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Abstract: Complex regional pain syndrome (CRPS) is a debilitating painful state of an extremity that can develop after trauma. CRPS
is diagnosed by the new International Association for the Study of Pain (IASP) diagnostic criteria for CRPS. The syndrome is
characterized by continuing regional pain with abnormal sensory, motor, sudomotor, vasomotor, edema, and/or trophic signs. The
clinical presentation of CRPS can be very heterogeneous because CRPS is a multi-mechanism syndrome. Therefore, mechanism-based
subgroups have been suggested to personalize treatment for CRPS. Additionally, the presentation of symptom pain may also be able to
identify different subgroups of CRPS. In this review, the types of pain recognized by the IASP—nociceptive, neuropathic, and
nociplastic pain—will be discussed as possible subgroups for CRPS. Each pain type should be identified in CRPS patients, with
a thorough history taking, physical examination, and diagnostic tests or (novel) biomarkers to optimize treatment effectiveness. Over
the course of the syndrome, patients with CRPS probably experience more than one distinct pain type. Therefore, pain specialists
should be alert to not only adjust their treatment if underlying pathophysiologic mechanisms tend to change but also to personalize the
treatment of the associated type of pain in the CRPS patient.
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Introduction
Complex Regional Pain Syndrome (CRPS) is a syndrome that is initiated by trauma to an extremity. This results in
continuous regional pain that is disproportionate to the extent and healing of the trauma.' Besides continuous pain,
patients have additional clinical signs such as disturbed blood flow or abnormal sudomotor activity, motor dysfunction,
and trophic changes in the affected CRPS extremity. CRPS is a clinical diagnosis based on the new International
Association for the Study of Pain (IASP) diagnostic criteria for CRPS,” that were validated in 2010 and adopted by the
IASP in 2012. Nowadays, CRPS is considered a multi-mechanism syndrome, and the experienced continuous pain can be
linked to mechanisms such as inflammation, vasomotor disturbances, and peripheral and central sensitization.> ® The
presentation of symptoms and signs of CRPS patients can be heterogeneous, because a combination of the underlying
mechanisms may be more prominent. Rather than a one-size-fits-all treatment approach, pain specialists nowadays
specifically determine the most prominent underlying mechanism(s). These mechanisms are targeted with different
pharmacologic treatment categories in order to improve treatment efficacy.®®

To personalize the management of CRPS, several subgroups have been suggested. The subgroups CRPS type 1
(without nerve lesion) and CRPS type 2 (with nerve lesion) are recognized by the IASP.? In addition, different subgroups
have been proposed based on clinical presentation (warm/cold'®), syndrome duration (early/persistent’), and underlying
pathophysiological mechanisms (peripheral/central'' and florid/sensory/vasomotor'?). Recently, our research group
suggested creating subgroups on the mechanisms that are targeted by the pharmacotherapeutic options for CRPS: 1)
inflammation; 2) peripheral and central sensitization; 3) vasomotor disturbances and 4) motor disturbances.’®
Unfortunately, there is no consensus yet on which classification of CRPS subtypes is best to use.’
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Different presentations of symptom pain in CRPS can potentially also identify possible subgroups of CRPS that
require a distinct treatment strategy. The IASP recognizes nociceptive (tissue damage), neuropathic (nerve injury), and
nociplastic pain (sensitized nervous system) as distinct pain types driven by different mechanisms.'® In this article, we
describe a strategy to phenotype CRPS patients based on the three types of chronic pain defined by the IASP because this
classification affects the work-up and treatment decisions in chronic pain.'® Diagnostic tests and biomarkers are
developed for nociceptive and neuropathic pain. However, especially to differentiate nociplastic pain, diagnostic tests
have to be further developed.'*

Hence, the aim of this narrative review is threefold: 1) to describe the types of pain in CRPS and link these pain types
to pathophysiological underlying mechanisms in CRPS; 2) to explain how these pain types can be differentiated by
history taking, physical examination, and diagnostic tests; 3) to illustrate how these pain types can be specifically targeted
to optimize treatment effectiveness. Ultimately, a personalized treatment plan should be made for each CRPS patient. For
this purpose, the differentiation of symptom pain in nociceptive, neuropathic, and nociplastic pain may be an additional
helpful tool to optimize the management of CRPS.

