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What's new?
[ 1. if the pain after a conservatively treated distal radius fracture is still >/= 5 on a rating 

scale up to 10 after 1 week, then the risk of CRPS increases.
[ 2. the presence of pressure pain hyperalgesia of the joints distal to a 

fracture/surgery site helps to confirm the clinical diagnosis of CRPS.
[ 3. all CRPS patients should be examined for the presence of post-traumatic stress 

symptoms and general anxiety symptoms. The latter have a negative predictive value 
for the course of therapy.

[ 4. neridronate 400 mg i.v. can reduce pain and hyperalgesia and improve 
quality of life in CRPS < 6 months duration.

[ 5. ketamine infusions over several days reduce pain and improve function in CRPS over a 
period of several weeks, but only to a limited extent. In principle, there is an increased 
risk of undesirable psychotropic effects, dependence and, with repeated use, organ 
damage with ketamine.

[ 6. low-dose intravenous immunoglobulins (0.5 g/kg) are not effective in chronic CRPS.
[ 7. physiotherapy that specifically reduces specific anxiety ("graded exposure") is more 

effective for CRPS than standard physiotherapy.
[ 8 Pain Exposure Physiotherapy (PEPT) improves function but not pain in CRPS and 

is no longer recommended.
[ 9 There is still no evidence of efficacy for regional anesthetic procedures on the 

sympathetic nervous system.
[ 10 Spinal ganglion stimulation of the lumbar spine could be an alternative to spinal cord 

electrical stimulation (SCS).
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The most important recommendations at a 
glance
[ CRPS develops after trauma to the distal extremities. The symptoms are not restricted to 

innervation territories. Only extremely rarely do the symptoms spread to other parts of 
the body during the course of the disease.
Extremities. A pain intensity of ≥ 5 even 1 week after distal radius fracture can be an 
indicator of developing CRPS.

[ The diagnosis is made according to defined clinical criteria, provided that diseases that can 
mimic CRPS have been ruled out. Instrumental examinations (bone scintigraphy, 
temperature measurement, determination of pressure pain hyperalgesia over distal joints 
and, after replication of the initial results, measurement of osteoprotegerin) can be used 
to confirm the clinical diagnosis, especially in doubtful cases. However, due to their 
medium sensitivity (approx. 75%), they are not suitable for ruling out CRPS.

[ If there are no complicating factors and adequate treatment is initiated in good time, the 
prognosis for CRPS is not necessarily poor. In most cases, relevant pain lasting 1 year, 
especially during exertion, must be expected, often even longer.

[Complicating factors that promote chronification are painful therapeutic 
procedures, unjustified invasive measures and psychological comorbidities 
or high levels of anxiety.

[ It is important to differentiate between trauma sequelae that a r e  not caused by CRPS 
itself but are associated with it by patients, such as bone marrow edema, arthrosis, 
myofascial complaints and changes in proximal joints due to the CRPS-associated relieving 
posture (e.g. stiffening of the shoulder joint due to disuse of the arm).

Realistic treatment goals are pain control and extensive recovery of function. However, 
residual symptoms or reduced resilience often remain, which makes reintegration difficult, 
especially in physically strenuous occupations.

The therapy should always be a combination of non-pharmacological and pharmacological 
measures. Interventional forms of therapy should only be used in exceptional cases. The 
cooperation of the patient is essential, but a factor that is difficult to calculate.

The essential components of CRPS therapy are as far as is currently known. The following 
ranking does not reflect a level of recommendation, as comparative studies are lacking.
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1. Bisphosphonates

2. Glucocorticoids for acute post-traumatic inflammatory CRPS (redness, 
hyperthermia, edema)

3. Physiotherapy and occupational therapy (incl. mirror therapy, "Graded Motor Imagery", 
Graded
Exposure) to regain the function

4. Drug therapy for chronic (neuropathic) pain (see corresponding guideline)

5. Psychotherapeutic procedures (included for "graded exposure")

6. In case of resistance to therapy, continuous ketamine infusion over 4 days for 
pain therapy (initially once)

7. In case of resistance to therapy 10(-15) sympathetic blocks for confirmed 
sympathetically maintained pain in experienced centers

8. Spinal cord electrical stimulation (SCS) for chronic, otherwise untreatable pain (see 
AWMF S3 guideline). Spinal ganglion (DRG) stimulation could be equivalent or superior 
to SCS if current results are replicated.

9. Intrathecal administration of baclofen in focal dystonia.

The authors propose the following treatment algorithm:

After a thorough medical history, examination including psychological exploration 
and detailed explanation of the illness

A) Physiotherapy/ergotherapy and oral pharmacotherapy for chronic pain as a 
basic measure

B) In acute symptoms with edema and temperature increase: steroids or 
bisphosphonates

C) If A-B is not sufficiently effective: intensive evaluation of psychological 
comorbidities and their treatment

D) In individual cases, single inpatient continuous infusion of ketamine after individual 
titration, possibly in conjunction with point C. Strict indications apply here and 
continuous monitoring of the patient must be ensured.

E) Any invasive therapy only if indicated by specialized facilities. This also applies 
to a series with a limited number (approx. 10-15) of sympathetic nerve blocks if 
a significant reduction in pain is achieved through the individual blocks.

F) Children should always be treated by an experienced center with pediatric 
expertise without invasive or potentially harmful (e.g. ketamine infusions) 
therapy.
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1 Introduction

1.1 Justification of the necessity of the guideline
Complex regional pain syndromes (CRPS, old names: sympathetic reflex dystrophy, Sudeck's 
disease) develop with variable latency in 2-5% of patients who suffer an injury to an extremity, 
for example a radius fracture, surgery or a nerve injury of any kind. Ankle fractures, intra-
articular fractures, a pre-existing rheumatic disease, pre-existing chronic pain in general and a 
female gender are risk factors for CRPS after trauma (Beerthuizen et al., 2012). The further 
development of CRPS depends on patient factors that cannot yet be specified in more detail 
and cannot be explained, for example, by a surgical error. The epidemiological data from two 
large studies suggest that the incidence is between 5.5/100,000/year (Sandroni et al., 2003) 
and 26.2/100,000/year (Sandroni et al., 2003).
(de Mos et al., 2007). The age distribution follows an approximately normal distribution with a 
maximum between the ages of 40 and 60 (Veldman et al., 1993; Sandroni et al., 2003; de Mos 
et al., 2007). The data on prognosis is still uncertain overall, but 50% extensive remissions can 
be expected in the absence of complicating factors (Sandroni et al., 2003; Bean et al., 2016). 
CRPS can become chronic and lead to severe functional disability, which in turn often has 
significant socio-medical and legal consequences, particularly if the diagnosis is made too late, 
the wrong treatment is chosen and complicating psychological and physical factors are not 
taken into account.

1.2 Aims of the guideline
The aim of this guideline is to optimize the recognition and treatment of complex regional 
pain syndromes. The guideline is evidence-based at S1 level.

1.3 Patient target group
Adults with CRPS I and CRPS II. The recommendations for children are purely informative.

1.4 Service area
All outpatient and inpatient facilities and persons involved in the diagnosis and treatment of 
patients with CRPS.

