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Abstract
Background
Little is known about the course of Complex Regional Pain Syndrome 1 and potential
factors influencing the course of this disorder over time. The goal of this study is a) to set
up a database with patients suffering from suspected CRPS 1 in an initial stadium, b) to
perform investigations on epidemiology, diagnosis, prognosis, and socioeconomics within
the database and c) to develop a prognostic risk assessment tool for patients with CRPS 1
taking into account symptomatology and specific therapies.
Methods/design
Prospective cohort study. Patients suffering from a painful swelling of the hand or foot
which appeared within 8 weeks after a trauma or a surgery and which cannot be explained
by conditions that would otherwise account for the degree of pain and dysfunction will be
included. In accordance with the recommendations of International Classification of
Functioning, Disability and Health (ICF model), standardised and validated questionnaires
will be used. Patients will be monitored over a period of 2 years at 6 scheduled visits (0
and 6 weeks, 3, 6, 12, and 24 months). Each visit involves a physical examination,
registration of therapeutic interventions, and completion of the various study
questionnaires. Outcomes involve changes in health status, quality of life and costs/utility.
Discussion
This paper describes the rationale and design of patients with CRPS 1. Ideally, potential
risk factors may be identified at an early stage in order to initiate an early and adequate
treatment in patients with increased risk for delayed recovery.
Trial registration: Not applicable
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Background
Complex Regional Pain Syndrome (CRPS) is a painful condition with clinical features that
include pain, sensory-, sudomotor and vasomotor disturbances, trophic changes and
impaired motor function [1]. Symptoms usually appear after an initiating noxious event
such as trauma or surgery [2, 3]. The course varies from mild and self-limiting to chronic
disease with a high impact on daily functioning and quality of life [4]. CRPS is often
associated with a significant morbidity and loss of quality of life [5]. Just recently, Duman
et al. reported that in Turkey almost a third of patients with CRPS are not returning to work
[6]. In a retrospective chart review of 143 patients with CRPS who had been assessed
and/or treated at a university-based pain centre in the United States, over half of all patients
were involved in worker compensation claims [7] and a fifth of all patients in law suits [7].
Information regarding relevant prognostic factors in CRPS is sparse or difficult to
interpret, due to the specificity of circumstances in which the information was collected
[8]. For the initiation of CRPS 1 certain psychological characteristics such as depression,
recent life events or emotional instability are considered to be prognostic factors [9]. The
nature and severity of the initiating event does not seem to have a prognostic value on the
course of the disease [10]. In the literature, the following parameters have been identified
as prognostic factors for delayed recovery: duration of the complaints (more than 90 days),
cold CRPS 1, passive coping style and poor controllability of the complaints [11, 12].
The goal of this study is a) to set up a database with patients suffering from suspected
CRPS 1 in an initial stage, b) to perform investigations on epidemiology, diagnosis,
prognosis, and socioeconomics within the database and c) to develop a prognostic risk
assessment tool for patients with CRPS 1 taking into account symptomatology and specific
therapies. Ideally, risk factors are recognized that are present early in the disease course so
that patients with increased risk for delayed recovery can be identified early and treated
adequately to minimize persistent pain and functional disability.
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Methods/Design
Study design
The prospective cohort study follows an observational study design with a consecutive
registration of patients with CRPS 1 for two years. Thereafter, we intend to extend the
follow up of this cohort pending on further funding.
Study population
We will include all consenting eligible patients suffering from a painful swelling of the
hand or foot which appeared within 8 weeks after a trauma or a surgery and which cannot
be explained by conditions that would otherwise account for the degree of pain and
dysfunction.
Inclusion criteria
1.

Painful swelling of the hand or foot which appeared within 8 weeks after a trauma or a
surgery and which cannot be explained by conditions that would otherwise account for
the degree of pain and dysfunction.

2.

One single extremity is affected.

3.

Sings and symptoms are still present at first visit.

4.

Patients able to attend follow-up visits at Balgrist University Hospital, Zurich,
Switzerland.

5.

Age limit 18 years or older.

6.

Signed informed consent.

Rationale for inclusion criteria
Our inclusion criteria are set very broadly. This allows us to distinguish between those
subjects with CRPS like manifestations and others fulfilling diagnostic criteria of current
classification systems. This approach has several advantages. First we are able to develop
statistical tools to identify manifestational profiles that are unlikely to develop CRPS.
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Moreover we are able to study differences in the prognosis of patients with CRPS like
symptoms from patients fulfilling the CRPS criteria. Finally, our over inclusive enrolment
has the potential to inform new classification systems for CRPS with a focus on prognosis
rather than diagnosis.
Exclusion criteria
1.

