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Chronic pain is a devastating disease which can affect 10-20%
of the whole population [1]. It is one of the prominent cases
of disability worldwide. For example, lower back and neck
pain is the leading cause of disability and migraine is ranked
as the third in the jobholder population [2].

Chronic pain has a significant impact on both individuals
and society. The costs of chronic musculoskeletal pain can
reach 0,5% of the whole GDP based on a study from Chile,
while the economic cost of migraine can be as high as £835
million annually in the UK [3, 4].

Despite of intensive pain research in the last 3 decades,
patient management is still a challenge for physicians and
patients may have to take long journeys until finding a
qualified specialist to receive appropriate treatment. For
example, a recent study showed that 40 patients suffering
from intractable chronic pain consulted the following num-
ber of practitioners: general physicians 461, pain specialists
172, psychologist/psychiatrists 104, and universities 23 [5].

Although advances have been made for the treatment of
chronic pain, it remains inadequately controlled for many
people. The vast majority of physicians are focusing only
on the casual background of pain (e.g., injury or arthropathy)
leading to unnecessary imaging and uncontrolled prescrip-
tion conventional painkillers or opioids [1].

Conventional analgesic drugs (NSAIDS) are minimally
effective and overused in the management of chronic pain,
leading to serious adverse effects and complications such as
heart attack, kidney failure, and gastrointestinal bleeding.
According to FDA recommendations, NSAIDs should be
administered at the lowest effective dose for the shortest

duration consistent with individual patient treatment goals,
and consequently, NSAIDs have a very limited use in the
management of chronic pain. However, a significant increase
could be found in the prescription of these drugs worldwide
in the absence of supporting evidence [6].

If properly selected, opioids can be efficacious but are also
associated with addiction. The overuse of these agents has led
to the opioid epidemic in the USA, in which in 2015 nearly
33,000 deaths were attributable to overdose with licit and
illicit opioids [7].

Although clinical phenotypes of different pain syn-
dromes are variable, they are linked through neuropsychiat-
ric complications that include mood disorders, persistent
fatigue, cognitive dysfunction, headache, irritable bowel syn-
drome, and insomnia [1].

Cognitive, psychosocial, and emotional factors have a
critically important influence on pain perception, due to
the connectivity of brain regions controlling pain percep-
tion, attention or expectation, and emotional states. Imag-
ing studies have confirmed altered activity of afferent and
descending pain pathways, as well as atrophy of different
pain perception regions of the brain, which can result in
psychiatric symptoms.

The introduction of the neurophysiological model of pain
during the past decade stimulated the development of more
therapeutically effective and cost-effective interdisciplinary
chronic pain management programs including pharmaco-
logical and cognitive therapies.

Chronic pain often has neuropathic components. This
kind of pain originates from injury to the peripheral or
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central nervous system resulting in maladaptive changes in
neurons along the nociceptive pathway [8]. In addition to
diabetic neuropathy and several common neuropathic pain
syndromes, there is limited evidence regarding the treatment
of chronic pain; therapeutic strategies are mainly based on
the most likely mechanism(s) of pain, instead on therapies
based focusing on the cause of pain. This paradigm however
may be difficult to implement in clinical practice [1, 8].

In this issue focusing on chronic pain, Szok and her
coworkers gathered literature-based evidence in the manage-
ment of neuropathic pain, which may also help to make ther-
apeutic decisions in the therapy of patients suffering from
intractable or chronic pain as there is a significant overlap
between these entities. The management of chronic pain,
apart from the most common syndromes, is still a challenge
for clinicians, and we also struggle with the lack of high-
quality evidence (for example, orofacial pain). This extensive
review integrates the latest International Association for the
Study of Pain (IASP) classification of chronic pain with the
International Classification of Diseases (ICD-11). Both phar-
macological and nonpharmacological interventions are dis-
cussed with the level of supporting evidence which may
help clinicians to guide treatment.

Pal et al. presented a cross-sectional, single-institution,
prospective study including a cohort of patients investigated
with small fiber neuropathy (SEN) between the years of 2012
and 2018 in a tertiary center. SFN is a disabling and often
unrecognized neuropathic pain syndrome with great impact
on quality of life. Treatment is often difficult due to the
heterogeneous epidemiology and the lack of randomized
studies. Their work guides us in the diagnostic workup
of SFN both in idiopathic and secondary forms. Based
on their results—in parallel with a limited number of pre-
vious studies—all recommended tests have to be done to
exclude the potentially treatable forms; otherwise, only
symptomatic therapy is available for patients.

Halicka and her coworkers highlight a poorly understood
neuropathic condition, chronic regional pain syndrome
(CRPS), focusing on neuropsychological changes in their
in-depth review. CRPS has been described as a devastating
pain syndrome associated with autonomic dysfunction,
swelling, dystrophic skin changes, stiffness, functional
impairment, and eventual atrophy. This review covers the
complex neuropsychological changes associated to CRPS
that include distortions in body representation, deficits in
lateralised spatial cognition, and nonspatially lateralised
higher cognitive functions, possibly related to the disruption
of parietal cortical networks sharing similarities with struc-
tural brain lesions or chronic pain syndromes. These cogni-
tive changes help to better understand brain networks
involved in pain processing and can be targets of future non-
pharmacological interventions of both CRPS and other
chronic pain syndromes.

Abandoning neuropathic pain syndromes, Bank and his
workgroup showed the possible association of migraine and
cardiovascular risk. As several epidemiological and prospec-
tive studies showed a link between migraine (especially
migraine with aura) and cardio- and cerebrovascular events,
they conducted a modified Framingham score-based evalua-
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tion of vascular event-free middle-aged migraineurs referred
to their headache clinic. Their article draws attention to the
higher cardiovascular risk of middle-aged migraineurs and
highlights the deficiency of primary prevention as most
migraineurs had higher cardiovascular risk comparing to
nonmigraineur populations, and the vast majority of mod-
erate- and high/very high-risk patients did not reach the
recommended metabolic targets. Their article describes the
cardiovascular aspects of migraine and based on their results
requires a holistic approach instead of focusing only on pain
and pain relief, underlying the complexity of this common
pain syndrome.
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Introduction. Migraine is a common primary headache disorder involving about 10-15% of the whole population. Several
epidemiological and prospective studies showed a link between migraine (especially migraine with aura) and cardio- and
cerebrovascular events. Objectives. We prospectively analyzed the data of vascular event-free middle-aged patients with migraine
who were referred to our Headache Clinic between 01/2014 and 01/2018. Framingham 10-year risk were calculated; covariates
included in the analysis were age, total cholesterol, HDL cholesterol, systolic blood pressure, antihypertensive medication use,
current smoking, and diabetes status. Results. Total of 1037 patients were screened and 221 were selected, 161 were women
(mean age 55.5 + 5.2 years) and 60 were men (mean age 56 + 6 years). 25 patients (11.3%) were labelled as having low risk, 162
patients (73.3%) had moderate risk, and 34 patients (15.4%) had high or very high risk. Blood pressure and lipid targets were
reached in 73% and in 49% in the moderate risk and in 53% and 12% in the high risk/very high risk groups, respectively.
Migraine with aura (MA) was associated significantly higher cardiovascular risk profile compared with migraine without aura
(MO). About one-third of our nondiabetic patients had fasting blood glucose above the normal levels. 24 patients (mean age
60 + 4.9 years) were diabetic. Mean blood pressure was 149/85 Hgmm, mean choleterol was 5.11 mmol/l, and mean LDL was
2.93 mmol/l in this subgroup, respectively, which do not fall within the recommended targets. Conclusion. Our article draws
attention to the higher cardiovascular risk profile of middle-aged migraineurs and highlights the deficiency of primary
prevention. Pain physicians must be aware of the cardiovascular aspects of migraine and holistic approach is required
instead of focusing only on pain and pain relief.