Nociceptive Pain

According to the IASP, nociceptive pain is defined as “pain that arises from actual or threatened damage to non-neural
tissue and is due to the activation of nociceptors.”'> Nociceptive pain serves as a physiologic warning system as it helps
sensing noxious stimuli in peripheral tissues.'® Noxious stimuli are detected by nociceptors, which are primary sensory
neurons made up of both unmyelinated C-fibers and myelinated A3-fibers.!” Specific receptors and transducer-proteins
on the nociceptors cause a depolarization and generate an action-potential via the C-fibers or Ad-fibers to the central
nervous system.'’ When these fibers are activated, pronociceptive neuropeptides and inflammatory mediators are
secreted.'”'® Inflammation is included in the category of nociceptive pain because trauma to tissue initiates an active
inflammatory response and inflammatory mediators directly activate and sensitize nociceptors.'®'? Similarly, hypertonic
states such as dystonia and contractures can directly activate and sensitize muscle nociceptors through mechanical stimuli
and pain-producing substances after muscle damage.”® Mechanical, thermal, and chemical stimuli reduce the threshold
for neurons to generate action potentials and result in peripheral sensitization.'”'® Peripheral sensitization is a local, self-
limiting protective mechanism that ends as inflammation diminishes and tissues recover.

Nociceptive Pain in CRPS

Nociceptive pain in CRPS can be the result of persistent inflammation. Increasing evidence suggests that persistent
inflammation after trauma causes CRPS.'%?!*? Peripheral trauma initiates an immune cascade with cytokines,”® and
these cytokines sensitize peripheral nerve endings that release pronociceptive neuropeptides (eg substance P and
calcitonin gene-related peptide).*** In the immune dysregulation of CRPS, both disturbances in the innate and adaptive
immune system play a role.”® Regarding the innate immune system, elevated levels of proinflammatory cytokines are
detected in serum, cerebrospinal fluid and blister fluid.?>*’*® Dysregulation of the adaptive immune system is reflected
by altered T-cell activity and higher prevalence of autoantibodies.”’ ' Nociceptive pain can also be the result of motor
disturbances caused by excitation of muscle nociceptors in, for instance, contractures and dystonia.*> Both can be
characterized by fixed flexion postures of the fingers, wrist, or feet, but the mechanisms of these motor disturbances are
different.>® Contractures are probably caused by proliferation of connective tissue cells, if the extremity is not moved
properly during the early inflammatory phase of CRPS.>* Dystonia is thought to be caused by spinal or supraspinal
changes in the motor circuitry.*?

To differentiate nociceptive pain from other pain types, a combination of physical examination and inflammation-
specific biomarkers should be used. Nociceptive pain is typically local and can for instance be triggered by specific
movements and may be accompanied by local inflammatory signs (tumor, dolor, calor, rubor, and functio laesa).
Although these inflammatory signs are informative, objective biomarkers are needed because, for instance, cold CPRS
patients can still have active inflammation.* Therefore, biomarkers for detecting inflammation in CRPS are being
studied.**° By contrast, physical examination is sufficient for detecting flexion postures. Contractures can be distin-
guished from dystonia by passive stretching of the affected digits. In dystonia, this should incite a contraction of the
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stretched muscle implying stretch reflex hyperexcitability.*? This does not happen in contractures because the range of
motion is impaired because of overstimulated fibroblast growth during acute inflammation.
In general, if nociceptive pain is suspected in the early phase of CRPS, pain medication from the World Health