1.5 Addressees of the guideline
This guideline is intended for all physicians who care for patients with CRPS.
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1.6 Keywords
Complex regional pain syndrome; chronic pain, post-traumatic

2 Definition and classification

2.1 Definition of terms
CRPS is a pain syndrome following trauma to an extremity in which the pain is unreasonably 
severe compared to the expected healing process and in which there are sensory, motor, 
autonomic nervous system and tissue trophic disorders. It is important to note that these 
symptoms can no longer be attributed to direct consequences of trauma. The symptoms must 
therefore occur outside (usually distally) of the trauma site and must not be limited to the 
innervation area of a peripheral nerve or nerve root (cave plexus lesion). Individual acra may 
be omitted. In the case of isolated involvement of large joints without acral involvement, the 
diagnosis of CRPS should only be considered with great caution.

Sensory system: There is regular pain and sensory disturbances. The pain is usually already 
present at rest and always intensifies with exertion. Increased pressure pain (pressure 
hyperalgesia) is almost always found in the periarticular structures, the presence of which 
supports the diagnosis of CRPS (Mainka et al., 2014). On the skin, a subgroup of patients have 
mechanical and thermal hyperalgesia (Gierthmuhlen et al., 2012). Furthermore, CRPS is 
characterized by characteristic disorders of body perception and body schema (neglect-like 
symptoms) (Frettloh et al., 2006; Lewis et al., 2010; Reinersmann et al., 2010; Reinersmann et 
al., 2012; Kolb et al., 2012), which are also typical of CRPS.

Motor skills: The focus is on a restriction of active and passive mobility, disorders of fine motor 
skills, pain-related loss of strength and even pseudoparesis.
Tremor, myoclonus and fixed dystonia occur less frequently (Harden et al., 2010b).

Autonomic nervous system: Affected are skin circulation (changes in skin temperature and 
skin color), sweating and the volume of the extremities (edema). These symptoms vary 
greatly from person to person over the course of the disease (Birklein et al., 1998).

Trophic disorders: They are found on skin appendages (hair, nails), in connective tissue, 
muscles and bones (Birklein et al., 2000; Baron & Janig, 2004). If left untreated, the trophic 
changes quickly lead to restricted movement, contractures and sometimes difficult-to-treat 
joint deformities. Secondarily, proximal extremities and joints (shoulder, knee, elbow, hip 
joint) can also be affected.
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Psychological factors: While critical life events are risk factors for the development of CRPS 
(Geertzen et al., 1998), a recent meta-analysis also found no clear constellation of 
psychological factors that predispose to the development of CRPS (Beerthuizen et al., 2009; 
Beerthuizen et al., 2011; Beerthuizen et al., 2012). As with many chronic diseases (especially 
pain disorders), secondary psychological changes are also present, which, although not causal, 
influence the course and treatment. In patients with severe psychological pre-traumatization 
(Speck et al., 2017) or illness, however, it is not uncommon for the previous illness to 
decompensate, leading to a complication-rich course of CRPS. In addition, aggressive and 
dependent behaviors, increased anxiety (Dilek et al., 2012) and affect lability as well as sleep 
disorders, depressive moods, combined with self-esteem and self-image problems (Frettloh et 
al., 2003) are often found, which can particularly influence the treatability (Bean et al., 2015). 
Early psychological diagnosis and therapy (support) are therefore of central importance, 
without which purely medical treatment will fail, especially in cases of severe progression or 
resistance to therapy (Maier & Baron, 2003).

2.2 Classification
With regard to the classification of CRPS, there are two useful distinctions:

If the damage results in demonstrable injury to larger peripheral nerves, it is referred to as 
CRPS II, otherwise as CRPS I (Stanton-Hicks et al., 1995; Oaklander et al., 2006).

Another possible distinction concerns the skin temperature at the onset of CRPS symptoms. 
Around 70% of patients have warm, inflamed skin, while the remaining 30% have cold, livid 
skin (Bruehl et al., 2016). This distinction may have implications for the course of the disease. 
Patients with primarily cold CRPS have a poorer prognosis (Vaneker et al., 2005).

2.3 Aspects not covered by this guideline
This guideline cannot provide an overview of the pathophysiology of CRPS, nor of the certainly 
very complex assessment (pension insurance, BG, private accident insurance), which becomes 
necessary when accidental injuries are the triggering factors.
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3 Diagnosis of CRPS

3.1 Preamble
The diagnosis "CRPS" is a clinical diagnosis. Therefore, taking a medical history and 
performing a clinical and neurological examination are the decisive steps in making a 
diagnosis. In principle, medically ascertained and documented findings are more important 
for the diagnosis than the description of symptoms alone. A
An essential characteristic of CRPS is that the symptoms "generalize", i.e. they affect almost 
the entire distal affected extremity. It is essential that the diagnosis of CRPS is made in time 
with the trauma. A sensible period would be approx. 2 - 3 months, at which point the 
diagnostic criteria must be fulfilled. Diagnoses based solely on the persistence of pain, in some 
cases years after the trauma, are not infrequently a diagnosis of embarrassment (Birklein & 
Schlereth, 2013). A "red flag" after a radius fracture is persistent pain with a severity of ≥ 5 out 
of 10 one week after the fracture (Moseley et al., 2014).
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3.2 Diagnostics flowchart
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3.3 Diagnostics
Basic diagnostics
The International Association for the Study of Pain (IASP) has recognized the sensitive (99%) 
and moderately specific (68%) purely clinical criteria for making a diagnosis (Harden et al., 
2010a). All points 1 to 4 must be fulfilled. Particular attention should always be paid to point 4. 
The diagnosis of CRPS requires great care.

1) Persistent pain that is no longer explained by the initial trauma
2) Patients must report at least 1 symptom from each of 3 of the following 4 

categories in their medical history:
a. Hyperalgesia (hypersensitivity to pain stimuli); "hyperesthesia"

(hypersensitivity to touch, allodynia)
b. Asymmetry of skin temperature; change in skin color
c. Asymmetry of local sweating; edema
d. Reduced mobility, dystonia, tremor, "paresis" (in the sense of

weakness); changes in hair or nail growth
3) Patients must have at least 1 symptom from 2 of the following 4 categories at 

the time of the examination:
a. Hyperalgesia to sharp stimuli (e.g. toothpicks); allodynia; pain when pressure 

is applied to joints/bones/muscles
b. Asymmetry of skin temperature; change in skin color
c. Asymmetry of local sweating; edema
d. Reduced mobility, dystonia, tremor, "paresis" (in the sense of

weakness); changes in hair or nail growth
4) Another disease does not adequately explain the symptoms.

Although not necessarily required in the diagnostic criteria, the skin temperature should be 
measured with suitable instruments and all other symptoms should be assessed clinically. In 
order to be able to answer point 4, the following diseases in particular, which can simulate 
CRPS, must be excluded from the differential diagnosis: rheumatic diseases, inflammations 
(e.g. pathogen-induced arthritis, infections following surgery, polyneuritis, polyradiculitis, 
plexus damage), thromboembolic diseases, compartment and nerve compression syndromes. 
Laboratory tests are also used for this purpose. CRPS itself is not characterized by 
abnormalities in routine laboratory parameters such as CRP elevation or BSG acceleration. It is 
often not easy to differentiate CRPS from the consequences of mental illness, especially in the 
presence of a dissociative disorder with autoaggressive actions. The course of the disease 
should be documented using methods commonly used in pain therapy, including pain 
quantification, functional parameters (strength, range of motion, circumference 
measurement) and autonomic dysfunctions. The use of the CRPS severity scale CSS (Harden et 
al., 2010b) offers the possibility of not only
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to grade the severity of CRPS, but also to document its progression (Harden et al., 
2017).

