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The history of complex regional pain syndrome (CRPS)

Sudeck was one of the first to describe complex regional pain syndrome (CRPS), in 1900 (1). 
One of his students called the clinical picture Sudeck’s atrophy and integrated a classifica-
tion of it that described five forms of the disease: 1) nutritional atrophy, 2) disuse atrophy, 
3) senile atrophy, 4) acute inflammatory reflex atrophy and 5) neuropathic atrophy (2). 
The next (and most-used) term for this disease became reflex sympathetic dystrophy (RSD) 
which was introduced in 1946 by Evans after he successfully treated several patients with 
pain using sympathetic blocks (3). Eventually, after a consensus meeting in 1993, the term 
complex regional pain syndrome (CRPS) replaced the concept of RSD and is now in general 
use (4). CRPS can be divided into two subtypes: i.e., CRPS type I for cases in which no nerve 
injury is detected and CRPS type II for cases in which nerve injury is confirmed. CRPS types 
I and II do not differ in clinical presentation. CRPS manifests itself often after fractures, 
sprains, contusions and/or crush injuries and exceeds, in both intensity and duration, the 
expected course of the original trauma (5). The diagnosis is even now purely based on the 
signs and symptoms, since there are no standard laboratory or imaging tests (6). Through 
the years, several diagnostic criteria sets have been formulated and used to diagnose 
CRPS: i.e., the Veldman criteria, the ‘old IASP (International Association for the Study of 
Pain) criteria’, the Bruehl and Harden criteria and the currently used Budapest criteria, 
which were accepted by the Committee for Classification of Chronic Pain of the IASP in 
2012 as the ‘new IASP diagnostic criteria for CRPS’ (7-10). Since 1994, the IASP divides pain 
mechanisms into nociceptive and neuropathic pain. In 2011, the definition neuropathic 
changed from ‘pain due to lesion or dysfunction of the nervous system’ to ‘pain caused 
by a lesion or disease of the somatosensory nervous system’. This change made it difficult 
to categorise CRPS patients, so in 2017 the IASP introduced a new mechanistic descriptor 
for ‘pain characterized by evidence of altered nociceptive processing’, such as CRPS. This 
new term is nociplastic pain, to reflect changes in function of nociceptive pathways (11).

Pathophysiology

The exact pathophysiology of CRPS remains unknown, but there are several ideas about 
mechanisms proposed to play a role (12). Although spontaneous development is de-
scribed, tissue damage typically seems to be the initial trigger for development of CRPS. 
It is a condition affecting the extremities and has a presentation during the acute phase 
with oedema, erythema, increase in temperature, impaired function and pain as a result 
of an inflammatory response to the initiating trauma (13, 14). Alternatively, neurogenic 
inflammation can also explain the presentation with oedema, erythema and increased 
sweating (15). Another mechanism that has been described is deep-tissue microvascular 
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ischaemia-reperfusion injury, which proposes that this injury is the cause of the abnormal 
pain sensations patients describe and experience in CRPS, such as allodynia (16). Further-
more, a decrease in sweat glands and vascular innervation combined with a decrease in 
epidermal nerve fibres caused by neuropeptides, could explain the trophic and vasomotor 
symptoms of CRPS (13). Physicians claim that CRPS patients have a specific, or even a 
special way of presenting themselves. This could imply a psychological factor in the 
development of CRPS. Several studies have failed to confirm this, but some evidence has 
been found of a role for stress, depression or anxiety in the maintenance of CRPS (17). In 
a prospective study, the researchers concluded that there is no association between psy-
chological factors and the development of CRPS. In addition, it appears that psychological 
problems of CRPS patients are comparable to those of the normal population, and thus 
psychological changes may be a result of the chronic pain and disability (18). It is widely 
accepted that early diagnosis and multidisciplinary treatment are needed to prevent 
permanent disability (19). Patients diagnosed with CRPS are treated in the Netherlands 
according to the Dutch CRPS treatment guidelines (last updated in 2014) (20). Previous 
research suggests possible subtypes, phenotypes and/or stages of the syndrome, which 
can influence the outcome of the chosen therapy (4, 21). This may suggest the strategy for 
CRPS treatment should be changed to therapy based on the underlying mechanism (22).