37,38

Organization (WHO) analgesic ladder can be used concurrently with active mobilization therapy. If inflammation is

confirmed with an inflammation biomarker, specific immunomodulating drugs such as corticosteroids or bisphosphonates

could be considered.®3%*0

Neuropathic Pain

According to the IASP, the definition of neuropathic pain is “pain caused by a lesion or disease of the somatosensory
nervous system.”'>*' The IASP notes that “Neuropathic pain is a clinical description which requires a demonstrable
lesion or a disease that satisfies established neurological diagnostic criteria.”'> In 2016, an updated grading system for
neuropathic pain was introduced categorizing neuropathic pain into three grades of certainty: 1) possible neuropathic
pain; 2) probable neuropathic pain; 3) definite neuropathic pain.** For possible neuropathic pain, there should be “history
of a relevant neurological lesion or disease and the pain distribution should be neuroanatomically plausible.”** Pain
descriptors such as burning, electric shooting, numbness, and tingling may be suggestive of neuropathic pain but cannot
be used alone for identifying neuropathic pain. Of note, several questionnaires such as the PainDETECT* and DN4
questionnaire** are developed because a combination of these descriptors can be distinctive for neuropathic pain versus
nociceptive pain. Neuropathic pain is classified as probable if “the pain is associated with sensory signs in the same
neuroanatomically plausible distribution during physical examination.”** During physical examination, sensory loss is
usually experienced and can be examined with light touch, vibration, pinprick, cold, or warm stimuli. Sensory gain is less
specific for neuropathic pain, especially when it does not follow a neuroanatomical distribution. A more detailed profile
of the sensory-discriminative dimensions of pain, including the function of AB-, Ad-, and C-fibers, can be obtained by
quantitative sensory testing. Quantitative sensory testing is a set of tests that assesses pain thresholds and thermal,
pressure, and mechanical sensation with special brushes, calibrated filaments, pinpricks, pressure algometry, and
electrical stimulation.*> Neuropathic pain is definite if “diagnostic testing confirmed a lesion or disease of the somato-
sensory nervous system that explains the pain.”** Diagnostic tests include magnetic resonance imaging (MRI), electro-
myography, heat and laser evoked potentials, and skin biopsies for small fiber neuropathy.**

Neuropathic Pain in CRPS

CRPS can be categorized as CRPS type 1 and CRPS type 2. In CRPS type 1, there is no verified nerve lesion, excluding
CRPS type 1 from neuropathic pain. Approximately 90% of CRPS patients are categorized as CRPS type 1.*® In CRPS
type 2, there is a demonstrable nerve lesion, thus fulfilling the definition of neuropathic pain. Knowledge of trauma that
causes CRPS type 2 increased because of experience from soldiers who encountered injuries with clear nerve lesions
from blasts and gunshots.*’ In these cases, nerve lesions could be detected by electromyography or MRI and CRPS type
2 can be diagnosed. However, if the grading system by Finnerup et al is used,*” CRPS type 2 may fail to qualify for
neuropathic pain because the glove- or stocking-like distribution of CRPS has no clear neuroanatomically plausible
distribution.*®

Interestingly, small nerve lesions were also detected in some CRPS type 1 patients without severe trauma. In 1998,
van der Laan et al studied amputated CRPS legs and were the first to show histopathologic degeneration of C-fibers in 4
out of 8 sural nerves.*’ In addition, skin biopsies were used of 18 CRPS patients to investigate the innervation density of
CRPS-affected extremities.’® In the CRPS-affected extremities, C-fibers and Ad-fiber density were reduced by 29%
compared to control sites. Furthermore, skin samples of two CRPS-affected amputated limbs showed a decrease in
epidermal, sweat gland, and vascular innervation and a reduction in dermal innervation by C- and Ad-fibers was
reported.”’ Because of these findings, Oaklander and Fields hypothesized that dysfunction of small fibers was causal
to the onset of CRPS, as many symptoms and signs of CRPS can be related to small fiber neuropathy.*® However, the
most recent skin biopsy study in CRPS showed that only a subset of 20% of 43 CRPS patients had changes in skin
innervation.’ Because small fiber neuropathy is only seen in a subset of CRPS type 1 patients,”” small fiber neuropathy
is probably the consequence of the syndrome activity and not causal to CRPS type 1.
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Small fiber neuropathy is of clinical importance because a decrease in small fibers after trauma can change neighboring
fibers to a state with reduced depolarization thresholds and ectopic firing.*® Reduced thresholds and increased firing in the
peripheral nervous system can trigger central sensitization. It is also believed that catecholamines can stimulate upregulated
adrenergic receptors in damaged or regenerating nociceptive fibers and result in local pain.>* Furthermore, neuropeptides can
be released from damaged nociceptive C-fibers and induce vasodilation, sweating, recruitment of local immune cells, and
allodynia and hyperalgesia.”> This condition is called peripheral neurogenic inflammation and is implicated, alongside
neuroinflammation, as a source of inflammation linked to the nervous system in CRPS.* Neuroinflammation refers to
inflammation in the nervous system and can be initiated by enhanced neuronal activity of primary afferent nerve fibers or
higher-order neurons that activate microglia and release proinflammatory mediators.>