1. Introduction

Migraine is a common primary headache disorder involving
about 10-15% of the whole population, which means that
more than one billion individuals are estimated to have
migraine [1] It is the third leading cause of disability, and
characterized by severe, pulsating, mostly unilateral (often
secondarily generalized) headache accompanied by vomit-
ing, nausea, and autonomic dysfunctions (migraine without
aura (MO)), sometimes preceded by neurological symptoms
(most often visual, but also including sensory symptoms,
paresis, or brainstem signs, so-called migraine with aura
(MA)) [1, 2].

Several epidemiological and prospective studies showed a
link between migraine (especially MA) and cardio- and cere-
brovascular events [2-5]. A recent updated meta-analysis
including more than one million individuals showed a signif-
icant association between migraine and vascular diseases
mostly driven by the higher risk of stroke and myocardial
infarction [6].

The linking mechanisms seem to be complex and not
fully elucidated [3]. Cortical spreading depression (which is
the main trigger of aura) is associated with cerebral hypoper-
tusion, endothelial dysfunction, and the release of free radi-
cals potentially leading to white matter hyperintensities and
stroke-like lesions in the posterior circulation, which can be
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the predecessors of stroke syndromes [3, 6-8]. Migraineurs
usually have positive family anamnesis, sedentary lifestyle
with obesity and metabolic syndrome, significant subclinical
markers of atherosclerosis including higher levels of platelet
aggregation, von Willebrand factor and higher prevalence
of hypercoagulable states, and more frequent major cardio-
vascular risk factors [3, 6-9].

To improve the management of patients with headache,
the Hungarian Headache Society established 29 Headache
Centers accepting referrals from general practitioners (and
other medical professioners) or from neurologists not
specialized in headache [10].

The Hospital of Szigetvar is a primary hospital covering
more than 70000 patients in Southwest Hungary [10]. Our
outpatient headache clinic is the “youngest” in our country,
launched in 2014.

Based on our knowledge and literature research, only
relatively few studies identified patients with high cardiovas-
cular risk and we have no data with regard to real-life
Framigham score-based management of event-free migrai-
neurs (including medications and reaching target metabolic
parameters), so here we present a modified Framigham
score-based evaluation of vascular event-free middle-aged
migraineurs referred to our headache clinic.

2. Patients and Methods

2.1. Patients. We prospectively analyzed the data of patients
with headache who were referred to our Headache Clinic
between 01/2014 and 01/2018. Headaches were classified
based on the IHS criteria [11].

Inclusion criteria included a definitive diagnosis of
migraine (both MO and MA, and both episodic and chronic
forms), both sexes, aged between 45 and 65 years, and having
routine blood test results, including total and LDL cholesterol
values (TC and LDL-c, in mg/dl) obtained.

Patients were excluded if they presented with other
headaches than migraine (including medication-overuse
headache), having younger than 45 and older than 65 years,
the presence of vascular events (stroke, myocardial infarc-
tion, angina syndromes, and peripheral arterial disease), hav-
ing severe uncompensated concomittant diseases (for
example, uncompensated endocrine disorder; cholestasis;
renal, infectious, and liver disease; and current neoplasia).

2.2. Cardiovascular Risk Factors and Framingham Score.
Cardiovascular risk factors of relevance to this study
included smoking habit, diabetes mellitus, hypertension,
and dyslipidaemia. A concomitant medication history
was taken with respect to use of beta-adrenoreceptor
blockers, angiotensin-converting enzyme (ACE) inhibitors,
angiotensin (AT) II receptor blockers, and statins.

Hypertension was diagnosed in patients with elevated
blood pressure values (>140/90 Hgmm, measured twice in a
resting position) and in subjects taking antihypertensive
therapy. Dyslipidaemia was defined as treated with medica-
tion or according to the ESC guidelines [12]. Diabetes was
defined as fasting glucose >130mg/dl or being on antidia-
betic medication according to the ESC guidelines [13].
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TaBLE 1: Baseline characteristics of the study population.

Study population 221 (100%)
Mean age 55.61 £ 5.4 years
Males 60 (27.1%)
Females 161 (62.9%)
Migraine 173 (78.3%)
Migraine with aura 48 (21.7%)
Smoking 60 (27%)
Dyslipidaemia 40 (18%)
Hypertension 128 (58%)
Diabetes 24 (11%)
ACE inhibitors 80 (36.2%)
ARBs 28 (12.7%)
Statins 40 (18%)
Beta-blockers 68 (31%)
Blood pressure (Hgmm) 137/83
Cholesterol (mmol/l) 5.36

LDL (mmol/l) 3.12

GFR (ml/min) 74.23
(ACE inhibitors: angiotensin-converting-enzyme inhibitors; ARBs:

angiotensin receptor blockers; LDL: low-density lipoprotein; GFR:
glomerular filtration rate).

Estimated 10-year global cardiovascular risk was calcu-
lated by the modified Framingham Risk Score based on the
publication of Agostino et al. [14]. Covariates included in
the analysis were age, total cholesterol, HDL cholesterol,
systolic blood pressure, antihypertensive medication use,
current smoking, and diabetes status [14].

RiskFactors = (In (Age) * AgeFactor)
+ (In (TotalChol) * TotalCholFactor)
+ (In (HDLChol) * HDLCholFactor)
+ (In (SysBP) * SysBPFactor)
+ Cig + DM - AvgRisk

Risk =100 = (1 - RiskPeriodFactore(RjSkFa““’fS))

(1)

Patients were classified into three Framigham score
groups based on the recent ESC guideline criteria: low risk,
intermediate risk, and high/very high risk [15].

Data were evaluated as means + SD (standard deviation)
by Student’s ¢-test and the chi square test.

3. Results

A total of 1037 patients were screened and 221 were selected
accordingly to the inclusion/exclusion criteria: 161 women
(mean age 55.5+ 5.2 years) and 60 men (mean age 56 + 6
years). Baseline characteristics can be seen in Table 1.

Only 25 patients (11.3%) were classified as having low
cardiovascular risk, all of them were women (mean age
49.67 + 4.15 years). Blood pressure was below 140/90 Hgmm
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FIGURE 1: Reaching of target metabolic parameters in the different
study groups.

in all cases; mean cholesterol and LDL levels were 5.4 and
3.4 mmol/l, respectively. They had no diabetes, but 8 patients
(32%) had fasting glucose above the normal levels
(>5.6 mmol/l) (Figure 1).

Vast majority of our headache patients were classified
as having moderate cardiovascular risk. This subgroup
included 162 patients (73.3%) (mean age 56.23+5.1
years), 26 men (mean age 54.6+6.8 years) and 136
women (mean age 56.6+4.7 years). Blood pressure was
above 140/90 Hgmm in 44 patients (27%), and 84 patients
had lipid levels above the recommended targets (51%).
Eight patients (3%) were diabetic and 40 patients (26%)
had fasting glucose above the normal levels (Figure 1).

34 patients (15.4%) were classified as having high/very
high cardiovascular risk. This group consisted of 34 men
(mean age 57.1+5 years) and 12 patients were diabetic
(35%). Blood pressure was above the recommended level in
16 patients (47%), and 30 patients (88%) did not reach the
target lipid levels. Furthermore, 8 patients (36%) had fasting
glucose above the normal range (Figure 1).

MA patients were younger (53.8 + 6.4 vs. 56.2 £ 5 years,
p=0.005) than MO patients and all but one were female
(114 females and 59 males in the MO group) (p <0.001).
Despite younger age and female predominance, MA patients
had significantly worse modified Framingham scores than
MO patients, due to the higher rate of hypertension (75 vs
53.2%, p=0.006), diabetes (25 vs 11.6%, p=0.019), and
higher cholesterol levels (5.77 vs. 5.21 mmol/l, p=0.02)
(Table 2).