Other conditions which appeared before the initiating event or which can explain signs
and symptoms better than CRPS 1.

2.

Signs and symptoms on more than one extremity.

3.

Gravidity, lactation.

National and international collaboration
After an initial period, we plan collaboration with other Swiss national medical centres and
societies from medical specialists, insurance companies and patient societies.
Internationally, we collaborate with the Trauma Related Neuronal dysfunction (TREND)
research consortium from the Netherlands [13].
Procedure
We will recruit participants through direct referral from primary care physicians and
medical specialists in physical medicine & rehabilitation, rheumatologists, neurologists,
pain specialists and orthopaedic surgeons. FB, UW and RK perform the screening visit
with possible participants. Subjects who meet the eligibility criteria will receive further
information concerning the study. In particular, the aims and methods will be explained
after which written consent to participate will be sought. This trial has been approved by
the local Ethics Committee of Balgrist University Hospital (Spezialisierte Unterkomission
fur Orthopadie der Kantonalen Ethikkommission, Zurich, Switzerland, reference number
EK01/2008).
Assessments will be performed after 6 weeks, 3 months, 6 months, 12 months, 18 months
and 24 months. The study follows a strictly observational design in which the therapeutic
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intervention will be registered and classified according to the list below (see table 1) and
treatment effects will be recorded for several health related outcomes. The focus will be on
observing the course of the disorder over time and to identify significant risk factors that
may change the course in a positive or negative way. Patients undergo individual treatment
protocols based on best current internationally accepted guidelines [14-16]. In order to
exclude other underlying causes that may account for the degree of pain or limitation
exhibited by the patient, additional laboratory tests or imaging methods will be performed
at the discretion of the physician. However, a minimal set of diagnostic tests will be
obtained in every participants (C-reactive protein and conventional x-ray of both hands
respectively feet). To determine the positive diagnosis of CRPS 1 we will use the IASP
criteria [17]. Simultaneously, we will collect a broad set of CRPS associated signs and
symptoms. This additional information will help us to classify the patients according to
other diagnostic criteria sets (e.g. [10], [18], [19]) and allows us to perform future
adaptations due to changing concepts in CRPS taxonomy.
Safety monitoring and adverse events
Since this study follows an observational design without an actual intervention there is no
substantial risk associated with participation. There is no additional physical and
physiological discomfort to be expected with participation. However, any unexpected
events and adverse events will be registered and followed. The investigator will take care
that all subjects are kept informed. All adverse events will be followed until they have
abated, or until a stable situation has been reached. Depending on the event, follow up may
require additional tests or medical procedures as indicated, and/or referral to the primary
care physician or a medical specialist.
Outcome measures (baseline & follow up)
Figure 1 outlines the way how we will evaluate the health status of the participants. The
assessments were chosen in order to cover the domains as described in the ICF model [20].
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The consequences of CRPS 1 will be monitored at different levels such as body structure
and function, activity and participation as well as contextual factors influencing a person’s
health condition. Table 2 summarizes the instrument used per evaluation point.
Socioeconomic Analysis
Cost analysis
Both direct health care costs, direct non-healthcare costs (patient cost) and indirect cost
(productivity losses) will be included in the analysis. Direct health care costs include the
costs of the diagnostic and prognostic trajectory and staff time (primary care physicians,
specialists in physical medicine & rehabilitation, rheumatology, neurology, pain specialists
and orthopaedic surgeons.). Volumes will be collected using existing registration systems
and cost diaries. Non-medical costs such as productivity losses, time and travel costs and
other out-of-pocket costs for undergoing diagnostic procedures or treatment will be
registered using cost diaries. This diary will be handed over to patients upon their first
visit. Cost calculation will be based on real prices or on unit prices from the Swiss
Guideline for Cost Calculation. In case of household activities, or other unpaid activities
foregone, shadow prices will be used.
Sample size
Since this is a consecutive registration of eligible patients, a sample size calculation is not
necessary. After enrolling the first 100 patients, we perform an internal quality assessment
and, if necessary, perform procedural changes. When the value of a combination of several
variables needs to be quantified no straight forward methods to estimate the required
sample size are available. A frequently used "rule of thumb" recommends that for each
variable included in the analysis, at least 10 patients with a positive outcome (in this case
the resolution of symptoms or other outcomes) are necessary [21]. Based on the
assumption that about one third of patients will not return to work (indicating
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chronification) and the assessment of about 30 covariates we will need to enrol about 700
patients.
Statistical analysis
Epidemiologic data and patient characteristics available on continuous scales will be
presented with medians and interquartile ranges or means and standard deviations as
appropriate. Categorical data will be presented as rates and percentages.
Associations between individual (independent) variables and the outcome variables will be
reported using correlation coefficients. Results from univariate analysis will inform
multivariate modeling.
Assessment of causal associations will be performed using multivariate models including
potential confounders along with the independent variables of interest. Prognostic scores
will be built using either multivariate logistic regression analysis or Cox proportional
hazard models. Models will be validated in cross samples. Calibration and discrimination
of the Cross validated prognostic instruments will be assessed using the Brier Score.
Missing data will be imputed using multiple imputation methods if the assumption that
missingness is at random seems justifiable.
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Discussion
This paper describes the rationale and design of a prospective cohort study following the
course of CRPS 1. We intend to set-up a prospectively acquired clinical database for two
years. To our knowledge this is the first attempt to set up a prospective cohort study with
CRPS 1 patients.
We believe that the project is timely. From a socioeconomic and epidemiological
perspective many questions regarding CRPS remain unanswered. While considerable
efforts have gone into basic science research dealing with pathogenesis of CRPS the
clinical counterpart has not been vigorously fostered. Among the few examples we are
aware of the Dutch consortium Trend which established a registry of cases with CRPS I.
We think that our collaboration with this group has a significant synergistic capacity. Our
partnership will contribute to a better understanding of many important aspects of CRPS
and inform the future research agenda in this area. It is likely to generate considerable
transfer value to the health care system not only because its results will have a direct
impact on patient care but also because it allows identifying patients requiring particular
attention and care. Finally, we believe that this study will guide investigators to set the
research agenda in this rapidly evolving field.