Clinical and instrumental confirmatory diagnostics
The longer a CRPS exists, the more difficult it is to differentiate it from changes caused by 
chronic non-use or reduced use due to other causes. It is helpful to document images of the 
affected extremity at all stages of the disease.

There are findings that can confirm the diagnosis of CRPS, which is made on the basis of the 
above-mentioned diagnostic criteria, or rule out other diagnoses.

[ A specificity of 75% (with a sensitivity of 40%) for the clinical diagnosis "CRPS" has a value 
of >/= 4 on a questionnaire that asks about attention phenomena for the affected 
extremity (Frettloh et al., 2006). This questionnaire is a self-report. The higher the score 
(maximum 6), the greater the specificity and the lower the sensitivity.

[ Increased pressure pain (pressure hyperalgesia) is almost always found in the periarticular 
structures, the presence of which can support the diagnosis of CRPS. In a relatively small 
study (n = 18 CRPS vs. 16 pain controls) (Mainka et al., 2014), the pressure pain thresholds 
were averaged over all proximal interphalangeal joints of the affected hand. If the value 
was 102 kPA or below (pressure pain hyperalgesia), then the clinical diagnosis of CRPS 
could be confirmed with a specificity of 94% (with a sensitivity of 82%). This only applies to 
CRPS of the upper extremity.

Instrumental diagnostics can also be used to confirm the clinical diagnosis of CRPS.

[ The qualitative evaluation of a 3-phase bone scintigram (band-shaped enrichment near 
the joint) with technetium-99m diphosphonate has a sensitivity of approx. 30-50%, but 
high specificity (up to 100%) (Schurmann et al., 2007; Wuppenhorst et al., 2010). The 
quantitative evaluation of accumulation in the metacarpo-phalangeal and proximal and 
distal interphalangeal joints using a region of interest (ROI) analysis in a side-by-side 
comparison (quotient >/= 1.32) is more sensitive (69%) with 75% specificity 
(Wuppenhorst et al., 2010) in CRPS in the first year of the disease.

[ Measurement of the osteoblast activity marker osteoprotegerin in serum can potentially 
replace or supplement 3-phase bone scintigraphy (Kramer et al., 2014) if the positive 
result is replicated in an independent study.

[ Repeated measurement (Wasner et al., 2002) or long-term measurement (over 7 hours) 
(Krumova et al., 2008) of skin temperature in a side-by-side comparison is also suitable for 
supporting the diagnosis of CRPS. Although temperature differences of > 1-2 °C are not 
conclusive, they do support the diagnosis. More specific are right-left asynchronous 
fluctuations and oscillations in skin temperature, which can only be detected by 
continuous long-term measurement (Krumova et al., 2008).
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[ In conventional radiographs, approximately 50% of patients show generalized, small-
spotted, osteoporotic changes near the joint after 4-8 weeks. The images should be 
performed in lateral comparison in order to i n c r e a s e  sensitivity (Gradl et al., 2003). 
However, X-rays or CT scans are not indicated for monitoring the progression of CRPS. 
There is a great risk of confusion with inactive osteoporosis. Magnetic resonance imaging 
is often performed for differential diagnostic reasons, but is not suitable for the diagnosis 
of CRPS due to its very low specificity (Graif et al., 1998). In particular, bone edema, e.g. 
bone bruises, are not suitable for confirming the diagnosis of CRPS.

If CRPS is clinically certain based on the medical history and findings, no additional diagnostics 
are required. If the clinical diagnosis is uncertain, e.g. if symptoms develop spontaneously, or 
in the case of foreseeable assessments (e.g. following occupational accidents), we 
recommend at least a bone scintigraphy at an early stage. Further diagnostics must be 
arranged individually and depend on the possible differential diagnoses.

4 Therapy of CRPS

4.1 General recommendations for therapy
It is a fundamental problem of many studies on the treatment of CRPS that they do not 
differentiate sufficiently between the effectiveness on pain, function or clinical symptoms. As 
yet unpublished results of a completed Europe-wide survey of CRPS patients showed that pain 
reduction is the most important therapeutic goal for patients. Functional improvement comes 
second. A further difficulty is that treatability presumably varies at different stages. Therapy 
concepts for other neuropathic pain disorders are also only transferable to a limited extent. 
Accordingly, the quality of intervention studies for CRPS is generally low (O'Connell et al., 
2013). This shortcoming must generally be taken into account when evaluating the study 
results.

The success of CRPS treatment also depends on multidisciplinary therapy being provided as 
early as possible. Depending on the course and severity of the condition, the treatment of the 
pain can be combined with that of the loss of function and any accompanying psychological 
disorders.

The basic structure of such a multimodal therapy could be as follows, although there are no 
validated studies on this. The therapy specific to CRPS is reported below.
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1) Even at the beginning of the disease, movements should be initiated carefully and 
with the active cooperation of the patient. Passive measures that are applied against 
the patient's will and without control and that lead to an increase in pain are 
contraindicated, as they prevent the patient's further cooperation, aggravate the 
CRPS and can thus make functional restitution through the development of 
contractures impossible if movement is avoided. Analgesics are often at least 
partially effective here and should also be tried to achieve these therapeutic goals.

2) Neuro- and joint-rehabilitative procedures then come to the fore. Gradually, 
activation becomes increasingly important, while pain therapy recedes into the 
background.

3) The treatment of functional disorders (movement, sensory function) takes place in 
the third stage. Here, functional-orthopaedic-psychological rehabilitation and 
psychosocial reintegration become the focus of treatment. Medication-based pain 
therapy is often only required to a limited extent (Maier & Baron, 2003).

Preamble
Only medications/procedures that have shown positive results (in the primary endpoint, if 
defined) in at least one randomized, controlled treatment trial (RCT) with a case number of 
n >/= 10 in CRPS are listed below. RCTs that refute the initial positive results are also listed. 
A large number of other therapies and procedures, some of which were reported 
casuistically, delivered exclusively negative results or represent unusual forms of therapy 
that cannot be scientifically justified, are not discussed or not discussed in detail.
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4.2 Therapy flowchart

4.3 Systemic drug therapy for CRPS
Bisphosphonates
Recommendation: Bisphosphonates are effective in CRPS of the upper and lower extremities 
with regard to pain, function and patient self-assessment and can therefore be 
recommended. It is currently not possible to make reliable statements as to when the use of 
bisphosphonates is justified in the course of CRPS. The dose of alendronate p.o. used in the 
corresponding study is unusually high.

Mode of action: Bisphosphonates inhibit osteoclast activity, have a long-term anti-inflammatory 
effect and modulate spinal microglia.

There are various analogs. With oral bisphosphonates, there is the fundamental problem of 
unreliable absorption (~ 1%).

Evidence: Five RCTs are available on the treatment of CRPS with bisphosphonates, all of which 
show a significant effect of bisphosphonates compared with placebo on pain and function.