24 patients (mean age 60 + 4.9 years) were diabetic. Mean
blood pressure was 149/85Hgmm, mean choleterol was
5.11 mmol/l, and mean LDL was 2.93 mmol/l respectively,
which do not fall within the recommended targets.

4. Discussion

Migraine is a chronic disorder and amongst the leading
causes of disability. It affects a large proportion of the
population, with female and middle-aged predominance,
resulting in significant impact both on the individual and
the society. Migraine attacks have a complex pathophysiol-
ogy involving both neuronal and vascular mechanisms

[16]. These mechanisms, particularly those related to
inflammation, oxidative stress, and endothelial dysfunc-
tion, have raised the possible association between migraine
and vascular events [4].

As cardio- and cerebrovascular diseases are the leading
causes of death and disability worldwide, the role of
screening and prevention is extremely important. Numer-
ous risk assessment systems are widely available (including
free online calculators), one of them is the Framingham
risk score. To screen our patients, we used a Framingham
algorithm that was developed to identify persons at high
risk of atherosclerotic CVD, CHD, stroke, intermittent
claudication, and heart failure published by D’Agostino
et al. [14].

Based on our result, only approximately ten percent of
middle-aged migraineurs could be classified as having low
cardiovascular risk profile; vast majority have moderate and
about 15 percent of our patients have high or very high car-
diovascular risk. These results are significantly different to
previous Hungarian screening programs.

The Budakalasz study was a population-based screening
programme in the Central Hungarian region including
2420 people (mean age 54.8 + 14.8 years). Event-free patients
could be categorized as having low risk (47.6%), moderate
risk (41.4%), and high/very high risk (12%) which is parallel
to the findings of previous studies [17-19].

In the largest questionnaire-based Hungarian study pub-
lished in 2003, covering more than 80000 people showed that
event-free patients can be categorized as having low risk
(62%), moderate risk (27.7%), and high risk (9.7%) [20].

Based on the results of previous studies, the rate of
low-risk patients can be approximately 50% in age- and
sex-matched middle-aged persons based on Hungarian
epidemiological data (in contrast, 11.3% in our population),
and the rate of moderate and high/very high-risk patients
can be significantly lower in the general population, so
our migraineurs have higher cardiovascular risk in general
[17-20].

Framigham score elevation was more pronounced in
patients with MA comparing to MO. This is in parallel
with the findings of the Hunt study [8]. They supposed
different mechanisms apart from traditional risk factors
in the background of the elevated risk in MA. This is
in contrast to our findings; patients with MA all but
one were females, younger, and had significantly worse
cardiovascular profile (including smoking habits, rate of
hypertension and diabetes, and elevated cholesterol levels)
overriding the protective effect of female gender and
younger age.

Increased Framigham score may arise from the findings
that migraineurs usually have positive family anamnesis,
sedentary lifestyles with obesity and metabolic syndrome,
significant subclinical markers of atherosclerosis including
higher levels of platelet aggregation, von Willebrand factor,
and higher prevalence of hypercoagulable states [3-6]. On
the other hand, a recent study showed a positive correlation
between blood lipids and migraine intensity; migraine
prophylactic therapy can lead to significant reduction of
these parameters [21].
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TaBLE 2: Comparison of migraine patients with and without aura.

Migraine without aura Migraine with aura p values
Study population 173 48 na.
Mean age 56.2 + 5 years 53.8 £ 6.4 years 0.005
Males 59 (34.1%) 1 (2%) <0.001
Females 114 (65.9%) 47 (98%) <0.001
Smoking 48 (27.7%) 12 (25%) 0.14
Dyslipidaemia 31 (18%) 9 (18.7%) 0.89
Hypertension 92 (53.2%) 36 (75%) 0.006
Diabetes 20 (11.6%) 12 (25%) 0.019
ACE inhibitors 56 (32.3%) 24 (50%) 0.024
ARBs 20 (11.6%) 8 (16.7%) 0.34
Statins 36 (20.1%) 4 (8.3%) 0.04
Beta-blockers 48 (27.7%) 20 (41.7%) 0.06
Blood pressure (Hgmm) 137/84 138/82 0.23
Cholesterol (mmol/l) 5.21 5.77 0.02
LDL (mmol/l) 3.13 3.1 0.83
GFR (ml/min) 73.95 74 0.77

(ACE inhibitors: angiotensin-converting-enzyme inhibitors; ARBs: angiotensin receptor blockers; LDL: low-density lipoprotein; GFR: glomerular filtration

rate).

Furthermore, about one-third of our patients had fasting
glucose levels exceeding the normal range. Apart from a sed-
entary lifestyle and metabolic syndrome, increased fasting
neuropeptide Y levels in migraine can also be responsible
for insulin resistance (and subsequent glucose metabolism
changes) by specific alterations in energy intake and activa-
tion of the sympathoadrenal system [22].

The entire process in the background of increased
vascular risk is not entirely clear, but strong evidence suggests
the association of migraine and unfavourable cardiovascular
outcome [4-6].

Our study is the first to show the deficiency of primary
prevention in middle-aged migraineurs, especially those with
high/very high cardiovascular risk. Many patients did not
reach the target ESC recommendation levels in blood pres-
sure and metabolic parameters. In a cardiovascular point of
view, maybe diabetic migraineurs were the most neglected
subgroup in our population.

In general, our article draws attention to the higher car-
diovascular risk of middle-aged migraineurs and highlights
the deficiency of primary prevention. Pain physicians must
be aware of the cardiovascular aspects of migraine, and holis-
tic approach is required instead of focusing only on pain and
pain relief.

Finally, our article has some limitations. It was a pro-
spective, single-center study in nature. Secondly, a referral
bias was inherently present in our study, does not reflect
normal age and gender distribution of migraineurs, and
patients with long-standing and disabling headaches were
referred as it was conducted at a specialty care center;
therefore, it may not be representative of migraineurs in
the general population. We had no detailed information
on the use of specific drugs for migraine that might be
associated with unfavourable side effects (for example,

hypertension in chronic NSAID wusers). And finally,
follow-up was not carried out.
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Complex Regional Pain Syndrome (CRPS) is a poorly understood chronic pain condition of multifactorial origin. CRPS involves
sensory, motor, and autonomic symptoms primarily affecting one extremity. Patients can also present with neuropsychological
changes such as reduced attention to the CRPS-affected extremity, reminiscent of hemispatial neglect, yet in the absence of any
brain lesions. However, this “neglect-like” framework is not sufficient to characterise the range of higher cognitive functions that
can be altered in CRPS. This comprehensive literature review synthesises evidence of neuropsychological changes in CRPS in the
context of potential central mechanisms of the disorder. The affected neuropsychological functions constitute three distinct but not
independent groups: distorted body representation, deficits in lateralised spatial cognition, and impairment of non-spatially-
lateralised higher cognitive functions. We suggest that many of these symptoms appear to be consistent with a broader disruption
to parietal function beyond merely what could be considered “neglect-like.” Moreover, the extent of neuropsychological symptoms
might be related to the clinical signs of CRPS, and rehabilitation methods that target the neuropsychological changes can improve
clinical outcomes in CRPS and other chronic pain conditions. Based on the limitations and gaps in the reviewed literature, we

provide several suggestions to improve further research on neuropsychological changes in chronic pain.

1. Introduction

Complex Regional Pain Syndrome (CRPS) is a chronic pain
condition of poorly understood origin that predominately
affects distal parts of one extremity, although in some cases
it can spread to other limbs over time [1]. It is characterised
by a combination of sensory, motor, and autonomic abnor-
malities. There is growing body of evidence suggesting that
despite the absence of any brain lesions, people with CRPS
can present with neuropsychological symptoms. Previous
reviews have attempted to address the topic of “neglect-
like” symptoms (e.g., spatial attention bias away from the
CRPS-affected side [2-4]). Going beyond the analogy to
hemispatial neglect and integrating the current knowledge

about the full breadth of cognitive changes found in CRPS
is important for elucidating the cortical and cognitive mech-
anisms that could be involved in the development, mainte-
nance, and treatment of its clinical symptoms. This might
have implications for other chronic pain conditions that
share similar neuropsychological components. Therefore,
this article provides a comprehensive, critical review of the
evidence for altered neuropsychological functions in CRPS.