Unfortunately, small fiber neuropathy cannot be detected by electromyography or MRI, and invasive skin biopsies
that can detect small fiber neuropathy are not regularly conducted. Therefore, neuropathic pain is underdiagnosed and
specific treatment for neuropathic pain may be falsely left out of the treatment plan. A solution could be to implement
quantitative sensory testing in clinical practice to detect small fiber neuropathy. If a nerve lesion is detected or the CRPS
patient is highly suspected for having neuropathic pain by history taking, physical examination, and neuropathic pain

questionnaires, it seems suitable to start with an anticonvulsant or antidepressant.®>

Nociplastic Pain

Nociplastic pain was introduced in 2016 to categorize chronic pain patients without any evidence of tissue damage or
neuropathy.>® Nociplastic pain is defined by the IASP as “pain that arises from altered nociception despite no clear evidence of
actual or threatened tissue damage causing the activation of peripheral nociceptors or evidence for disease or lesion of the
somatosensory system causing the pain.”'> Although the underlying mechanisms of nociplastic pain are not completely under-
stood, it is suggested that in the nervous system, the processing of painful stimuli is amplified or the inhibition of painful stimuli is
decreased.' The nervous system becomes hypersensitive, which results in, for instance, a wider spread of pain than would be
expected from tissue or nerve damage. Furthermore, symptoms may also include central changes such as fatigue, sleep, memory
and mood problems.'* Although nociplastic pain is not a synonym for the neurophysiological term central sensitization, central
sensitization is probably dominating underlying mechanisms of nociplastic pain.*® Central sensitization was introduced to
illustrate increased excitability and synaptic efficacy of the neurons in nociceptive pathways after ongoing noxious input.>’
The induction and maintenance of central sensitization was shown to be dependent on the N-Methyl-D-aspartic acid (NMDA)
receptor and the neurotransmitter glutamate® and is also driven by neuroinflammation.>*

Clinical criteria and a grading system are formulated for nociplastic pain.”® To classify pain as possible nociplastic pain, the
following conditions must be met: 1) pain duration should be more than 3 months; 2) pain must be regional, rather than discrete, in
distribution; 3) pain cannot entirely be explained by nociceptive or neuropathic pain mechanisms and 4) clinical signs of pain
hypersensitivity are present in the region of pain.”® Hypersensitivity should be objectified by static or dynamic mechanical
allodynia, heat or cold allodynia or painful after-sensations reported after testing allodynia. For probable nociplastic pain, a history
of pain hypersensitivity in the region of pain and defined comorbidities such as sensitivity to light or sound, sleep disturbance,
fatigue, or cognitive problems have to be present.”” However, these comorbidities are still under debate.®

Several tools exist to help distinguish nociplastic pain. A body map such as the Michigan Body Map can be used to
visualize body areas with allodynia.®' Another tool is the Central Sensitization Inventory, which is a questionnaire that
gives an indication of central sensitization and has focus on the comorbidities according to the IASP criteria for
nociplastic pain.®®> Other diagnostic tests are still mostly used in the research setting. For instance, quantitative sensory
testing and conditioned pain modulation are used to examine amplified pain processing and decreased inhibition.®*** An
example of facilitative activity is temporal summation, which is an enhanced spinal neuron response after repetitive
noxious C-fiber stimulation and thus a marker for central sensitization.®> Conditioned pain stimulation examines the
endogenous pain inhibitory pathway.®® This test is conducted by applying a painful stimulus that is followed by a second
painful stimulus and at the same time a conditioning stimulus such as immersion of a limb in cold water. Furthermore,
brain imaging showed structural brain changes due to neuroplasticity, increased glutamatergic activity or decreased
gamma-aminobutyric acid (GABA)-ergic activity in pain regions, glial cell involvement in neuroinflammation, increased
connectivity in pain brain regions, and decreased activity in descending analgesic pathways.'*
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Nociplastic Pain in CRPS