 Diagnostics and therapy of complex regional pain syndromes - Guidelines for diagnostics and therapy in n e u r o l o g y  

Guidelines for diagnostics and therapy in neurology © DGN 2018 | Page 17

prove. The observation period was up to 3 months. The bisphosphonates used were 
alendronate i.v. (n = 10) (Adami et al., 1997) or per os (n = 40) (Manicourt et al., 2004), 
clodronate i.v. (n = 32) (Varenna et al., 2000), pamidronate i.v. (n = 13) (Robinson et al., 2004) 
and neridronate i.v. (Varenna et al., 2013). Most of the patients included in the studies had 
osteoporosis near the joint as evidenced by X-ray. It is not possible to say whether the efficacy 
of bisphosphonates differs between acute and chronic phases of CRPS. Pathophysiologically, 
bisphosphonates make more sense in acute stages of the disease.

Dosage: Alendronate is administered either orally in the high dose of 40 mg/day over 8 weeks 
or i.v. 7.5 mg on 3 consecutive days. Clodronate is administered i.v. at a dose of 300 mg on 10 
consecutive days, pamidronate once at a dose of 60 mg and neridronate four times at 100 mg 
every third day.

Undesirable effects: Bisphosphonates irritate the mucous membranes. The side effects 
therefore mainly manifest themselves in the form of nausea, belching, heartburn, stomach 
pain or cramps. Oral bisphosphonates should therefore be taken in the morning on an empty 
stomach with a large glass of tap water. Afterwards, patients must not lie down for at least 
half an hour. Fever and flu-like symptoms have also been reported. The most serious side 
effect is osteonecrosis of the jaw. A dental consultation at the start of treatment is strongly 
recommended.

Steroids
Recommendation: Based on the positive results of the studies and our own experience, a 
recommendation can be given for the use of steroids in early inflammatory (redness, 
hyperthermia, edema) CRPS cases despite the small number of cases. Another argument in 
favor of the use of steroids is that the therapeutic outcome can be assessed within a few days 
(up to a maximum of 3 weeks). In chronic CRPS (> 6 months duration), steroids are effective in 
individual cases, but not in the majority of cases. The usual contraindications for the use of 
steroids speak against this. A reliable recommendation for dose or duration of therapy cannot 
be given at present; there is no indication for long-term therapy.

Mode of action: Glucocorticoids have an anti-inflammatory and anti-oedematous effect, 
which they exert by binding to glucocorticoid receptors on the cell nucleus and their 
direct effect on cell membranes.

Evidence: Steroids have been used in the treatment of CRPS since the 1970s. In addition to 
open studies (Kozin et al., 1981; Braus et al., 1994; Grundberg, 1996), there are two RCTs that 
prove the efficacy of steroids. In a small study (n = 13), prednisolone significantly improved 
symptoms in post-traumatic CRPS I compared to placebo (Christensen et al., 1982), and later 
this result was replicated in a larger study (n = 60) in post-stroke CRPS compared to NSAIDs 
(Kalita et al., 2006). Critically, it should be noted that the incidence of post-stroke CRPS was 
unusually high in the latter study.
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There are also negative studies on CRPS I. An open 2-center study of 31 patients with CRPS with 
an average duration of 15 months and previously unsuccessful treatment was unable to 
demonstrate any significant reduction in pain (function was not tested) with glucocorticoids 
(100 mg prednisolone, dosed within 2 weeks or 60 mg prednisolone, dosed after 3 weeks) (p = 
0.059). The efficacy was only clear in individual cases (Barbalinardo et al., 2015). In another 
study (n = 10), methylprednisolone 40 mg (+ lidocaine 10 ml 2%) was administered once a week 
a total of three times in a modified Bier block (tourniquet of the extremity) (Taskaynatan et al., 
2004). The patients improved under the therapy, but the result was different from the placebo 
group (lidocaine
10 ml 2%) did not differ. In a further study with chronic CRPS patients (n = 21), a single 
intrathecal application of 40 mg methylprednisolone was also ineffective in terms of pain and 
functional improvement. The last two studies have in common that the forms of application, 
the dose (frequency of application) or the stage of the disease were unsuitable to prove a 
steroid effect. The other negative study (Barbalinardo et al., 2015) may have investigated the 
wrong CRPS population (chronic cases).

Dosage: Based on the study situation to date, a prednisolone equivalent of
> 30-40 mg/day for 4 weeks in acute CRPS (up to 6 months duration). This dosage is only a 
guide. The authors themselves have better experience with initially significantly higher doses 
of prednisolone equivalent (>/= 100 mg orally), which is then tapered off over 2.5 weeks. 
Individual adjustment is often necessary, and treatment may need to be repeated if 
symptoms recur.

Undesirable effects: There are all the known and sometimes obligatory side effects of steroid 
therapy. However, their severity is only moderate at the dose and duration suggested above.

N-acetylcysteine (NAC)
Recommendation: NAC can be tried in patients with cold CRPS. This is a "cost-benefit" 
consideration. The evidence on efficacy is small, but NAC is virtually free of side effects.

Mode of action: NAC scavenges free radicals that arise during inflammation and ischemia.

Evidence: There is one RCT on the efficacy of NAC in CRPS in which orally administered NAC 
was compared to dimethyl sulfoxide (DMSO) cream (Perez et al., 2003). NAC was as effective 
as DMSO. Based on the premise that DMSO cream is effective in CRPS (see below), it can be 
concluded that ACC is effective, especially in primary cold CRPS cases. However, since oral 
NAC has an absorption rate of only 10% and more recent studies cast doubt on the efficacy of 
oral NAC in its original indication (COPD (Decramer et al., 2005)), this substance needs to be 
re-examined. This applies in particular because several, in some cases high-quality, double-
blind RCT studies were unable to demonstrate any efficacy of the radical scavenger mannitol 
(Perez et al., 2008; Tan et al., 2010).
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Dosage: 3 x 600 mg per day.

Undesirable effects: none worth mentioning.

Medication for pain with CRPS
Only gabapentin and ketamine have been studied as medications for pain in CRPS in RCTs. 
However, in the opinion of the authors, the partially neuropathic nature of the pain in CRPS 
also allows certain analogous conclusions to be drawn with regard to other medications or 
topical therapies. At this point, explicit reference should therefore be made to the guideline 
"Therapy of neuropathic pain".

Gabapentin

Recommendation: The use of gabapentin for the treatment of pain and sensory disturbances in 
CRPS can be recommended with restrictions.

Mode of action: An effect on the α2/δ subunit of neuronal calcium channels is considered 
certain.

Evidence: Gabapentin specifically for CRPS (n = 58) was only examined in one RCT; the effect 
was only slightly positive, more in relation to sensory disturbances than to pain (van de 
Vusse et al., 2004). There is no study on CRPS for pregabalin, which has a similar effect.

Dosage: Starting dose: 300 mg. Increase: by 300 mg daily up to 1200-2400 mg in three single 
doses. Maximum dose: 3600 mg.

Undesirable effects: especially initially tiredness and dizziness, weight gain with prolonged use.

Ketamine and memantine (NMDA receptor antagonists)

Recommendation: The use of i.v. ketamine as an analgesic for the treatment of pain in CRPS 
can be recommended for use in experienced centers based on 2 positive RCTs despite the 
authors' reservations (incomplete blinding due to obligatory ketamine side effects in the 
RCTs; liver toxicity; cognitive impairment; risk of abuse). Memantine in combination with 
morphine cannot be recommended due to insufficient data. Further studies must follow.