We conducted a literature search using the PubMed data-
base for articles including keywords regarding Complex
Regional Pain Syndrome published in English between
1995 and 2019. To identify relevant articles, we screened
the titles and abstracts for keywords regarding cognitive
function. We also manually searched and cross-referenced
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the reference lists of relevant articles to identify additional
studies that were not detected through the initial literature
search. Because the clinical presentation and recovery rates
of paediatric CRPS differ from CRPS in the adult population
[5-7], we limited the scope of this review to adults. However,
it is noteworthy that we did not identify any studies investi-
gating neuropsychological changes in children with CRPS
in the literature search.

Integrating the existing evidence for neuropsychological
changes in CRPS, in the current review, we do the following:

(i) Summarise the clinical presentation of CRPS and
proposed pathophysiological mechanisms, includ-
ing peripheral and central processes, with the aim
to situate the neuropsychological symptoms in the
clinical picture of the syndrome

(ii) Review the evidence of neuropsychological changes
in CRPS, distinguishing three major categories: body
representation disturbances, lateralised spatial cog-
nition deficits, and non-spatially-lateralised higher
cognitive deficits. Where applicable, we relate these
symptoms to evidence of similar cognitive deficits
in people who suffered brain lesions or other chronic
pain conditions

(iii) Discuss the specificity of neuropsychological symp-
toms to CRPS and their clinical relevance with
regard to the development, maintenance, and treat-
ment of CRPS

We conclude that the currently used “neglect-like”
framework is insufficient for characterising the variety of
neuropsychological changes shown by people with CRPS
and advocate the role of parietal cortical networks in the
emergence of these symptoms.

2. Clinical Features and
Pathophysiology of CRPS

CRPS most commonly develops following a fracture, sprain,
or surgery, although there are known instances of spontaneous
onset [8-10]. Persistent, continuing pain disproportionate to
any preceding injury is the primary complaint, but CRPS also
affects a range of other physical and cognitive functions. In
the following sections, we summarise the clinical manifesta-
tions of CRPS and their proposed pathophysiological mech-
anisms, to provide context for understanding the changes
in higher cognitive functions in these patients.

2.1. Sensory, Autonomic, and Motor Symptoms. The diagno-
sis of CRPS requires both self-reported symptoms and signs
that are evident during clinical examination [11] (see diag-
nostic criteria in Table 1). Sensory changes include perceiv-
ing nonnoxious stimulation as painful (allodynia) and/or
experiencing severe or prolonged pain in response to mildly
noxious stimulation (hyperalgesia). Autonomic dysfunction
can manifest as temperature, skin colour, and sweating asym-
metry between the affected and unaffected limbs, oedema,
and changes in skin appearance and hair and nail growth

Behavioural Neurology

TaBLE 1: Budapest diagnostic criteria for CRPS [11, 12].

(a)

(i) Continuous pain disproportionate to any inciting event

(ii) Reporting at least one symptom in at least three (clinical
diagnostic criteria) or four (research diagnostic criteria)
categories

(iil) Displaying at least one sign at the time of assessment in at least
two categories

(iv) Lacking other diagnosis that could better explain the
symptoms and signs

(b)

Category Symptoms/signs

(i) Hyperesthesia/hyperalgesia
Sensory (ii) Allodynia

(i) Temperature asymmetry
Vasomotor (ii) Skin colour changes/asymmetry
Sudomotor/oedema (1) Sweating changes/asymmetry

(ii) Oedema

(i) Decreased range of motion
Motor/trophic (ii) Motor dysfunction (weakness, tremor,

and dystonia)
(iii) Trophic changes (hair, nails, and skin)

on the affected extremity. Motor abnormalities include
tremor, decreased range of movement, muscle weakness,
and/or having the affected limb set in a sustained, fixed pos-
ture (dystonia). The breadth of clinical manifestations and
their possible combinations means that CRPS is a multiface-
ted and heterogeneous disease.

2.2. Peripheral and Central Mechanisms of CRPS. The patho-
physiology of CRPS is not well understood, and evidence
points towards a multifactorial origin of this disorder. The
most strongly implicated mechanisms can be classified into
peripheral and central processes (for reviews, see [13-16]).
In brief, an aberrant inflammatory response to tissue trauma
can lead to sensitisation of peripheral and spinal nociceptive
fibres, neuroinflammation, and dysfunction of peripheral
blood circulation [17-20]. Peripheral mechanisms cannot
tully account for the fact that CRPS symptoms persist long
after the inflammatory response should have resolved. How-
ever, patients also show maladaptive plastic changes in the
central nervous system [16, 21, 22]. Changes on the spinal
and supraspinal level directly linked to clinical signs of CRPS
involve central sensitisation, whereby spinal nociceptive
neurons become hyperresponsive to peripheral input and
increase nociceptive signalling to the cortex even in the
absence of such input [23-26]. A shift from inhibition towards
facilitation of nociceptive input was also found in the endog-
enous pain modulation system in CRPS [27]. Peripheral and
central mechanisms are not contradictory, and they can
interact to produce clinical signs of CRPS. Central changes
also occur at a higher, cortical level [16, 28]. The evidence
regarding structural reorganization is scarce [29, 30], but
extensive evidence of functional cortical reorganization of
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sensory and motor representations of the limbs in CRPS has
been reviewed elsewhere [31, 32]. This review concerns
behavioural and clinical evidence for altered higher cognitive
functions (i.e., neuropsychological symptoms), which thus
far have not been comprehensively summarised.

3. Altered Neuropsychological
Functions in CRPS

In the following section, we review higher cognitive processes
that are affected in CRPS and that suggest cortical reorganiza-
tion. The known physiological underpinnings of CRPS alone
cannot account for some cognitive phenomena observed
in this condition, though neuropsychology provides a useful
framework for explaining them. The neuropsychological
changes include body representation distortions (Section
3.1), lateralised spatial cognition deficits (Section 3.2), and
other neuropsychological symptoms that implicate disrup-
tion of broad cortical networks, especially parietal function-
ing (Section 3.3). We summarise and discuss the study
details and behavioural findings from research investigating
these neuropsychological changes in CRPS (see also Table 2).

3.1. Body Representation. Altered body representation is
among the earliest and best characterised neuropsychological
changes in CRPS. Cognitive representations of one’s body are
derived from proprioceptive, vestibular, somatosensory, and
visual information that interact with the motor system to
guide actions [79]. This dynamic online representation of
body posture is often called “body schema” [80]. However,
in this review, we use a broader term “body representation”
that also incorporates the structural definition of the body
(i.e., perception of its size, shape, and boundaries) as well as
the body image (defined as the semantic representation of
the names and function of distinct body parts) [80]. Distor-
tions of body representation manifest in CRPS as self-
reported disturbed perceptions, ownership of and feelings
towards the affected limb; difficulties with mentally rotating
and recognising the laterality of pictures of the limbs; and
erroneous estimation of the size, position, and movement
of the limbs from single sensory modalities (while multisen-
sory integration appears intact). Below we discuss evidence
for each of these manifestations in turn.

