation of Chapters of the International Association for the Study of Pain. Published by Elsevier Ltd. All 
rights reserved. 
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1. Introduction 

Complex regional pain syndrome (CRPS) is charac­
terized by pain in association with different combina­
tions of edema, changes in sensory perception, color, 
temperature, transpiration and abnormal hair and nail 
growth in the affected limb (Merskey and Bogduk, 
1994). The reported incidence of CRPS ranges from 
5.5 to 26.2 per 100,000 person-years (Sandroni et aI., 
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2003; de Mos et al., 2007). CRPS predominantly affects 
women (~75%) and may occur at all ages although the 
highest incidence is found between 50 and 70 years (de 
M os et al., 2007). 

The etiology of CRPS is still largely unclear, but a 
trauma, which can be minor in severity, often precedes 
the onset in a majority of the patients. A spontaneous 
onset has been described in 3-11% of cases (Veldman 
et al., 1993; Kurvers et aI., 1995; Veldman and Goris, 
1996; Geertzen et al., 1998; van der Laan et aI., 1998; 
Allen et aI., 1999) indicating that factors other than 
trauma may contribute to the etiology of the disease. 
There are indications that genetic factors may playa 
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role. Compared to patients in whom CRPS remits or 
stabilizes, patients with a more severe phenotype have 
a considerable younger age at onset (Veldman and 
Goris, 1996; van Rijn et al., 2007), which may suggest 
an increased genetic susceptibility to develop the disease 
(Balding et aI., 2003; Steer et aI., 2005). An increased 
susceptibility to develop CRPS is also apparent from 
genetic associations that were found with different 
human leukocyte antigen (HLA) factors (Mailis and 
Wade, 1994; Kemler et aI., 1999; van Hilten et al.. 
2000; Vaneker et aI., 2002). 

Familial occurrence of a disease is another indication 
that genetic factors may be involved (Guo, 1998). 
Although CRPS families with two or three patients have 
occasionally been reported (Albert and Ott, 1983; Erd­
mann and Wynn-Jones, 1992; Veldman et aI., 1993; Gai­
er et al., 2000; Hulme et al., 2004; Bruscas et al., 2004), 
familial occurrence of CRPS has not systematically been 
evaluated. Here we studied familial occurrence of 
CRPS, evaluated CRPS families and compared the clin­
ical characteristics of familial CRPS (fCRPS) patients 
with those of sporadic CRPS (sCRPS) patients. 

2. Material and methods 

2.1. Patient database 

This study was performed within the national Trauma 
RElated Neuronal Dysfunction (TREND) Consor­
tium (http://www.trendconsortium.nl). which integrates 
Dutch research on CRPS. In TREND, the acquisition 
of data concerning the clinical diagnosis and other phe­
notype characteristics is performed in a standardized 
manner, after which this information is stored in a cen­
tral internet-based database. 

2.2. Recruitment offamilies with CRPS 

During the period from April 2005 to August 2007, 
two strategies were followed t6 collect Dutch families 
with two or more CRPS patients. First, an announce­
ment was placed on our TREND Consortium website 
and in newsletters of the Dutch Association of CRPS 
patients, in which patients were asked to respond if they 
had at least one affected relative with CRPS. Second, cli­
nicians that participated in TREND, clinicians working 
in large regional pain clinics and clinicians with an inter­
est in CRPS were asked to send in patients who indi­
cated they had affected relatives. 

2.3. Ascertainment of CRPS families 

Patients who agreed to participate were asked to pro­
vide detailed family information. Patients and poten­
tially affected family members were visited at home to 

verify the diagnosis of CRPS by medical history and 
physical examination. Information about signs 
(observed by examiner) and symptoms (reported by 
patients) were collected using a standard assessment 
form on which information on pain, sensory impair­
ments, autonomic impairments, trophic changes and 
motor impairments was recorded. The disease status of 
family members reported by the probandi as unaffected 
was also confirmed. 

CRPS was considered to be present if the IASP crite­
ria were fulfilled (Table 1). Patients not fulfilling the cri­
teria at examination were considered to have been 
affected in the past if information on symptoms and 
signs retrieved from the general physician or consulting 
specialist supported the diagnosis of CRPS. 