Mode of action: Ketamine (strong) and memantine (weak) block NMDA receptors in the 
peripheral and especially in the central nervous system. The analgesic/antihyperalgesic efficacy 
of ketamine has been proven in studies outside the CRPS indication, but not for memantine.

Evidence: Two double-blind RCTs have been conducted in recent years on the efficacy of 
systemic i.v. ketamine on pain in CRPS. Both studies were positive. The most important study 
(Sigtermans et al., 2009) included 60 patients with chronic CRPS (7.5 years duration). The 
therapy was administered as a continuous infusion over four days. The dose was titrated 
individually according to efficacy and side effects; the average dose was 22.2 mg/h at 70 kg 
body weight. The pain reduction in the verum group was highly significant
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stronger and lasted longer (up to 12 weeks) than in the placebo group. The effect on the 
function of the diseased extremity was comparatively small (Schilder et al., 2013). The second 
study with 19 patients (Schwartzman et al., 2009) confirmed the result (pain reduction for 12 
weeks; no/low effect on function), but here a 10-day infusion cycle (4 h daily) with 0.35 
mg/kg/h (max. 100 mg/day) ketamine (after initial titration) was carried out. A striking 
feature of this study was the lack of response in the placebo group, indicating incomplete 
blinding.

A double-blind RCT with 20 CRPS patients was conducted on the efficacy of oral memantine 
(40 mg) in combination with morphine (30 mg) (Gustin et al., 2010). Memantine in 
combination with morphine was more effective than morphine alone with regard to pain at 
rest and during movement and with regard to mood. In addition, the activation of pain-
relevant somatosensory brain regions during movement in the fMRI was smaller with 
memantine.

Dosage: continuous infusion titrated individually according to efficacy with 22.2 mg/h/70 kg 
ketamine over 4 days; or fixed 0.35 mg/kg/h (max. 100 mg) over 4 hours for 10 consecutive 
days. Memantine at a dose of 40 mg/day as an add-on to morphine, for which no efficacy in 
the treatment of CRPS has been proven.

Adverse effects: the typical side effects of ketamine and memantine such as nausea, 
vomiting, dizziness, fatigue, psychomimetic effects, dysphoric mood, dependence. There is 
also a risk of liver toxicity with repeated ketamine infusions (Noppers et al., 2011) and 
cognitive problems with long-term treatment (Kim et al., 2016).

4.4 Topical drug therapy for CRPS
Dimethyl sulfoxide (DMSO)
Recommendation: DMSO is the standard treatment for CRPS in the Netherlands. In the authors' 
opinion, however, the study situation is too unclear to make a clear recommendation.

Mode of action: DMSO penetrates the skin and scavenges free radicals produced by 
inflammation and ischemia.

Evidence: There is one study (n = 32) comparing DMSO with placebo for the treatment of 
CRPS with 50% DMSO cream (Zuurmond et al., 1996). After 2 months, the outcome of 
patients treated with DMSO was significantly better in terms of pain and function.
Building on this study, a larger RCT study (n = 146) by the same working group (Perez et al., 
2003) compared DMSO with oral NAC (see above). The result was essentially the same for 
both forms of therapy. There was one significant difference to the first DMSO study: instead of 
a neutral smelling placebo, a placebo treatment with a similar characteristic odor to DMSO 
was chosen. This allows 2 possible interpretations: Either DMSO and NAC are equally effective, 
or, if the first study was not truly blinded, both forms of therapy could also be equally 
ineffective.
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Dosage: 50% DMSO is mixed in greasy cream (Vaseline) and applied to the affected extremity 5 
times/day.

Undesirable effects: Local skin irritation may occur. Finally, there is at least a theoretical 
possibility of DMSO being carcinogenic.

4.5 Rehabilitative therapy
Studies on the effectiveness of an active form of therapy are naturally not "blinded" in the 
sense of pharmaceutical studies, but should be controlled. The basic goals of therapy are to 
maintain or improve mobility and function. Sometimes specific assistance is also required to 
integrate the disability into everyday life.

Recommendation
For the functional rehabilitation of CRPS patients, both physiotherapy and occupational 
therapy, which are individually tailored to the patient's symptoms and carried out 
competently, are indispensable. The effectiveness of interdisciplinary rehabilitative therapy 
has been proven (Singh et al., 2004).

Physiotherapy
Mode of action: Physiotherapy in the conventional sense is intended to compensate for 
pathological movement patterns and restore adequate function. This also prevents late 
damage such as contractures due to "non-use" (avoidance of pain, "learned non-use") of the 
painful extremity (Barnhoorn et al., 2015). Lymphatic drainage and local cooling are suitable 
for treating edema, possibly also as
"descending" baths, although strictly speaking there is only one negative study for lymph 
drainage (Uher et al., 2000). As soon as the pain allows activation, traction and mobilization 
treatment of the affected joints can also be started. This is followed later by weight-bearing 
exercises and, in the case of the lower extremity, gait training, possibly with aids. If patients 
feel confident enough to move the affected limb themselves despite the pain, they should be 
encouraged to do so at every stage of the disease.

In "Pain Exposure Physical Therapy", physiotherapy (including passive procedures) is carried 
out with the patient's consent, ignoring pain. Pain is also no longer discussed. In an open 
study, this approach led to an improvement in function in 90% of patients and an 
improvement in pain in 75% after 3 months (Ek et al., 2009); however, this effect could not be 
confirmed in an RCT (primary ITT analysis) (Barnhoorn et al., 2015). The positive effects of 
PEPT in the "per protocol" analysis should be interpreted with caution, as the numerous pain-
related study dropouts are not taken into account.
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Evidence: Two RCTs were conducted by the same working group on the effectiveness of 
individually tailored physiotherapy for CRPS (shorter than 1 year duration) (Oerlemans et al., 
1999; Oerlemans et al., 2000). Both studies found that physiotherapy had a positive effect on 
both pain and function. The control groups were treated with occupational therapy (see 
below) or social therapy. PEPT has no effect on CRPS pain (Barnhoorn et al., 2015).

Occupational therapy
Mode of action: Occupational therapy is intended to reduce painful movement patterns, 
restore normal sensitivity and ensure everyday function. To this end, active desensitization of 
the skin areas affected by allodynia should be started several times a day for a short period of 
time. The aim is to get the affected body region used to everyday touch again. Later, there is a 
gradual change towards practicing pain-free movements and training fine motor skills, initially 
without resistance and later against resistance. In the next step, a gradual correction of the 
position can take place, if necessary also using aids (thumb wedges, functional dynamic 
splints). The patient's cooperation and constant repetition of the exercises learned are 
essential.

Evidence: The two studies on the effectiveness of physiotherapy also investigated the 
effectiveness of individual occupational therapy in parallel groups (Oerlemans et al., 1999; 
Oerlemans et al., 2000). Both studies found that occupational therapy had a positive effect 
on both pain and function in CRPS lasting < 1 year. However, the effectiveness was lower 
than that of physiotherapy.

Dosage: The duration of physiotherapy or occupational therapy should be 20-30 minutes, the 
frequency of treatment should be tailored to individual needs; as a rule, 2-5 therapy 
sessions/week are desirable.