-9-

Abbreviations
CRPS 1 - Complex regional pain syndrome 1;ICF – International Classification of
Functioning, BMI – Body mass index; EQ-5D – EuroQol-5D, TREND – Trauma related
neuronal dysfunction.

Competing interests
The author(s) declare that they have no competing interest.

Authors’ contributions
All authors participated in trial design; FB and LMB drafted the protocol. UW, AGHK,
RSGMP, JM and RK critically reviewed the protocol; UW, RK and FB obtained funding.

Acknowledgements
We are indebted to the Wolfermann-Nägeli Foundation and the Paul Schiller Foundation in
Zurich, Switzerland for the generous financial support. Dr Bachmann’s work (grants no.
3233B0-103182 and 3200B0-103183) was supported by the Swiss National Science
Foundation. The author’s would like to thank the TREND consortium for the collaboration.

-10-

References
1.
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(1-2):119-124.
2.

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(1-2):12-20.

3.

Sandroni P, Benrud-Larson LM, McClelland RL, Low PA: Complex regional pain
syndrome type I: incidence and prevalence in Olmsted county, a populationbased study. Pain 2003, 103(1-2):199-207.

4.

Galer B, Schwartz L, Allen R: Complex regional pain syndromes - Type I: reflex
sympathetic dystrophy, and Type II: causalgia. In: Bonica's Management of
Pain. Edited by JD L. Philadelphia: Lippincott, Williams & Wilkins; 2000: 388411.

5.

Bär E, Felder M, Kiener B: Algodystrophie. Luzern: Schweizerische
Unfallversicherungsgesellschaft; 1998.

6.

Duman I, Dincer U, Taskaynatan MA, Cakar E, Tugcu I, Dincer K: Reflex
sympathetic dystrophy: a retrospective epidemiological study of 168 patients.
Clin Rheumatol 2007, 26(9):1433-1437.

7.

Allen G, Galer BS, Schwartz L: Epidemiology of complex regional pain
syndrome: a retrospective chart review of 134 patients. Pain 1999, 80(3):539544.

8.

Perez RS, Van Hilten JJ, Marinus J: TREND: Source document 1 - Study designs
and outcomes (Version 5). 2007.

9.

Geertzen JH, de Bruijn H, de Bruijn-Kofman AT, Arendzen JH: Reflex
sympathetic dystrophy: early treatment and psychological aspects. Arch Phys
Med Rehabil 1994, 75(4):442-446.

10.

Veldman PH, Reynen HM, Arntz IE, Goris RJ: Signs and symptoms of reflex
sympathetic dystrophy: prospective study of 829 patients. Lancet 1993,
342(8878):1012-1016.

11.

Perez RS, Brum PE, Rijnsburger ER, Zuurmond WA, de Lange JJ: Predictive
value of pain, temperature, volume and range of motion in complex regional
pain syndrome typ 1. Anaesthesiology 2001(95):A803.