2.4. Ascertainment of sporadic CRPS patients 

The characteristics of probandi with fCRPS were 
compared with two control groups. The first control 
group consisted of CRPS patients from a Dutch popula­
tion-based study (de Mos et aI., 2007) and was chosen to 
evaluate whether differences between sCRPS and fCRPS 
patients existed while ignoring the referral pattern, since, 
as in several other diseases, patients from affected fami­
lies may experience a more severe disease course and 
therefore expected to be referred differently. This retro­
spective cohort study was conducted in the Integrated 
Primary Care Information (IPCI) project, which is a 
longitudinal observational database including electronic 
patients' records of more than 600,000 patients from 
more than 150 general practitioners in The Netherlands. 
The IPCI population is representative of the Dutch pop­
ulation regarding age and sex (Vlug et aI., 1999). Poten­
tial CRPS patients that were present in this database in 
the period between 1996 and 2005, were identified using 
synonyms and abbreviations of CRPS (de Mos et aI., 
2007). Identified cases were validated using the patient's 
electronic records supplemented with specialist letters 
and by reconfirmation of the diagnosis by their general 
practitioners. Subsequently, the selected cases of the 

Table I 
IASP criteria for Complex Regional Pain Syndrome type I 

a.	 CRPS is a syndrome that develops after an initiating
 
noxious event.
 

b.	 Spontaneous pain, allodynia or hyperalgesia occurs, is not 
limited to the territory of a single peripheral nerve, and is 
disproportionate to the inciting event. 

c.	 There is or has been evidence of edema, skin blood flow 
abnormality, or abnormal sudomotor activity in the region 
of the pain since the inciting event. 

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

For the diagnosis of CRPS-I, criteria bod must be fulfilled (Merskey 
and Bogduk. 1994). 
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IPCI project were asked to participate in a case-control 
study. If patients agreed to participate (sCRPS-IPCI), 
their diagnosis was additionally verified during a home 
visit, using the same standardized assessment form as 
used in the present study. 

A second control group was used to evaluate whether 
differences in phenotype between fCRPS patients and 
IPCI control patients would still exist if the potential 
effect of referral bias of the fCRPS patients was elimi­
nated. Referral bias could be of relevance, since the 
fCRPS patients were collected in a different manner than 
the sCRPS-IPCI patients. 

This second control group comprised sCRPS patients 
from the TREND database. sCRPS patients are patients 
who had indicated in a questionnaire that they had no rel­
atives with CRPS. To control for referral bias of the 
fCRPS patients, the distribution of sCRPS patients 
across the various clinical centers was chosen proportion­
ally equal to that of the fCRPS probandi. Because of this 
distribution criterion, not all sCRPS patients in the data­
base were used and a random sample was taken from 
each referral center. Information about the signs and 
symptoms of these patients (sCRPS-TREND) was col­
lected using the same standard form as was used for the 
fCRPS patients. 

2.5. Statistical analysis 

Continuous variables were compared with a t-test for 
independent samples. Proportions of categorical data 
were compared with the chi-square test, using the New­
combe's method to calculate 95% confidence intervals 
(CI). If the 95% CI for the between-group differences did 
not contain the value 0, differences were considered signif­
icant.Statistical analyses were performed with SPSS (ver­
sion 14) and Confidence Interval Analysis (version 2.0.0). 

The study was approved by the Medical Ethical 
Committee of the Leiden University Medical Center. 
All patients gave written informed consent before 
participation. 

3. Results 

3.1. Familial CRPS patients 

Thirty-one families with two or more affected family 
members who fulfilled the eligibility criteria were col­
lected (Tables 2 and 3). Twenty-two families were 
referred by clinicians that participated in TREND, the 
remaining nine families responded to website or newslet­
ter announcements of this study. Of the nine probandi 
of these latter families, seven were treated by a specialist 
and two were only seen by a general practitioner. 

The 31 probandi had 53 family members with CRPS, 
thus 84 fCRPS patients were included in this study. Sev-

Table 2
 
Characteristics of familial CRPS patients (fCRPS)
 

Number of patients 84
 
Percentage (N) of females 83% (70)
 

Mean (SD) age at onset of CRPS -years 36.7 (14.5)
 
Percentage (N) patients with> 1 affected extremity 45% (38)
 
Percentage (N) patients with observed dystonia 25% (21)
 
Preceding trauma - percentage (N)
 

Trauma 77% (65) 
Fracture 27% (23) 
Surgery 20% (17) 
Soft tissue 20% (17) 
Other 9% (8) 

Non-trauma 23% (19) 
First affected extremity - percentage (N) 

Arm 49% (41) 
Leg 44% (37) 
Both 7% (6) 

Table 3 
Signs and symptoms of 84 familial CRPS patients 

fCRPS 

Reported (N) Observed (N) 

Spontaneous pain 97% (82) Na 
Hyperesthesia 67% (57) 49% (42) 
Hyperalgesia 76% (65) 54% (46) 
Allodynia 76% (65) 33% (28) 
Temperature asymmetry 95%(81) 55% (47) 
Color asymmetry 91% (77) 49% (42) 
Edema 87% (74) 42% (36) 
Sweating disturbances 69% (59) 37% (32) 
Trophic disturbances 88% (75) 72% (61) 
Limited range of motion 85% (72) 67% (57) 
Dystonia 69% (58) 25% (21) 
Tremor 52% (44) 18% (15) 
Myoclonus 45% (38) 11% (9) 

Na = not applicable. 

enty-four patients (88%) fulfilled the IASP criteria at the 
time of the visit. The remaining patients had fulfilled the 
criteria in the past, as confirmed by the medical informa­
tion retrieved from their physician or consulting 
specialist. 