An indication for nociplastic pain in CRPS is that allodynia and hyperalgesia are not necessarily restricted to the affected
CRPS extremity.®>’® This is illustrated by, for instance, hemi-lateral distribution of allodynia and hyperalgesia in CRPS
patients.®%® Evidence that central sensitization contributes to the pathophysiology of CRPS, is that temporal summation
is increased in the affected CRPS extremity.®>’! In addition, CRPS patients with an extended pain pattern had a more
prominent temporal summation in the CRPS extremity and were associated with more disturbance of body perception.®®
The wider spread of allodynia and hyperalgesia in CRPS could be the result of increased excitability in the brainstem or
higher brain centers and a deficient endogenous pain inhibition system.®®’? To visualize the wider spread of allodynia,
the Michigan Body Map is suggested to be added as a clinical outcome parameter in CRPS studies.”

Several imaging studies have studied the structural, functional, and chemical changes of the brain in CRPS patients.
For instance, a reduced representation of the affected CRPS extremity and an increased representation of the contralateral
unaffected extremity are shown.”*”> These changes in representation can return to normal in patients that respond to their
treatment.”®’” Functional changes are shown by increased activity in pain regions such as the somatosensory cortex,
insula, frontal cortex, and anterior cingulate cortex during pinprick hyperalgesia and an increased resting state activity
and connectivity is reported between the thalamus and somatosensory cortex.”® *° In addition, impaired endogenous pain
inhibitory pathways and the reorganization of the somatosensory cortex correlated with pain severity.*'** Unexpectedly,
a recent magnetic resonance spectroscopy study showed that CRPS was not associated with altered GABA or glutamate
concentrations.® Furthermore, two positron emission tomography studies confirmed neuroinflammation in CRPS and
this underlines the facilitation of central sensitization in CRPS.%>-%

Regarding pharmacotherapeutic treatment, pain medication from the WHO analgesic ladder is less effective for
nociplastic pain than for nociceptive pain. Opioids should be avoided because of the risk of tolerance, induced
hyperalgesia and the known mortality and morbidity of chronic opioid use.” Drugs that target central sensitization

may be used for nociplastic pain such as gabapentin and intravenous ketamine.®*"-%

Mixed Pain

Some CRPS patients may experience substantial overlap between nociceptive, neuropathic, and nociplastic pain.
Although mixed pain is not recognized by the IASP, Freynhagen et al defined mixed pain as follows: “mixed pain is
a complex overlap of the different known pain types (nociceptive, neuropathic, nociplastic) in any combination, acting
simultaneously and/or concurrently to cause pain in the same body area.”® The term mixed pain was introduced to help
clinicians with the challenge of the management of mixed pain states. However, the authors question whether mixed pain
is simply a combination of nociceptive, neuropathic, or nociplastic pain, or whether mixed pain is a new clinical entity on
its own.*” An example of mixed pain could, for instance, be a patient with spinal disc herniation. When a spinal disc
starts to bulge out and the nerve route is hampered by the mass of the herniation and the local inflammatory process, we
call this nociceptive pain. The nerve route can get impinged and damaged, which will result in neuropathic pain. When
these processes occur simultaneously—disc bulging, inflammation, and the nerve impingement—the pain can be
characterized as mixed pain.

At present, there is no diagnostic test for mixed pain, but it can be pragmatically diagnosed by history taking, physical
examination and by using the diagnostic criteria for nociceptive, neuropathic, and nociplastic pain.”® Freynhagen et al
developed nine key questions to help identify the most dominant pain type of the patient.’® Physicians must be aware that
mixed pain states are common, but we acknowledge that the phenotype of mixed pain is challenging.