-11-

12.

Perez RS, Zuurmond WW, Bezemer PD, Kuik DJ, van Loenen AC, de Lange JJ,
Zuidhof AJ: The treatment of complex regional pain syndrome type I with free
radical scavengers: a randomized controlled study. Pain 2003, 102(3):297-307.

13.

Perez RS, Van Hilten JJ, Marinus J: Trauma RElated Neuronal Dysfunction
Consortium. http://www.trendconsortium.nl/.

14.

Geertzen JHB, Perez RSGM, Dijkstra PU, Kemler MA, Rosenbrand CJGM:
Complex regional pain syndrome 1 guidelines. In. Edited by Specialists NSoR,
Anaesthesiologists NSo. Alphen an den Rjin: Van Zuiden Communications B.V.;
2006.

15.

Harden N (ed.): Complex regional pain syndrome: treatment guidelines.
Milford, CT: RSDSA Press; 2006.

16.

Stanton-Hicks M, Baron R, Boas R, Gordh T, Harden N, Hendler N, Koltzenburg
M, Raj P, Wilder R: Complex Regional Pain Syndromes: guidelines for therapy.
Clin J Pain 1998, 14(2):155-166.

17.

Merskey H, Bogduk N: Classification of chronic pain: description of chronic
pain syndrome and definitions of pain terms., 2nd. edn. Seatle: IASP Press;
1994.

18.

Bruehl S, Harden RN, Galer BS, Saltz S, Bertram M, Backonja M, Gayles R, Rudin
N, Bhugra MK, Stanton-Hicks M: External validation of IASP diagnostic
criteria for Complex Regional Pain Syndrome and proposed research
diagnostic criteria. International Association for the Study of Pain. Pain 1999,
81(1-2):147-154.

19.

Harden RN, Bruehl S, Stanton-Hicks M, Wilson PR: Proposed new diagnostic
criteria for complex regional pain syndrome. Pain Med 2007, 8(4):326-331.

20.

WHO: ICIDH: International Classification of Impairments, Disabilities and
Handicaps. Geneva; 1980.

21.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR: A simulation study
of the number of events per variable in logistic regression analysis. J Clin
Epidemiol 1996, 49(12):1373-1379.

22.

Rommel O, Gehling M, Dertwinkel R, Witscher K, Zenz M, Malin JP, Janig W:
Hemisensory impairment in patients with complex regional pain syndrome.
Pain 1999, 80(1-2):95-101.

23.

Feldman F, Sherman RA, Barja RH, Bruno GM: Thermography of the hand and
wrist: practical applications. Hand Clin 1991(7):99-112.

-12-

24.

Bednarczyk JH, Hershler C, Cooper DG: Development and clinical evaluation of
a computerized limb volume measurement system (CLEMS). Arch Phys Med
Rehabil 1992(73):60-63.

25.

Ryf C, Weymann A: AO Neutral-O Methode, Messung und Dokumentation.
Stuttgart: George Thieme Verlag; 1999.

26.

Burke E, Fahn S, Marsden D, Bressman B, Moskowitz C, Friedman J: Validity
and reliability of a rating scale for the primary torsion dystonias. Neurology
1985, 35:73-77.

27.

Collins S, van Hilten JJ, Marinus J, Zuurmond WW, de Lange JJ, Perez RS:
Development of a Symptoms questionnaire for Complex Regional Pain
Syndrome and potentially related illnesses: the TREND Symptoms Inventory.
Arch Phys Med Rehabil 2008, accepted.

28.

Oerlemans HM, Cup EH, DeBoo T, Goris RJ, Oostendorp RA: The Radboud
skills questionnaire: construction and reliability in patients with reflex
sympathetic dystrophy of one upper extremity. Disabil Rehabil 2000, 22(5):233245.

29.

Roorda LD, Roebroeck ME, van Tilburg T, Molenaar IW, Lankhorst GJ, Bouter
LM, Boonstra AM, de Laat FA, Caron JJ, Burger BJ , Heyligers IC, Nollet F,
Stover-Van Herk IE, Perez RS, Meijer JW, Rijken PM; Measuring Mobility Study
Group.: Measuring activity limitations in walking: development of a
hierarchical scale for patients with lower-extremity disorders who live at
home. Arch Phys Med Rehabil 2005, 86(12):2277-2283.

30.

Roorda LD, Molenaar IW, Lankhorst GJ, Bouter LM: Improvement of a
questionnaire measuring activity limitations in rising and sitting down in
patients with lower-extremity disorders living at home. Arch Phys Med Rehabil
2005, 86(11):2204-2210.