Undesirable effects: If occupational therapy triggers severe pain and anxiety, the symptoms 
can worsen and the course of the disease can be prolonged. The occurrence of minor pain, 
which must be communicated to patients and accepted by them, is often unavoidable in order 
to achieve progress in therapy.

Physiotherapy with behavioral therapy elements (mirror 
therapy, "Graded Motor Imagery Program", "Graded Exposure")
Recommendation: These forms of therapy have become important components of CRPS therapy 
and can also be carried out by patients themselves. Their use is recommended at an early stage.

Due to negative results in an open multicenter study, the largest
There is still a question mark over the "Graded Motor Imagery", which is not yet clear,
whether it is really effective outside of well-controlled monocenter studies. The
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The significance of mirror therapy alone is unclear due to the small number of cases in the 
studies.

Mode of action: These forms of therapy have two modes of action. Firstly, they normalize the 
interaction between sensory and motor functions at a cortical level, and secondly, they reduce 
anxiety when dealing with the painful extremity.

Evidence: Mirror therapy as the sole form of therapy is effective in acute CRPS cases, as shown 
in small controlled studies (McCabe et al., 2003), and is particularly impressive in CRPS after 
stroke (Cacchio et al., 2009).

In chronic CRPS cases, graded motor imagery, consisting of left-right recognition, imagery 
of movement and mirror therapy, is effective. This was shown in two single-author RCTs 
(Moseley, 2004, 2006). However, a subsequent open multicenter study was unable to 
confirm this result (Johnson et al., 2012).

In the "Exposure In Vivo" (EXP) procedure, anxiety-triggering situations (e.g. pain triggered by 
a certain movement, situation, pain-related anxiety) are first identified and treated by a 
psychologist according to their hierarchy, and the patient is simultaneously exposed step by 
step (physiotherapist). The effectiveness of EXP was initially investigated in a small case-
control study (de Jong et al., 2005). In a large case series on chronic CRPS (n = 106) and a 
recently published RCT, the effectiveness of the procedure was impressively confirmed 
compared to conventional rehabilitative therapy (den Hollander et al., 2016). EXP not only 
reduces pain, it also improves function and disability. Some pain is deliberately accepted by 
patients (no pain, no gain), in contrast to conventional physiotherapy (no gain with pain).

Dosage: Mirror therapy and Graded Motor Imagery are carried out by the patients themselves 
in 10-minute sessions, if possible every waking hour of the day, after instruction phases by 
therapists. The entire cycle lasts 6 weeks. For the "Graded Exposure" method, continuous 
therapy over 17 weeks at 1 h/week is suggested. Home exercises are essential.

Undesirable effects: None, however patient compliance must be checked. There may be a 
temporary increase in pain.

4.6 Psychotherapeutic procedures
Recommendation: This form of therapy is an important component in the treatment of CRPS, 
especially if there are signs of accompanying mental illnesses or if the symptoms do not improve 
adequately over a longer period of time with predominantly somatic-oriented therapy (Bean et 
al., 2016).

Mode of action: They are primarily used to provide a model to alleviate anxiety in order to 
better assess the psychological symptoms that patients perceive in themselves, among other 
things. Some patients require crisis intervention, relaxation and
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Imagination techniques. In the course of therapy, techniques for self-awareness of physical 
resilience are taught, which also contribute to the regulation of appropriate physical 
relaxation and stress behavior. In addition to relaxation and biofeedback methods, behavioral 
analyses and exercises as well as cognitive interventions to overcome fear of movement have 
proven effective. To a large extent, this also corresponds to the psychological intervention for 
EXP (see above).

Patients who already had a mental disorder before the onset of CRPS require more intensive 
psychotherapeutic care. Excessive experiences of loss of control, helplessness and fear, which 
are triggered either in the medical history (Speck et al., 2017) or by the CRPS or by medical and 
physiotherapeutic interventions, may lead to forgotten stimulus-response connections or 
cognitive and emotional schemata being reactivated. In these cases, the respective 
psychotherapeutic treatment plays a key role in the overall therapy, on which the timing of 
medical, particularly invasive, interventions should also depend.

Evidence: There are two small studies with few patients that suggest the effectiveness of a 
psychotherapeutic intervention for CRPS compared to physiotherapy alone (Lee et al., 2002; 
Bruehl & Chung, 2006). However, the results of a large number of studies on other chronic 
pain syndromes (Turner et al., 2006) can probably also be applied to CRPS.

Undesirable effects: none. However, incorrect psychotherapy can exacerbate symptoms.

4.7 Interventional therapy
As serious complications can occur in individual cases, these procedures must be reserved for 
physicians trained in this field. Many different procedures are used in practice, which is why 
this guideline only deals with therapeutic procedures for which there is a scientific rationale 
and positive randomized studies, as defined at the beginning of this chapter. It should be 
critically noted that the overall quality of clinical studies on this topic is poor. For example, a 
very recent meta-analysis of the Cochrane Library on the efficacy of sympathetic nerve blocks 
(O'Connell et al., 2016) and sympathectomies (Straube et al., 2010) for neuropathic pain and 
CRPS once again emphasized that the data situation does not permit a recommendation.

Sympathetic blockades
Mode of action: Animal experiments have shown that under certain circumstances the 
sympathetic nervous system is able to excite pain fibers. In a subgroup of patients with CRPS, 
activation of the sympathetic nervous system intensifies the pain and in particular the 
allodynia (Ali et al., 2000; Baron et al., 2002). This
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Pain is then referred to as sympathetically maintained pain (SMP). This has led to the reverse 
conclusion that blockades of the sympathetic nervous system should lead to pain reduction, 
particularly in these patients. Unfortunately, there is no clinical symptom that proves or 
excludes the involvement of the sympathetic nervous system in the maintenance of pain in 
individual patients. Ultimately, only the analgesic effect of a sympathetic blockade is relevant 
for the diagnosis of SMP. For such diagnostic sympathetic blocks, particularly high demands 
must be placed on the standard of performance and evaluation of effectiveness. Although it is 
crucial from a theoretical point of view that the sympathetic efferents to the affected 
extremity are actually switched off, a study that investigated this in more detail found no 
correlation between the efficiency of the blockade of sympathetic nerve function and pain 
reduction (Schurmann et al., 2001), which indicates non-specific effects. Due to its 
invasiveness, SMP diagnosis only makes sense if drug and non-drug primary therapies have 
been unsuccessful. In any case, longer series of injections without significant improvement are 
pointless (Maier & Gleim, 1998).

Border cord blocks with local anesthetics (stellate ganglion, lumbar border cord)

Recommendation: The general use of sympathetic nerve blocks for the treatment of CRPS 
cannot be recommended due to a lack of evidence (negative Cochrane Review).
However, sympathetic blocks may be helpful in the event of positive failure of test injections 
as a series of treatments limited to a maximum of a few weeks for otherwise therapy-
resistant, sympathetically maintained rest pain. Contrary to current practice, their use should 
be reserved for specialized centers.