3.1.1. Self-Reported Body Perception Disturbances. Initial
clinical reports [33] and questionnaire studies [36, 37]
showed that up to 60% of patients reported loss of ownership,
recognition, or awareness of their CRPS-affected limb. This
research is aimed at measuring the so-called “neglect-like”
symptoms in CRPS. Neglect is an attention deficit affecting
the hemispace contralateral to a brain lesion [81], discussed
in more detail in Section 3.2. Early research in CRPS consid-
ered reports of the affected limb not being part of the
patient’s body and feeling dead as “cognitive neglect” symp-
toms [35, 36], yet we would argue that they are better charac-
terised as a disturbance of the mental representation of the
body. Specifically, these symptoms closely resemble asoma-
tognosia (lost sense of ownership of one’s limb), which can
follow temporoparietal lesions. Asomatognosia often cooc-

curs with hemispatial neglect, yet it is not a diagnostic feature
of the neglect syndrome [82, 83]. Interviews of people with
CRPS about their perceptions of their body [34] revealed a
range of disturbances consistent with distorted body repre-
sentation (see also [52]). These included perceptions of the
affected limb as being larger or smaller, misshapen, or heavier
relative to its true size, shape, and weight; negative feelings
towards the affected limb such as disgust or hatred (reminis-
cent of misoplegia [84]); the desire to amputate it; a mis-
match between sensation of the affected limb and its
appearance; lacking parts of the limb from their mental rep-
resentation; and poor awareness of the affected limb’s posi-
tion. Although more prevalent in chronic CRPS [37], such
experiences can manifest within days of disease onset [34].
The severity of self-reported body perception disturbance
correlated with impaired tactile acuity [47], which was linked
to reorganization of the primary and secondary cortical maps
of the CRPS-affected limb [85, 86]. This suggests that subjec-
tive body representation distortion could be accompanied by
changes in the brain pertaining to the central mechanisms of
CRPS.

3.1.2. Limb Laterality Recognition. Several studies have used
variations of the limb laterality recognition task, also some-
times referred to as mental hand/foot rotation, to measure
body schema in CRPS (e.g., [45, 57-59, 61-63]). In a typical
procedure, the task requires speeded identification of left or
right limbs from pictures of hands or feet in different pos-
tures and/or at different angles of rotation from the upright
(canonical) position. In pain-free controls, response times
increase with the angle of rotation (i.e., they get longer con-
sistent with the spatial disparity between the pictures of
limbs and the canonical posture and also according to the
biomechanical constraints that make some hand rotations
physically easier than others [87]). Therefore, it is thought
that the limb laterality recognition task involves mentally
rotating the pictured limb to match it to the current posi-
tion of one’s own limb (or vice versa) in a manner that
complies with biomechanical constraints [59, 88, 89]. This
is thought to require the participants to use the cognitive
representations of the limb that corresponds to the one
depicted in the picture [90, 91]. Consistent with the involve-
ment of motor imagery [87], neuroimaging studies show
increased activation of premotor and parietal regions during
hand laterality recognition [92, 93].

People with CRPS were less accurate and slower in deter-
mining the laterality of images corresponding to their painful
limb than of images corresponding to their unaffected limb
[56-60], indicative of the cognitive representation of the
affected limb being distorted. Moreover, Reid et al. [58]
found that in addition to taking longer to recognise pictures
of limbs corresponding to their affected side of the body,
people with CRPS took longer to recognise pictures of limbs
presented in their affected side of space. The latter effect
occurred for both the images of hands and feet regardless of
whether participants had CRPS in upper or lower limbs;
however, it was specific to images of body parts and not to
other stimuli (e.g., letters). Although there appears to be
strong evidence for lateralised body representation
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TaBLE 2: Summary of neuropsychological functions investigated in people with CRPS in research studies published between July 1995 and
June 2019.

Neuropsychological Performance of participants with I
function/symptom Measure/task CRPS* Study details
Body representation
Distorted representation of the
affected limb (altered perceptions
Self-reported body . of size, shgpe, and weight; desire t.o Galer et al. [33], N = 11;
. Interview amputate; mismatch between sensations . _
perception . Lewis et al. [34], N =27
and appearance of the limb; erasure of
its anatomical parts; poor awareness of
its position; and asomatognosia)
Forderreuther et al. [37], N = 40;
Frettloh et al. [35], N = 123, PC; Galer
Neolect_like symptoms Asomatognosia (feelings of foreignness ~ and Jensen [36], N = 224; Kolb et al.
& i . Y[3P5) 36] and lack of ownership of the affected  [38], N = 20, HC, PCt; Michal et al. [39],
questionnaire {55, limb) (17-90%) N =50, PC; Reinersmann et al. [40],
N =24, PCt, [41], N = 24, PC; Wittayer
et al. [42], N =53
Brun et al. [44], N = 13; Bultitude et al.
Bath CRPS body perception Distorted representation of the [45], N = 24; Kotiuk et al. [46], N = 50;
disturbance scale [43] affected limb (see above) Lewis and Schweinhardt [47], N =22,
HC; Tajadura-Jiménez et al. [48], N = 12
Obiective limb size iﬁg&?ﬁiﬁiﬁi‘éﬁ?i&jﬁf Overestimation of size of the Moseley [49], N = 50, PC, AL; Peltz et al.
) 278 affected limb [50], N = 30, HC, AL
images
Tactile distance judgements  Perceived lengthening of the unaffected . _
following tool use arm and shortening of the affected arm Vittersp et al. [51], N = 36, HC, BL
Limb position sense Limb position matching Reduced accuracy in both limbs Brun et al. [44], N = 13, HC, BL; Lewis

et al. [52], N =20, HC, BL

Christophe et al. [53], N =1, NC, BL;
Bias towards the affected side of space  Jacquin-Courtois et al. [54], N =1, NC,
HC, AL

Christophe et al. [55], N =7, NC, BL;

Manual straight-ahead pointing
(eyes closed)

Normal Kolb et al. [38], N = 20, HC, PC, BL
Limb movement Estimation of the extent of actual Reduced accuracy and precision in
movement relative to altered cyancp Brun et al. [44], N =13, HC, AL
sense . the affected limb
visual feedback
Mental limb
rotatlon/mt.ernal Limb laterality recognition test Reduced accuracy for the affected vs. Johnson et al. [56], N = 29
representation unaffected limb images
of limbs
Johnson et al. [56], N =
Moseley [57], N =18, HC
Longer reaction times for the affected osley [571, _
fected limb i Reid et al. [58], N=1 0
vs. unaffected limb images Schwoebel et al. [59], N =
HC, [60], N=12

Longer reaction times for images of
both limbs in the affected vs. Reid et al. [58], N =130
unaffected side of space

Bultitude et al. [45], N = 24, HC;
Kohler et al. [61], N =15, HC;

Longer reaction times for images Reinersmann et al. [62], N = 12,

of both limbs HC, PCt; Wittayer et al. [42],
N =53, HC

Breimhorst et al. [63], N =20,

Normal HC; Reinersmann et al. [40],

N =24, HC, PC
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TaBLE 2: Continued.

Neuropsychological Performance of participants with g
function/symptom Measure/task CRPS™ Study details
Multisensory . _
integration/body Rubber hand illusion Normal Reinersmann et al. [41], N =24,
. HC, PC, BL
ownership
. Reduced illusion strength for
Bimanual vision-proprioception only (abnormal Wang et al. [64];
representation Artificial finger illusion bimanual representation); normal N =20, HC, BL
of limbs . g
with tactile input
Lateralised spatial cognition
Motor neglect for the affected
limb (slower initiation, execution,
and decreased amplitude and
Self-reported spatial extent of movements,

motor neglect

Visuomotor
spatial attention

Egocentric frame
of reference

Interview/clinical observation . . .
required directed attention to

move the affected limb, and
occurrence of involuntary

movements)
Neglect-like symptoms Motor neglect for the affected
questionnaire [35, 36] limb (see above) (17-90%)

Bias towards the affected relative

Line bisection .
to unaffected side of space

Bias away from the affected relative
to unaffected side of space

Normal

Bias towards the left relative to right

Robot-assisted line bisection .
side of space

Bias away from the affected relative
to unaffected side of space (on
the affected limb and on both limbs
on the affected side of space)