Mixed Pain in CRPS

In CRPS, combinations of nociceptive, neuropathic, and nociplastic are possible because CRPS is a multi-mechanism
syndrome. For instance, pain caused by ischemia in CRPS is probably a combination of nociceptive and neuropathic pain
because hypoperfusion can cause tissue damage and nerve lesions. Hypoperfusion in CRPS can be the result of
sympathetic dysregulation and endothelial dysfunction.”’ In early CRPS, an altered sympathetic function was shown
to result in a reduction in catecholamine release.””> As a response to the reduction of catecholamines, upregulated
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adrenoreceptors, and an enhanced binding affinity of catecholamines to adrenoreceptors resulted in vasoconstriction in
persistent CRPS.”**** Furthermore, endothelial dysfunction was shown by increased levels of the endogenous vasocon-
strictor endothelin-1 and a decreased level of the vasodilator nitric oxide, which was shown in blister fluid of CRPS
patients.”® Vasoconstriction can cause a cascade of hypoxia, acidosis, and inflammation and can result in nociceptive
pain.’® Vasoconstriction can also cause endoneurial hypoperfusion and neuropathic pain.”’ Especially, the small distal
nerves are vulnerable because they rely on the perfusion of a few capillaries. In chronic post-ischemia pain models in
rodents, small nerve fibers spontaneously discharge and show intraepidermal degeneration.”® This corresponds with the
observed small fiber degeneration and decreased nerve density seen in CRPS.*°

Another example of mixed pain in CRPS is the inflammation induced overlap of nociceptive, neuropathic, and nociplastic
pain.”® Nociceptive inflammatory pain is triggered by peripheral trauma and tissue damage in CRPS. Inflammation may damage
small nerve fibers and can induce neuropathic pain. In addition, partial peripheral nerve lesions may cause a release of
neuropeptides like nerve growth factor, substance P, and calcitonin-gene related peptide.>* These neuropeptides released from
damaged C-fibers recruit immune cells and can initiate neurogenic inflammation.?*> Furthermore, in neuroinflammation, glial
cells are activated in the dorsal root ganglia and spinal cord and drive central sensitization and nociplastic pain.>*

Altogether, it is crucial to detect mixed pain in CRPS and to consider early treatment, with a multimodal treatment plan
targeting nociceptive, neuropathic, and nociplastic pain.”® For example, ischemic pain may be targeted with a vasodilator or
a sympathetic blockade to treat vasoconstriction and hypoxia.®' In addition, an anticonvulsant can be prescribed for neuropathic
pain.>>> For different types of inflammation, emerging treatments have been developed that specifically target neurogenic
inflammation or neuroinflammation,”>'°! but these therapies have not yet been studied in CRPS.

Expert Opinion

According to the new IASP diagnostic criteria for CRPS, all patients with CRPS experience continuous debilitating
pain.? Our research group suggests that symptom pain in CRPS should not be generalized into one distinct pain type but
should be differentiated into nociceptive, neuropathic, and nociplastic pain (see Table 1 for definitions/criteria). CRPS is
a multi-mechanism syndrome, and over time CRPS patients have probably suffered nociceptive, neuropathic, and

Table | Definition and Grading System of Nociceptive, Neuropathic, and Nociplastic Pain

Nociceptive Pain Neuropathic Pain Nociplastic Pain

Definition Pain that arises from actual or Pain caused by a lesion or Pain that arises from altered nociception
threatened damage to non-neural disease of the despite no clear evidence of actual or
tissue and is due to the activation of | somatosensory nervous threatened tissue damage causing the
nociceptors|5 system“;’4I activation of peripheral nociceptors or

evidence for disease or lesion of the

Pain associated with active . . 1556
somatosensory system causing the pain >

inflammation falls into the category

of nociceptive pain'’

Grading system: Possible ® History of relevant neu- |® Pain >3 months
rological lesion or disease |® Regional rather than discrete
® Pain distribution neuroa- |® No nociceptive or neuropathic pain
natomically plausible*? ® Evoked pain hypersensitivity phenomena®’
Grading system: Sensory signs in History of pain hypersensitivity and
Probable neuroanatomically plausible | comorbidities®”

distribution during physical

examination*?