Of these 31 families, 17 had two, eight had three, four 
had four and two families had five affected family mem­
bers. Seventy patients (83%) were female. The mean 
(standard deviation [SD]) age at onset was 36.7 (14.5) 
with a range of 11-71 years. The most frequent noxious 
events for the first affected extremity were fractures 
(27%), surgery (20%), and soft tissue injury (20%). In 
23% of the patients no causative event could be identified. 
The upper extremity was affected first in 49%, the lower 
extremity in 44%, whereas in 7% upper and lower extrem­
ities were simultaneously affected. Thirty-eight patients 
(45%) had two or more affected extremities. Twenty­
one patients (25%) had dystonia on examination, 
whereas an additional 35 patients (42%) reported inter­
mittent dystonia. 
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3.2. CRPS families 

The three largest CRPS families and their detailed 
clinical characteristics are presented in Fig. 1and Table 4. 

3.2.1. Family 1 
This family consisted of five affected members in two 

successive generations (Fig. I). The proband (II-5) 
developed CRPS at the age of 39. Symptoms occurred 
in her right leg after surgical treatment of a lumbar her­
niated disc. Five years later, again after surgical treat­
ment of a lumbar herniated disc, she developed 
symptoms in her left leg. The symptoms in her left and 
right arm developed spontaneously 10 and 12 years 
later. Her sister (II-7) developed CRPS following a frac­
ture of her left arm when she was 58 years old. The 
daughter (III-12) of sister II-7 developed CRPS after 
an operation of her right hand when she was 21 years 
old. Her uncle (II-8), the brother of the two sisters, 
developed his symptoms without a causative event at 
the age of 51. His daughter (III-l3) developed CRPS 
of both legs spontaneously at the age of 14 years. At 
the age of 19 symptoms in her arms developed 
spontaneously. 

3.2.2. Family 2 
In this family three siblings (two sisters and a 

brother) were affected as well as a daughter of one of 
the affected sisters (Fig. I). The proband (III-lO) devel­

111-11 111-12 111-13 111-14 

I Family 3 

oped CRPS in her left leg after a fracture at the age of 
24 years. Two years later she spontaneously developed 
symptoms in her right leg. Her mother (II-7) developed 
symptoms of CRPS in her left leg after a sprain of her 
ankle at the age of 45 years. Five years later CRPS 
developed spontaneously in her right leg and again three 
years later in her left arm. Her sister (11-3) developed 
symptoms in her right arm after surgical treatment of 
a tendovaginitis at the age of 70 years. Their brother 
(II-5) developed CRPS after a fracture of his left leg 
when he was 65 years old. 

3.2.3. Family 3 
In this four-generation family two sisters, a cousin 

and two cousins of the father of the two sisters were 
affected (Fig. 1). The proband (lV-25) developed CRPS 
at the age of 17 years after a contusion of her right arm. 
Three years later she developed symptoms in her left leg 
after an insect bite and at the age of 23 symptoms 
started after overuse of her right leg. Her sister (IV-26) 
developed CRPS in her left arm after an accident at 
work when she was 21 years old. Their cousin (IV-2l) 
developed symptoms in his left arm after a traffic acci­
dent at the age of 17. The first cousin of the father of 
the two sisters (III-l3) developed CRPS after a fracture 
of his left metatarsal bone when he was 40 years old. 
The symptoms of the second cousin of the father of 
the two sisters (III-12) started after a sprain of her left 
hand at the age of 29. 

I Family 2 

111-9 ~1I-10 111-11 

111-11 111-12 

IV-21 IV-22 IV-23 IV-24 IV-25 IV-26 IV-27 IV-28 

Fig. I. Pedigrees of three largest CRPS families. Figure represents the pedigrees of the three largest CRPS families. Circles indicate females; squares 
indicate males; crossed-out symbols: deceased individuals; number in symbol indicates number of extra siblings. Black symbols indicate individuals 
with CRPS. Arrows indicate the probands of the families. 
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