Evidence: There are three usable RCTs in the literature that investigate the effectiveness of 
borderline blocks in reducing pain in CRPS. In the first study, stellate blocks were examined 
against intravenous guanethidine blocks. Both were equally effective (or ineffective, see 
above) (Bonelli et al., 1983). In the second study, local anesthetic was tested against placebo 
(Price et al., 1998). The analgesic effect of the sympathetic blockade was equal to placebo in 
terms of maximum analgesic effect, but lasted significantly longer. A small cross-over RCT with 
botulinum toxin for longer-lasting sympathetic blockade showed a potentially similar result 
(Carroll et al., 2009).
However, this study (n = 7, incomplete results report) does not meet the quality 
requirements for evaluation in this guideline. In the third study (RCT), thoracic sympathetic 
nerve blocks were examined against injections of the same drugs (lidocaine, dexamethasone), 
but not to the borderline cord (de Oliveira Rocha et al., 2014).
Here, a slightly better pain reduction was found with a single sympathetic blockade after 12 
months (but not after 3 months!). All other studies are uncontrolled or retrospective, as 
illustrated in a comprehensive meta-analysis (Cepeda et al., 2002).

Dosage: The available studies do not allow any reliable conclusions to be drawn as to whether 
borderline blockades should be used at all, at what frequency and for how long. Based on
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From their own experience, the authors recommend an initial series of 5 blockages in 
approx. 2 weeks and, if successful, a continuation of the series up to a maximum of 10 
blockages.

Undesirable effects: Horner's syndrome is obligatory in the case of intervention to treat the 
upper extremity (stellate ganglion) and warming of the dependent part of the body. Injuries to 
the carotid artery or the abdominal aorta/iliac artery caused by the injections are potentially 
very dangerous. The invasive nature can also damage the sympathetic nervous system or other 
parts of the nervous system itself, which can aggravate the symptoms of CRPS.

Spinal cord stimulation (SCS)
See also S3 guideline of the AWMF 
(https://www.awmf.org/uploads/tx_szleitlinien/041- 
002l_S3_Epidural_R%C3%BCckenmarkstimulation_2013-07_abgelaufen.pdf)

Recommendation: The authors currently see the indication for SCS in otherwise refractory 
patients with CRPS of the lower extremity without mechanical allodynia and without serious 
mental illness (specialist examination), in whom trial stimulation was effective. There is a lack of 
data for a broader application.

Mode of action: Inhibitory systems are to be activated by electrodes implanted over the 
posterior cords of the spinal cord. A trial stimulation with success monitoring must be carried 
out before final electrode implantation.

Evidence: Ultimately, there is only one RCT in which patients were treated with either SCS and 
physiotherapy or physiotherapy alone (Kemler et al., 2000). The analgesic effect of SCS in a 
highly selected CRPS population that was refractory to previous treatment strategies and 
responded to test stimulation was positive. The effect of SCS lasted for 2 years and then 
diminished so that no difference was detectable after 5 years (Kemler et al., 2006, 2008). 
However, the control condition in this study (physiotherapy alone) was not ideal. The same 
working group was recently able to show that allodynia is a negative predictor of the 
effectiveness of SCS (van Eijs et al., 2010).

Adverse effects: general risk of the procedure, system replacement surgery, system dislocations, 
secondary damage to other structures by the system.

Electrical stimulation of spinal ganglia (DRG stimulation)
Recommendation: The results of the study are very interesting, and DRG stimulation may 
become a new treatment option for refractory CRPS cases of the lower extremity. Due to the 
inevitably open design of the study and the associated methodological weaknesses, 
confirmation of the results should be required before a general recommendation can be 
made. If this is the case, then DRG stimulation may be an alternative therapy to SCS for 
patients without serious mental illness (specialist examination) in whom trial stimulation was 
effective (important selection criterion).

http://www.awmf.org/uploads/tx_szleitlinien/041-
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Mode of action: Electrodes implanted in the dorsal root ganglia (DRG) of the affected segments 
probably inhibit sensory neurons. A trial stimulation with success monitoring must be carried 
out before final electrode implantation.

Evidence: There is currently one open, but well-controlled RCT in which patients with pain in 
the context of CRPS I or II of the lower extremity (n = 76), which could not be improved 
previously with 2 analgesics, were treated with either DRG stimulation or SCS (Deer et al., 
2017). The analgesic effect of DRG stimulation was greater than that of SCS. Over the course of 
one year, 70-80% of patients had a pain reduction of > 50% (compared to only 50-60% in the 
SCS group). Both stimulators were only implanted if a test stimulation was positive (selection). 
This was the case in 85-90% of patients, the remainder were assessed as "treatment failure".

Adverse effects: as with SCS: general risk of the procedure, system switch operation, system 
dislocations, secondary damage to other structures by the system. Overall, the complication 
rate with DRG stimulation tended to be lower than with SCS, particularly with regard to 
system dislocation and the associated loss of efficacy.

Repetitive transcranial magnetic stimulation (rTMS) of the motor cortex
Recommendation: In individual cases, rTMS therapy can be tried in otherwise refractory 
patients, preferably in clinical studies, but in any case in specialized centers. A major 
disadvantage is the daily application and the fact that the analgesic effect does not 
significantly outlast the treatment period. This means that long-term rTMS therapy would 
actually have to be used, which is not suitable for routine use.

Mode of action: rTMS directly changes the cortical excitability of the stimulated brain areas 
and causes an enormous release of inhibitory neurotransmitters. This reduces the sensation 
of pain.

Evidence: There is now a whole series of smaller, partly controlled studies on the use of rTMS 
for refractory chronic neuropathic pain syndromes such as central post-stroke pain and 
trigeminal neuralgia. For refractory CRPS, there is an RCT with 23 participants in which rTMS 
was applied every day for 10 days. rTMS was compared with sham rTMS. rTMS led to a 
significant reduction in pain during the 10-day stimulation. However, this effect disappeared 
again 1 week after the end of rTMS (Picarelli et al., 2010). There are also reports of a reduction 
in pain in a case series (Pleger et al., 2004) and an improvement in 2-point discrimination 
ability (David et al., 2015) after rTMS.

Undesirable effects: Epileptic seizures may be triggered. Contraindications must be 
observed.



 Diagnostics and therapy of complex regional pain syndromes - Guidelines for diagnostics and therapy in n e u r o l o g y  

Guidelines for diagnostics and therapy in neurology © DGN 2018 | Page 28

Intrathecal application of active ingredients
The application of substances close to the spinal cord can be useful if the blood-brain barrier is 
only sufficiently overcome if the oral dose is too high and at the cost of systemic side effects. 
With the exception of baclofen, however, there are no reliable data for any other substances 
that could be considered for CRPS.

Baclofen

Recommendation: If painful and therapy-limiting dystonic disorders cannot be controlled 
conservatively (physiotherapy, botulinum toxin), i.th. Baclofen therapy in a center that has 
experience with this form of therapy is justified. A trial injection must be carried out prior to 
long-term therapy. In the case of resistance to therapy, a psychological cause of the 
movement disorder should always be considered.

Mode of action: Baclofen is a GABA-B receptor agonist that is used to treat motor symptoms of 
CRPS such as dystonia. However, due to its pharmacology, baclofen should also be effective 
against pain.

Evidence: There is an RCT on a small number of CRPS patients with dystonia in which the 
continuous administration of baclofen was preceded by a double-blind placebo-controlled test 
injection (van Hilten et al., 2000). A second study by the same working group was able to 
confirm this result (van Rijn et al., 2009). Continuous intrathecal administration of baclofen 
was effective over a period of 1.5 years. However, the complication rate of pump therapy (n = 
89 complications in 42 patients in one year, explantation in 6 patients) is very high. The 
selection of suitable patients is difficult, as up to 50% of patients suffer from psychogenic 
movement disorders (Schrag et al., 2004).