Line bisection on the limbs

Clock drawing test Normal

Bias towards the affected relative
Visual subjective body midline to unaffected side of space
(only in the dark)

Bias towards the left relative to
right side of space (in the dark)

Normal (in the dark)

Galer et al. [33], N=11

Frettloh et al. [35], N = 123, PC;
Galer and Jensen [36], N = 224;
Kolb et al. [38], N =20, HC, PCt;
Michal et al. [39], N =50, PC;
Reinersmann et al. [40], N =24,
PCt, [41], N =42, PC;
Wittayer et al. [42], N =53

Christophe et al. [53], N=1,
NC, BL; Jacquin-Courtois et al.
[54], N = 1, HC, NC, AL;
Forderreuther et al. [37],

N =29, HC, BL

Robinson et al. [65], N =1, NC

Christophe et al. [55], N =7, NC,
BL; Forderreuther et al. [37],

N =29, HC, BL; Kolb et al. [38],
N =20, HC, PC; Reid et al. [58],
N =13, NC, BL; Reinersmann et al.
[40], N =24, HC, PC

Verfaille et al. [66], N =15, HC, UL

Reid et al. [58], N = 13, NC, BL

Kolb et al. [38], N =20, HC, PC
Christophe et al. [53], N =1, NG;
Jacquin-Courtois et al. [54], N =1,
HC, NC; Sumitani et al. [67],
N =27,HC [68], N =36, HC,
[69], N =5, NC; Uematsu et al.
[70], N =22, PC
Reinersmann et al. [40], N =24,
HC, PC
Christophe et al. [55], N =7, NC;
Wittayer et al. [42], N =53, HC
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Neuropsychological
function/symptom

Measure/task

Performance of participants with
CRPS™

Study details®

Tactile spatial
attention

Auditory spatial
attention

Visual spatial
attention

Internal
representation
of space

Spatially-defined
motor control

Confrontation test
(detection of concurrent
stimulation on both limbs)

Temporal order judgements

Temporal order judgements

Temporal order judgements

Temporal order judgements

Orienting saccades to cued and
noncued stimuli in the left and
right visual fields

Speeded detection task

Mental number line bisection

Rhythmic finger tapping

Speeded button pressing

Circle drawing task

Omissions of stimuli on the affected
side of the body (extinction; 14%)

Bias away from the affected relative to
unaffected limb (when tactile stimuli
delivered to uncrossed hands)

Bias away from the affected limb (when
tactile stimuli delivered to uncrossed
hands) and from the affected side of

space (when tactile stimuli delivered to

hands crossed over body midline),
relative to the unaffected limb and side
of space

Normal (crossed and uncrossed hands)
Normal

Bias away from the affected relative to
unaffected side of space and limb (when
visual stimuli presented in near space
without hands, or on the surface of
uncrossed hands, but not when hands
were crossed over body midline)

Bias away from the affected relative to
unaffected side of space (when visual
stimuli presented near uncrossed hands
but not far from the hands)

Normal

Longer reaction times in the right side of
space

Deviation away from the affected
relative to unaffected side of space

Deviation towards the affected relative
to unaffected side of space

Normal/no hands asymmetry (with one
and both hands, in uncrossed and
crossed posture, with and without visual
feedback)

Normal/no hands asymmetry (with one
and both hands, hands close together or
further apart, without visual feedback)
Slower and more variable movements
(with the affected vs. unaffected hand in
both sides of space, and with both hands
in the affected vs. unaffected side of
space)

Reduced accuracy (with the affected vs.
unaffected hand in both sides of space,
and with both hands in the affected vs.
unaffected side of space)

Normal/no hands asymmetry

Cohen et al. [71], N =22, BL

Reid et al. [58], N =13, NC

Moseley et al. [72], N = 10, [73],
N =10, HC

Filbrich et al. [74], N =12, NC

Reid et al. [58], N =13, NC

Bultitude et al. [45], N =24, HC

Filbrich et al. [74], N = 14, NC

Filippopulos et al. [75], N =8, HC

Kolb et al. [38], N =20, HC, PC

Sumitani et al. [67], N =27, HC

Christophe et al. [53], N =1,
NG; Jacquin-Courtois et al. [54],
N =1, NC, HC

Christophe et al. [55], N =7,
HC, BL

Christophe et al. [53], N=1, BL

Reid et al. [76], N =13, BL

Reid et al. [76], N =13, BL

Christophe et al. [55], N =7,
HC, BL
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TaBLE 2: Continued.

Neuropsychological
function/symptom

Measure/task

Performance of participants with
CRPS™

Study details®

Non-spatially-lateralised cognition

Object recognition

Face recognition

Finger identification

Tactile recognition
of writing on the
skin

Constructional
ability

Numerical and
language processing

Speech repetition

Verbal fluency

Visuospatial
orientation

Knowledge about
object orientation

Knowledge about
order and
orientation of
numbers and
letters/words

Body sides
differentiation

Imitation of
complex
movements

Temporal acuity
Alertness

Working memory

Tactile recognition of objects

Visual recognition of objects

Benton test of face perception

Identification of indicated
fingers (verbally, by touch,
pointing, or movement)

Identification of letters and
numbers traced onto one’s palm

Copying or constructing named
geometric figures using drawing
or matchsticks

Kohs block test

Counting, mental arithmetic,
reading, repeating, writing,
copying, identifying numbers
and letters/words, spelling

Repetition of words and
sentences, confrontation naming

Boston Naming test, animal
(semantic) fluency, letter fluency

Rod Orientation test

Object orientation judgements,
copying, drawing, and reorienting
objects into upright position

Spontaneous and dictated
writing and copying

Letter orientation recognition

Identification of indicated body
parts (verbally, by touch, or
pointing)

Pantomime of indicated motor
acts

Temporal order judgements
Test of attentional performance
Digit span

Test of attentional performance

Astereognosia for the affected hand
(64%)
Normal
Prosopagnosia

Finger agnosia on the affected limb
(48-59%); longer reaction times,
reduced accuracy, and increased

variability of finger discrimination

(on both hands, but worse on
the affected hand)

Normal

Dysgraphaesthesia on the affected hand
(36%)

Constructional apraxia for the affected
hand (32%)

Normal

Dyscalculia (27%); dysgraphia for the
affected hand (27%)

Conductional dysphasia (4%)
Impaired verbal fluency

Normal

Agnosia for object orientation

Mirror reversal in writing and reading,
horizontal inversion of letters and
words, and letters and numbers ordering
in writing (cases for the affected hand,
both hands, and unaffected hand)

Normal (for standard vs. reflected letters
and left vs. right side of space)

Left-right disorientation (9%)

Normal

Ideomotor apraxia (5%)

Reduced temporal acuity
Normal response readiness
Impaired working memory span

Normal continuous updating

Cohen et al. [71], N=22, HC, BL

Robinson et al. [65], N =1, NC
Robinson et al. [65], N =1, NC

Cohen et al. [71], N =22, HC,
BL; Forderreuther et al. [37],
N =73, BL; Kuttikat et al. [77],
N =13, HC, BL

Robinson et al. [65], N =1, NC, UL

Cohen et al. [71], N =22, HC, BL

Cohen et al. [71], N =22, HC, BL

Kolb et al. [38], N =20, HC, PC

Cohen et al. [71], N =22, HC, BL

Cohen et al. [71], N =22, HC
Libon et al. [78], N =137, NC

Kolb et al. [38], N =20, HC, PC

Robinson et al. [65], N =1, NC

Cohen et al. [71], N =22, HC, BL;
Robinson et al. [65], N =1, UL

Reid et al. [58], N =13

Cohen et al. [71], N =22,
HC, BL

Robinson et al. [65], N =1,
NC, UL

Cohen et al. [71], N =22, HC, BL

Bultitude et al. [45], N =24, HC

Reinersmann et al. [62], N = 12;
HC, PC

Libon et al. [78], N =137, NC

Reinersmann et al. [62], N =12,
HC, PC
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TaBLE 2: Continued.