Neurostimulation

Spinal cord stimulation (SCS) is a proven, effective treatment for CRPS pain, and is a direct 
clinical application of the gate theory by Melzack and Wall. In 1965, they described a new 
theory concerning pain, based on a thesis by Noordenbosch. Thin- (pain) and large-diame-
ter (touch, pressure) nerve fibres carry information from the site of the injury to the dorsal 
horn of the spinal cord. From that point transmission cells carry the pain signal up to the 
brain, resulting in a painful sensation for the patient. Activation of A-beta nerve fibres, 
which do not transmit pain signals, can inhibit pain by interfering with these pain signals. 
This is a simplified model of a probably much more complex reality (23). In 1965, Shealy 
et al. were the first ones to introduce SCS to reduce pain by activating these A-beta nerve 
fibres (24, 25). SCS is a common treatment internationally for CRPS when other therapies 
fail to provide relief. In 2000, a study by Kemler et al. described the results of treatment 
with SCS stimulation combined with physical therapy versus physical therapy alone for 
patients with CRPS. A total of 36 patients received test stimulation, of whom 24 received a 
definitive implantation of SCS, versus 18 patients who received only physical therapy. At 
6 months follow-up, a statistically significant difference (P < 0.001) was found for the pain 
score on a visual-analogue scale in favour of the patients who received SCS combined with 
physical therapy (26). At 2-year follow-up, a clinically significant decrease in pain intensity 
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was found (P < 0.001), and patients stated that they were ‘much improved’, based on the 
global perceived effect scale (27). The same group published a 5-year follow-up in 2008 
which revealed a diminished effect on pain relief over the years, but still 95% of the pa-
tients would undergo the treatment again if necessary (28). This is an interesting finding, 
but the criteria they used at baseline to diagnose CRPS were not completely in accord with 
the new IASP diagnostic criteria for CRPS, and some patients diagnosed with CRPS back 
in 2000 would probably not receive the diagnosis today. Also, CRPS is a dynamic disease 
that changes over time and has a natural course. Thus, the diminishing effect of SCS could 
be related to the change of the disease. A new neurostimulation system to treat chronic 
pain by stimulating the dorsal root ganglion (DRG) has been used commercially since 
2012. The organisation of the DRG at each level of the spinal cord offers the possibility 
of stimulating specific dermatomes. SCS stimulation is more broadly applied, which can 
result in stimulation of an area much larger than the painful area (29). Van Buyten et al. 
used DRG stimulation in a group of 8 CRPS patients who experienced some degree of pain 
relief, persistent at 12-month follow-up. The researchers concluded DRG stimulation to be 
a promising option as a treatment for CRPS (30). The ACCURATE study, published in 2017, 
evaluated the efficacy of DRG stimulation compared to SCS for patients diagnosed with 
CRPS or causalgia (pain following peripheral nerve injury (31)) of the lower extremities. A 
total of 152 patients were included at baseline and received either DRG stimulation or SCS 
implantation after a successful trial phase. After 3 months of follow-up, the treatment suc-
cess (≥50% pain relief compared to baseline) was greater in the group who received DRG 
stimulation (81.2%) than the SCS group (55.7%). Furthermore, at 12-month follow-up, the 
pain remained significantly lower for patients treated with DRG stimulation compared to 
patients with SCS. The authors conclude that DRG stimulation provides precisely targeted 
stimulation which is beneficial compared to SCS as a therapy for patients with CRPS or 
causalgia of the lower extremities (32). Although these results are encouraging in favour of 
DRG stimulation, more than 10% of the included patients suffered from groin pain, which 
is nearly impossible to treat with SCS, and groin pain is certainly not CRPS. In addition, not 
all included CRPS patients were diagnosed according to the new IASP diagnostic criteria 
for CRPS. Nevertheless, DRG stimulation seems to offer more-targeted stimulation than 
SCS, which has potential clinical implications. It may be possible to use DRG stimulation to 
treat patients with foot or knee pain, which are more difficult locations to target with SCS.

CRPS confined to the knee?

In the last few years, we have seen a group of patients in our Center for Pain Medicine with 
pain and other symptoms and signs normally seen in CRPS but without a distal spread 
in the extremity, confined instead to just the knee(s). A specific diagnosis was not made 
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in most of these cases, and the complaints were symptomatically treated with several 
medications and/or invasive procedures. Over time, the thought arose that perhaps these 
complaints were due to CRPS, because the clinical picture of the patients had several 
similarities with this diagnosis, and that perhaps CRPS confined to the knee would be a 
clinical entity in its own right.

Ernst Baur appears to have been the first to describe patients with possible CRPS confined 
to the knee, reporting on three such patients in 1954, at least one of whom retrospectively 
would fulfil the Budapest criteria set based on the signs and symptoms described (33). 
Over the years, many different strategies have been used to confirm and/or diagnose CRPS 
confined to the knee in addition to the standard diagnostic criteria set. In line with Evans, 
pain relief from a lumbar sympathetic block was considered a confirmation of or an ad-
ditional criterion for the diagnosis (34, 35). A retrospective study of 60 patients diagnosed 
with CRPS confined to the knee revealed that a surgical procedure (arthroscopic) was the 
most common event in developing CRPS (36). Several authors have concluded that CRPS 
is in fact an uncommon and unrecognized cause of knee pain that can follow some sort 
of trauma (37-39). This fact results in a delay in diagnosing and starting the appropriate 
treatment (40). Unfortunately, as earlier literature showed, patients with CRPS confined to 
the knee have responded poorly to any sort of treatment (34, 41, 42). Our own experience 
confirms the difficulty of treating these patients, because they have a temporary response 
or no response at all. Even with SCS we have seen mixed results. But as seen in other stud-
ies, DRG stimulation has the potential to treat difficult locations, so perhaps this therapy 
can be successful for patients with CRPS confined to the knee.

This thesis

The aim of this thesis is to find the answers to our following research questions;
1.	 Is CRPS of the knee an existing clinical entity?
2.	 Is there a difference between the development of CRPS confined to the knee and that 

of CRPS of more distal locations (e.g., the ankle/foot or the wrist/hand)?
3.	 Is there a difference between the clinical course of CRPS confined to the knee and that 

of CRPS of more distal locations (e.g., the ankle/foot or the wrist/hand)?
4.	 Does DRG stimulation have a value in the treatment of CRPS confined to the knee?

In summary, we aim to confirm the location of, increase the knowledge of, facilitate the 
recognition of and provide a potential treatment for CRPS confined to the knee.
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