Undesirable effects: Cerebrospinal fluid hypotension syndrome, risk of infection, drowsiness and 
urinary retention, systemic defect.

Plasmapheresis
Recommendation: The evidence on the efficacy of plasmapheresis is marginal at best. 
Plasmapheresis is therefore not suitable for routine care and is not recommended until positive 
controlled studies are available.

Mode of action: Assuming that autoantibodies play an important role in CRPS pathophysiology, 
washing out these antibodies can modulate the immune response and positively influence 
CRPS.

Evidence: A positive but retrospective case series with 33 patients (Aradillas et al., 2015) and 
two case reports (Blaes et al., 2014) are available. In the case reports, the patients were 
positive for autoantibodies against beta2-adrenoreceptors. A significant improvement in pain 
and autonomic symptoms was reported after plasmapheresis.

Undesirable effects: catheter-associated infections, coagulation disorders.
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4.8 Ineffective therapies
Calcitonin
Recommendation: Due to the inconsistent study situation, calcitonin is not recommended for 
the treatment of CRPS.

Mode of action: Calcitonin is a peptide hormone that is formed in the thyroid gland (C-cells). 
It reduces osteoclast activity and also has an independent analgesic effect.

Evidence: There are 5 studies on the efficacy of salmon calcitonin administered nasally or by 
injection in CRPS, 2 placebo-controlled RCTs, 3 open studies. The overall results are 
inconsistent. While in one RCT 300 IU of nasally administered calcitonin in addition to 
physiotherapy was superior to placebo administration, particularly with regard to pain and 
regaining the ability to work (Gobelet et al., 1992), this result could not be reproduced in 
another study with 400 IU of calcitonin (Bickerstaff & Kanis, 1991). The open studies were also 
inconsistent, with negative results in open studies (Sahin et al., 2006) being rated higher than 
positive results (Gobelet et al., 1986; Hamamci et al., 1996). This inconsistent study situation is 
also reflected in the different assessments in the available meta-analyses (Kingery, 1997; Perez 
et al., 2001; Forouzanfar et al., 2002; Wertli et al., 2013; O'Connell et al., 2016).

Dosage: 100 IU/day of salmon calcitonin is administered subcutaneously as an injection. The 
duration of therapy is usually 4-8 weeks.

Undesirable effects: The main side effect of calcitonin is a flush, which may be accompanied 
by a drop in blood pressure and headaches. Long-term side effects are not to be expected at 
this dosage.

i.v. immunoglobulins
Recommendation: IvIG at a dose of 0.5 g/kg are not effective and are not recommended.

Mode of action: High-dose intravenous immunoglobulins (IvIG) influence autoimmune processes 
and thus have an anti-inflammatory effect. The exact mode of action is still unclear.

Evidence: There is a double-blind RCT with n = 12 patients on the efficacy of IvIG in CRPS 
(Goebel et al., 2010). In this cross-over study, patients received a single infusion of 0.5 g/kg 
IvIG and placebo or vice versa after 4 weeks. In the IvIG phase (4 weeks), pain and function 
were moderately but significantly better than in the placebo phase. In the meantime, a large, 
active placebo-controlled, double-blind multicenter RCT with 0.5 g/kg IvIG has been 
conducted in 111 patients. The result was negative in all endpoints (Goebel et al., 2017).

Undesirable effects: Headache, nausea, potentially allergic reaction, increase in blood pressure.
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4.9 Treatment of CRPS in children
Recommendation: CRPS treatment in children should not be carried out without the support 
of a pediatrician who is competent in such disorders. Beyond this, no further reliable 
recommendations can be given. However, the authors are emphatically of the opinion that 
irreversible and traumatizing measures should be avoided due to the generally good 
prognosis in children.

CRPS in children is rarer than in adults and has a very good prognosis (Sandroni et al., 2003). 
The better prognosis must also be taken into account when planning treatment, which is why 
invasive measures are almost always contraindicated (Zernikow et al., 2015).

Evidence: There is no RCT for the treatment of CRPS specifically in children that meets strict 
scientific criteria. Some case series report positive effects of peripheral nerve blocks with 
local anesthetics and intravenous prostacyclin analogs (Petje et al., 2005), but without 
controls. Several reports can be found in the literature on possible positive effects of physical 
therapy (Wilder et al., 1992), especially in combination with behavioral therapy (Lee et al., 
2002). These studies are also case reports.
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Table 1

Therapy of CRPS. Dose recommendations for adults

Measure Dose Special features

Bisphosphonates

- Alendronate 40 mg/day for 8 weeks high dose cf. for use in the indication

- Pamidronate 60 mg i.v. once

- Clodronate 300 mg/day i.v. for 10 days

- Neridronate 100 mg/day i.v. on 4 days

Steroids

- Prednisolone 100 mg/day Taper over 2-3 weeks, no long-term 
therapy

Analgesics/antineuropathics

- Gabapentin 1200-2400 (3600) mg/day See also LL "Neuropathic pain"

- Ketamine Individually titrated 
continuous infusion (approx. 
22 mg/h at 70 kg) over 4 days

Inpatient therapy required, risk of 
abuse, hepatotoxicity

DMSO topical 50% cream, 5/day causes skin irritation, garlic odor

Physiotherapy/ergotherapy/behav
ioral therapy (mirror therapy, 
graded motor imagery, exposure 
in vivo)

daily if possible Self-therapy and initiative a 
mandatory prerequisite for 
effectiveness

Psychotherapy if there are indications of 
comorbidity, in the case of a 
refractory course of treatment

Border line blockades 2-3/week max. 
number: 10

Series only after positive test 
blockade in a specialized facility

Spinal Cord Stimulation for refractory pain in the context of CRPS 
of the foot,
No significant psychological comorbidity, 
effective for approx. 5 years
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DRG stimulation for refractory pain in the context of 
CRPS of the foot,
No significant psychological comorbidity, 
works according to current knowledge
> 1 year

rTMS 1/day for 10 days Only effective during the application 
period

Baclofen intrathecal for dystonia,
after test injection Implantation of a 
pump,
No significant psychological comorbidity, 
high complication rate

5 Supply coordination
CRPS can initially be treated on an outpatient basis. However, an institution experienced in 
the treatment of CRPS must be involved in outpatient treatment. Such an institution can be 
colleagues experienced with the disease or special (pain) outpatient clinics. In addition to 
medication, outpatient treatment also includes physiotherapy, occupational therapy and 
rehabilitative therapy, as well as consultation with the specialist disciplines of neurology, 
trauma surgery, anesthesia/pain therapy and psychosomatics.

If stagnation or even an accentuation of the symptoms becomes apparent during the 
outpatient treatment process, inpatient multimodal pain therapy should be initiated as soon 
as possible. This can also take place as part of rehabilitation treatment. Another reason for 
inpatient treatment is immobility.

Occupational accident insurance patients are a special case. In the absence of functional 
improvement, such patients should not take the "standard route" of EAP (extended outpatient 
physiotherapy), but should rather be treated as inpatients as part of BGSW, as pain reduction 
can then be better taken into account as the primary goal. Functional stagnation without pain, 
on the other hand, can be treated very well on an outpatient basis.
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