Neuropsychological Performance of participants with I

function/symptom Measure/task CRPS™ Study details

Spatial working Block tapping test Normal Kolb et al. [3.8], N =20, HC, PC,

memory right limb

Episodic verbal Impaired encoding, recall, and

memory and California verbal learning test II P 8 ’ Libon et al. [78], N =137, NC

learning recognition

Global processing impairment

Digit span, Boston naming test,
animal (semantic) fluency, letter
fluency, and California verbal
learning test II

Global cognitive
processing

(particularly impaired naming,
declarative memory, and executive
function; 23%) or mild dysexecutive
syndrome (particularly impaired
working memory and verbal fluency;

Libon et al. [78], N =137, NC

42%)

*Percentages represent the proportion of individuals with CRPS out of the total CRPS sample who presented with abnormal performance. We reported
percentages where available; in other cases, we presented group effects. "Normal performance indicates that there were no differences between participants
with CRPS and control participants and/or between the affected and unaffected side among participants with CRPS. °N represents CRPS sample size.
Where applicable, we specified which control group was included (HC = healthy/pain-free controls; PC = pain controls; NC = normative data or comparison
against zero; T =no significant difference between CRPS and control group) and which limb(s) were tested (AL = affected limb; UL = unaffected limb;

BL = both limbs).

distortions in CRPS, some authors have reported equally slo-
wed limb laterality judgements for pictures representing both
the affected and unaffected limbs, compared to healthy con-
trols [42, 45, 61, 62]. This could be due to methodological dif-
ferences, or it could indicate more generalised changes in
body representation or reduced psychomotor speed due to
the effects of pain medication [94] or chronic pain in general
(rather than CRPS specifically) [95]. This would be consistent
with the finding of comparable slowing in laterality recogni-
tion of both limbs in phantom limb pain and CRPS [45, 62].
Finally, there are also contradictory findings suggesting that
both people with CRPS and healthy controls are faster in
recognising the images of limbs corresponding to their domi-
nant hand, regardless of which side of the body is affected [40]
or do not differ in limb laterality recognition [63].

3.1.3. Estimation of Limb Size, Position, and Movement from
Unisensory Cues. Distorted perceptions of the body are evi-
dent in several modalities, including its visual and proprio-
ceptive representations. Patients with CRPS were presented
with compressed and expanded schematic drawings of hands
[50] and real pictures of their own hands manipulated in the
same manner [49]. When asked to indicate the pictures that
most accurately represented the size of their affected hands,
they tended to choose enlarged images, overestimating the
size of their painful extremities.

Distorted estimates of limb position and limb movement
have also been reported for people with CRPS. “Manual” or
“proprioceptive straight-ahead” [96] requires participants
to point straight ahead of their perceived body midline, with-
out vision of the limb or external space (e.g., with the eyes
closed), and thus relies on integrating proprioceptive infor-
mation about position of an arm with perceived body mid-
line. A shift of manual straight-ahead towards the affected
side of space relative to objective midline has been found in
a case of CRPS [53, 54] when the patient used the affected

hand and also when she used the unaffected one. Neverthe-
less, two group studies found no significant deviations from
the true body midline nor from the subjective midline of
healthy and pain controls, on the same manual task per-
formed with either or both arms [38, 55]. Manual straight-
ahead estimations of individuals with CRPS were not more
variable than among the controls [38]. However, people with
CRPS presented with impaired limb position sense in two
studies that used matching tasks. In Lewis et al.’s [52] study,
participants were required to match the position of their
affected and unaffected arm to specified targets that were
external to their body (i.e., point their arms as though they
were the hour hand on a clock showing a particular time).
In Brun et al’s [44] study, they were required to match the
position of the affected or unaffected arm to the mirror-
reverse position of their other arm, which had been passively
moved by a robot. In both of these studies, people with CRPS
made more errors and were less precise than healthy controls
when positioning both arms when they did not have vision of
their limbs. This suggests that proprioceptive deficits are
bilateral and thus cannot be attributed solely to sensory def-
icits in the CRPS-affected limb.

In a third task, people with CRPS also presented with
reduced accuracy and precision in the sense of limb move-
ment. Participants observed movement of a virtual limb
anchored to the movement of their unseen affected limb
and judged whether it was smaller or greater than their actual
movement. People with CRPS both under- and overesti-
mated the extent of their movements relative to healthy con-
trols [44]. Both this impaired sense of movement of the
affected limb and the previous findings of more variable posi-
tioning performance for the affected and unaffected limbs
provide evidence of impaired proprioception, since partici-
pants could not see their limbs and thus were forced to rely
on proprioception for these tasks [44, 52-54]. However, these
deficits are not consistently found [38, 55].
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3.1.4. Multisensory Contributions to Body Representation in
CRPS. Research also investigated how information from mul-
tiple sensory modalities is combined to contribute to body
representation in CRPS. An additional observation from
the study by Lewis et al. [52] is that when people with CRPS
kept their eyes open while they placed their affected arm at
particular clock face locations, their limb position deficits
were smaller than when they performed the task with their
eyes closed. Positioning of the unaffected arm did not signif-
icantly improve with vision. This demonstrates that people
with CRPS rely on visual cues in addition to propriocep-
tive ones when estimating the position of the affected
limb. Furthermore, Tajadura-Jiménez et al. [48] found that
the self-reported inability to visualize the affected limb or
overestimation of its size could be altered by auditory feed-
back during movement. In this study, people with upper or
lower limb CRPS heard manipulated sounds linked to their
footsteps, with higher frequencies inducing an impression
of lighter body weight and smaller body dimensions and
lower frequencies inducing an impression of heavier weight
and larger body dimensions. Similar to the performance of
healthy participants in another study [97], the gait of people
with CRPS was altered in that the time of foot contact
with the floor increased with lower frequency sounds, con-
sistent with having heavier body. For some participants,
the sound feedback also helped to restore the representa-
tions of previously missing parts of their body. The studies
of Lewis et al. [52] and Tajadura-Jiménez et al. [48] sug-
gest that people with CRPS can integrate visual and audi-
tory feedback with proprioceptive information from their
body into the body representation.

However, the process of updating body representation
might differ for the affected and the unaffected side. In a
recent study, Vittersg et al. [51] demonstrated altered updat-
ing of body representation following tool use for people with
CRPS compared to controls. Participants estimated the felt
distance between two points touching the arm before and
after tool use. Tool use typically leads to a shortening of the
felt distance between the two points, which is interpreted as
a perceived lengthening of the arms as the body representa-
tion is updated to incorporate the tools. Relative to pain-
free controls, people with upper limb CRPS had a more pro-
nounced updating of body representation for their unaffected
arm following tool use (i.e., a larger perceived lengthening
than the controls) and showed the opposite pattern for their
affected arm (i.e., a perceived shortening). These findings
suggest that the representation of the body is more malleable
for people with CRPS and that multisensory information can
have different effects for the affected and unaffected limbs.

Susceptibility to body-related multisensory illusions can
provide insights into which mechanisms governing body rep-
resentation might be disrupted or preserved in CRPS. The
rubber hand illusion is a phenomenon thought to indicate
that body ownership arises from integrating congruent visual
and tactile input with the existing mental representation of
one’s body [98]. Thus, preserved multisensory integration
should be necessary for illusory ownership of the rubber
hand to occur. During the rubber hand illusion, a participant
views a real-size rubber arm placed where their real arm

would normally reside, while their real arm is placed out of
sight nearby and in an analogous orientation [98]. The exper-
imenter applies tactile stimulation (e.g., strokes from paint-
brushes) to the rubber and real hand synchronously. There
are three classic measures of successful induction of the rub-
ber hand illusion: subjective ownership of the rubber hand;
skin conductance responses to viewing the rubber hand
being harmed; and a proprioceptive drift of the felt position
of the real hand towards the position of the rubber hand. In
a study that used the first two of these measures, Reiners-
mann et al. [41] demonstrated that people with CRPS were
able to experience this illusion normally both when the
affected and unaffected limbs were stimulated. Specifically,
their subjective ownership of the rubber hand and skin con-
ductance responses were not significantly different from
those of people with other types of upper limb pain and
pain-free controls [41]. We can draw two main conclusions
from these findings: people with CRPS can experience an
illusory ownership of an artificial limb and they have intact
multisensory integration.