31.

Van Dam-Baggen R, Kraaimaat F: De Inventarisatielijst Sociale Betrokkenheid
(ISB): een zelfbeoordelingstlijst om sociale steun te meten. Gedragstherapie
1992, 25(1):25-46.

32.

Ware JE, Jr., Sherbourne CD: The MOS 36-item short-form health survey (SF36). I. Conceptual framework and item selection. Med Care 1992, 30(6):473483.

33.

von der Schulenburg JM, Claes C, Greiner W: Die deutsche Version des
EuroQol-Fragebogens. Z Gesundheitswissenschaften 1998, 6:3-20.

-13-

34.

Vlaeyen JW, Linton SJ: Fear-avoidance and its consequences in chronic
musculoskeletal pain: a state of the art. Pain 2000, 85(3):317-332.

35.

Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67(6):361-370.

36.

Sangha O, Stucki G, MH. L, Fossel AH, Katz JN: The Self-Administered
Comorbidity Questionnaire: a new method to assess comorbidity for clinical
and health services research. Arthritis Rheum 2003, 49(2):156-163.

-14-

Figure legends
Figure 1

Integrated research model based on ICF model (adapted from [8])
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Table 1: Categories of treatment
Pharmacological treatment:
Topical medications: Topical anaesthetics, topical capsaicin
Oral medications: Acetaminophen, NSAR, opioids, antidepressants, anticonvulsive
medications
Other medications: Corticosteroids, calcitonin, bisphosphonates, vitamin c, nifedipin
Interventional therapies:
Sympathetic blockades, intravenous regional anaesthetic blocks, intravenous blocks,
other blocks, neurolytic sympathetic blocks
Implanted therapies:
Peripheral nerve stimulation, spinal cord stimulator
Functional restoration:
Physical therapy, occupational therapy
Behavioural therapy:
Cognitive therapy, behavioural therapy
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Table 2: Outcome measures (adapted from [8])
Assessments and Instruments

Baseline

6 weeks

3 months

6 months

12 months

24 months

Baseline Variables
Demographic variables

x

Disease related variables

x

Medication

x

Intoxication (smoking, alcohol)

x

x

x

x

x

x

x

x

x

x

x

Body Structure and Functions
Pain
VAS diary pain

x

x

x

x

x

x

Mc Gill pain questionnaire

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Sensory symptoms
Sensory testing [22]
Vasomotor
Thermometry [23]
Sudomotor/edema
Indirect volumetry [24]
Motor/trophic
Range of motion [25]
+

Dystonia (Fahn Marsden Scale) [26]

x

x

x

x

x

x

x

x

x

x

x

x

Radboud Skills Questionnaire [28]*°

x

x

x

x

x

x

Walking Ability Questionnaire [29]”°

x

x

x

x

x

x

Rising & Sitting Ability Questionnaire [30]”°

x

x

x

x

x

x

x

x

x

x

SF-36 [32]

x

x

x

x

EQ-5D [33]

x

x

x

x

x

x

x

TREND Symptoms Inventory [27]
Participation

Participation
Social Involvement Questionnaire [31]
Global Outcomes

Environmental factors
Living situation, education, employment

x

x

x

Personal Factors
Tampa Scale of Kinesiophobia [34]

x

x

x

x

Hospital Anxiety & Depression scale [35]

x

x

x

x

Co-Morbidity [36]

x

x

x

x

The Fahn Marsden Score will only be used in patients with clinical signs of dystonia.
*Only in patients with CRPS 1 in the upper extremity.
“Only in patients with CRPS 1 in the lower extremity.
°These questionnaires will be validated in German as a side project.

+
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Figure 1

Health Condition

Demographic & disease related variables,
Medication

Structure & Function

Visual Analogue Scale
McGill Pain Questionnaire
Semmes-Wein-stein Monofilament test
Thermometry
Range of motion
Bradikinesia measurement
Fahn-Marsden Dystonia Scale
TREND Symptoms Inventory
Case Report Forms Upper & Lower Limb

Enviromental Factors

Living situation
Education
Employment

Global Health

SF-36
EQ-5D

Activity

Radboud Skills Questionnaire
Walking Ability Questionnaire
Rising & Sitting Ability Questionnaire

Participation

Social Involvement Questionnaire

Personal Factors

Co-Morbidity
Age, sex, size, weight, BMI
Alcohol, smoking
Tampa Scale of Kinesiophobia
Hospital Anxiety & Depression scale