Grading system: Definite Confirmed lesion or disease
of the somatosensory
nervous system by

a diagnostic test*?
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nociplastic pain. The pain experienced by CRPS patients could be seen as a continuum and typically starts with
nociceptive pain because of peripheral tissue damage and persistent inflammation after trauma. Trauma can either
directly result in a nerve lesion or it can initiate inflammation that may result in small fiber neuropathy and neurogenic
inflammation. Ongoing pain facilitation through peripheral sensitization and neuroinflammation may result in central
sensitization. When there is no clear evidence of tissue damage or nerve damage causing the activation of nociceptors,
the experienced pain can be the result of a hypersensitive pain system. This pain state can be characterized as nociplastic
pain. When this continuum of pain types— from nociceptive, neuropathic to nociplastic pain— in CRPS exists, it seems
logical that mixed pain pictures are present and that initiating treatment as early as possible is mandatory to break the
vicious circle. The pain types in CRPS and the linked underlying pathophysiological mechanisms are displayed in
Figure 1.

For personalized medicine, pain types should be differentiated from each other by history taking, physical examina-
tion, and (novel) diagnostic tests (see Table 2). Our research group encourages implementing mechanism-specific
biomarkers for each pain type in CRPS research. Nociceptive pain due to inflammation may be supported with
inflammation signs during physical examination and with specific inflammation biomarkers.*>-° For nociceptive pain,

our research group uses the serum soluble interleukin-2 receptor (sIL-2R) level to determine the inflammation involved

inflammation

\ 14 :0

§ tissue damage

= ‘

neuroplasticity
central — .
sensitization . — hypoperfusion

W= | nerve damage |

demonstrable
nerve lesion

oy

Figure | Pain types in Complex Regional Pain Syndrome.

Notes: Pain types experienced by CRPS patients can be differentiated in the pain types that are recognized for chronic pain by the International Association for the Study of
Pain: nociceptive, neuropathic and nociplastic pain. The most prominent pain type should be targeted to optimize the treatment effectiveness. Nociceptive, neuropathic and
nociplastic pain are linked to underlying pathophysiological mechanisms that contribute to Complex Regional Pain Syndrome.
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Table 2 Underlying Mechanisms, Diagnostic Instruments, and Treatments That Can Be Linked to Nociceptive, Neuropathic, and Nociplastic Pain in CRPS

Types of Pain Recognized by IASP | Evidence in CRPS Diagnostic Instruments Treatment
Nociceptive pain Inflammation?>2¢ Physical examination: tumor, dolor, calor, rubor and functio ® Physical therapy and rehabilitation”'*
laesa ® Psychological treatment”'%®
] ] 35 ® World Health Organization analgesic ladder medication®®
Inflammation biomarkers ) 39,40
® |mmunomodulating drugs®”
Contractures®? Physical examination: fixed flexion postures ® Physical therapy and rehabilitation”'%*

® Psychological treatment”'%®

Dystonia®?

Physical examination: fixed flexion postures. Passive stretching

of the affected digits should incite a contraction of the

Physical therapy and rehabilitation”"'**

® Anti-spasmolytics®>

stretched muscle implying stretch reflex hyperexcitability®> ® Psychological treatment”'%®
Neuropathic pain ® Major nerve lesions Physical examination: pain in neuroanatomical distribution ® Physical therapy and rehabilitation”"'**
PainDETECT* and DN4 questionnaire** ® Psychological treatment”'%®
Electromyography, magnetic resonance imaging ® Antidepressants or anticonvulsants>>
® Neurostimulation'%~'%®
® Small fiber neuropathy®® |® Quantitative sensory testing, skin biopsy
Nociplastic pain Central sensitization®®®®  |® Physical examination: more widespread allodynia/hyperalgesia |® Physical therapy and rehabilitation”'®*
® Michigan Body Map®' ® Psychological treatment”'%®
® Quantitative sensory testing, temporal summation®>”"' ® Antidepressants or anticonvulsants>>
® Conditioned pain modulation’? ® Intravenous ketamine®®
® Neurostimulation'%~'%®
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with T-cell activity.'”? The serum sIL-2R level was shown to be elevated in CRPS and may be used to monitor T-cell
mediated inflammatory activity in CRPS.**'%® Our research group suggests that inflammation should be treated in an
early stage with immunomodulating drugs.®'®® If inflammation is adequately treated, the damage caused by the
inflammatory process will be diminished. This will probably result in a lower CRPS severity due to a loss of contribution
of central sensitization and (vaso)motor disturbances to the syndrome severity.*'%*

Neuropathic pain due to peripheral nerve lesions can be diagnosed using electromyography or MRI. Small fiber neuropathy
can be detected with skin biopsies or quantitative sensory testing. Furthermore, neuropathic pain can be supported by dermatomal
spreading and questionnaires. A typical treatment for neuropathic pain is the prescription of anticonvulsants or antidepressants,
which may also be used in nociplastic pain. Nociplastic pain can be supported by clinical pain spreading expressed in a body map
and enhanced temporal summation or impaired conditioned pain modulation. Quantitative sensory testing and conditioned pain
modulation may be useful to predict treatment response. For instance, in diabetic neuropathy, a deficient pain modulation system
measured by conditioned pain modulation, predicted that duloxetine was more effective.'® It is suggested that duloxetine boosted
the endogenous descending inhibitory pathway. In addition, higher temporal summation predicted a positive treatment response
for ketamine and pregabalin in neuropathic pain patients and patients with chronic pancreatitis.''®'!" Currently, an ongoing RCT
on ketamine treatment for CRPS uses quantitative sensory testing and conditioned pain modulation to predict treatment of
response in certain subgroups of CRPS."'? Other parameters, such as quality of life, mood, and functionality can be assessed using
the COMPACT questionnaires.' '

Some interventions can be beneficial for multiple pain types in CRPS such as patient education, psychological interventions,
and physical therapy. These therapies should be considered as part of a comprehensive interdisciplinary treatment program.
Patient education should highlight a biopsychosocial model that addresses physical exercise, fatigue, stress reduction, and
cognitive difficulties.'® Regarding psychological interventions for CRPS, there are only few small studies testing their efficacy
for CRPS.” Given the efficacy of cognitive-behavioral therapy for chronic pain in general,'*'%” its utility for the management of
CRPS might also be expected.” Furthermore, clinical experience indicates that mobilization and active physiotherapy play an
important role in functional restoration,” but the evidence about the effect of physical therapy on CRPS is still very uncertain.'**
Our research groups recommend that the management of CRPS should be based on biopsychosocial model and psychological
support and physical therapy should be integrated as early as possible and continued during the course of the syndrome (Table 2).
Additional pharmacological treatment should target the most prominent pain type at clinical presentation and target specific
underlying pathophysiological mechanisms of CRPS.® When patients do not respond to conservative and pharmacological
treatment, neurostimulation can be considered.'° ' Neurostimulation may target multiple mechanisms including neuropathic
pain, ischemic pain, and inflammation.''*"'® We suggest that neurostimulation also affects nociplastic pain, as it is described that
neurostimulation inhibits pain transmission and neuron hyperactivity in the dorsal horn and activates descending modulatory
pathways that suggest supraspinal involvement.''®!''” A consensus-based e-health tool can help physicians in selecting CRPS

. . . 11
patients for neurostimulation.''®

Conclusion

Pain experienced by CRPS patients should be differentiated between nociceptive, neuropathic, and nociplastic pain to
optimize the management of CRPS. Pain should be seen as a continuum in which nociceptive, neuropathic, and
nociplastic pain can shift over the course of the syndrome due to a change in underlying pathophysiological mechanisms
of CRPS. Precision medicine—by subgrouping CRPS patients based on history taking, physical examination, and
diagnostic testing on the most prominent pain type—may tailor a more specific and effective treatment for individual
CRPS patients.

Abbreviations
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