Successful induction of rubber hand illusion [41] showed
that people with CRPS have the normal ability to perceive an
illusory ownership of an artificial body part, despite their
decreased sense of ownership of their own affected limb
reported in other studies [36, 37]. In Reinersmann et al.’s
[41] study, the strength of the illusion was not significantly
related to the subjective distortion of body representation as
measured by the “neglect-like” symptoms questionnaire
[35], which also includes questions about perceived owner-
ship of the painful limb (although see their analysis of a sub-
group of right-CRPS participants who reported more
distorted perception of their affected limb and weaker owner-
ship of a rubber hand than left-CRPS participants [41]). This
is consistent with the findings that the perceived ownership
of a rubber hand does not necessitate a disownership of one’s
real hand [99]. Because these two phenomena appear to be
independent, people with CRPS could have normal suscepti-
bility to rubber hand illusion [41] and still experience a
decreased sense of ownership of their own affected limb, as
reported in other studies [36, 37].

The second conclusion that can be drawn from Reiners-
mann et al.’s [41] study is that people with CRPS have an
intact ability to integrate visual and tactile information
(because they have normal susceptibility to the rubber hand
illusion). Consistent with this finding, the aforementioned
tool use study by Vittersg et al. [51], showing more pro-
nounced updating of bodily representations, also demon-
strated intact visuotactile integration in participants with
CRPS. These two studies suggest that the multisensory mech-
anisms that contribute to body representation are intact.
Thus, a deficit in multisensory integration per se does not
seem to be a plausible explanation for distorted body repre-
sentation in CRPS. Alternatively, a specific impairment in
integration of proprioceptive information with other sensory
inputs could drive these distortions. People can experience
subjective ownership of a rubber hand without feeling a pro-
prioceptive drift of their real hand towards the artificial limb
[100]. Although the proprioceptive effect of the rubber hand
illusion was not measured in Reinersmann et al.’s [41] study,
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this sensory modality has been investigated in the context of
an artificial finger illusion discussed below.

Reinersmann et al.’s [41] study suggests intact visuotac-
tile integration in people with CRPS by virtue of a normal
rubber hand illusion. On the other hand, a study by Wang
et al. [64] suggests that despite impaired proprioception, they
can integrate tactile and proprioceptive information and nor-
mally experience a multisensory illusion. In their study, peo-
ple with CRPS were less susceptible to an artificial finger
illusion, compared to healthy controls, when only proprio-
ceptive information was available [64]. In the illusion, the
hands are positioned one above the other, aligned vertically
but some distance apart, and obscured from the participant’s
view. The index finger of the bottom hand is placed snugly in
a pipe, and the index finger of the top hand is placed adjacent
to (proprioceptive only condition) or grasping (propriocep-
tive and tactile condition) an artificial finger. Typically, both
of these conditions create an illusion that the hands are closer
together in vertical distance than they are in reality [64].
Regardless of which hand (affected or unaffected) was posi-
tioned on the top or bottom, this effect was not found in peo-
ple with CRPS when they were not grasping the artificial
finger. Interestingly, people with CRPS did experience the
illusion to a similar extent as healthy controls when they
received tactile input (i.e., while grasping the artificial finger).
This study suggests that although proprioception itself might
be altered in CRPS, it can still be integrated with any available
tactile information and result in normal performance on a
multisensory bodily illusion [64]. The findings of Wang
et al. [64] complement those of Reinersmann et al. [41] from
the rubber hand illusion with explicit involvement of propri-
oceptive information and further support the conclusion that
people with CRPS have intact multisensory integration.

3.1.5. Summary of Changes in Body Representation. Across
the current literature, people with CRPS consistently report
symptoms pertaining to altered body representation includ-
ing asomatognosia, distorted perception of the affected parts
of the body, and negative feelings about the affected limb.
These findings arise not only from self-report measures, but
are in agreement with experimental tests of body representa-
tion such as limb laterality recognition [56-60], as well as
limb size matching and limb position matching [44, 49, 50,
52-54]. However, manual estimates of body midline were
not consistently impaired in people with CRPS [38, 55].
Body representation relies on the dynamic integration of
visual, tactile, and proprioceptive information. Broadly
speaking, multisensory integration seems to be intact in peo-
ple with CRPS and thus cannot account for their distorted
body representations. The availability of visual cues can
improve (but not fully normalize) position sense for the
affected limb [52], suggesting that visuoproprioceptive inte-
gration is possible. The effects of tool use, the rubber hand
illusion, and the artificial finger illusion suggest intact visuo-
tactile [41, 51] and tactile-proprioceptive [64] integration.
When whole body movement is concerned [48], auditory-
proprioceptive integration can modify subjective perception
of the body. Thus, it appears that people with CRPS are able
to experience certain body-related multisensory illusions
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[41, 48, 64] and their performance on proprioceptive tasks
improves when congruent input from additional senses is
available [52]. Furthermore, people with CRPS are able to
update the representation of their body [48], but this process
might differ between the affected and nonaffected sides [51].
Greater updating of bodily representations in people with
CRPS compared to pain-free individuals suggests that these
representations might be less stable in CRPS [51].

Deficits in systematically measured aspects of body repre-
sentation mostly appear to arise when people with CRPS
have to rely on proprioception, and additional sensory cues
are either missing (e.g., when positioning the affected limb
with eyes closed [52]) or are incongruent with other senses
or motor commands (e.g., when visual feedback about
the movement is altered [44]). One possible explanation
is that proprioceptive information from the affected limb is
not reliable. Sometimes proprioception is impaired in the
analogous unaffected limb, too [44, 52], which potentially
occurs through central mechanisms since in this case the core
symptoms of CRPS are not present. There is evidence that we
integrate different sensory cues by adaptively making a
weighted linear average based on the reliability of each sen-
sory modality [101, 102]. Therefore, disrupted reliability of
proprioception in people with CRPS could mean that the
weighting of other senses (e.g., vision) is stronger to com-
pensate [102, 103]. Overall, there is consistent evidence that
multisensory integration in CRPS is intact. This mechanism
is known to contribute to building and updating multimodal
body representations [79, 104], and both are governed by
similar parietal networks [104-107]. However, neither mul-
tisensory nor unisensory representations were directly
linked to self-reported body perception disturbance in CRPS
[44, 52] (for exceptions, see [41, 48]). Because multisensory
integration is intact, it cannot explain the distorted body
representation in this population. Therefore, other poten-
tially higher-level mechanisms might contribute to these
distortions.

3.2. Lateralised Spatial Cognition. In addition to the distor-
tions in body representation discussed in the previous sec-
tion, many people with CRPS report symptoms resembling
the hemispatial neglect syndrome (“neglect”) that can follow
a brain lesion. Neglect is an attentional deficit in sensation,
movements, and/or representations of the contralesional
(usually left) side of body and/or space that cannot be
completely attributed to a sensory or motor loss [81]. It most
often occurs following lesions to the right inferior parietal
lobe and temporoparietal junction [108-111], but can also
stem from lesions to other cortical and subcortical areas, such
as the mid superior-temporal gyrus, angular gyrus, basal gan-
glia, and thalamus [112]. Neglect has served as an analogy to
describe some of the neuropsychological symptoms found in
CRPS. Thus, it is important to consider which aspects of
higher cognition are affected in poststroke patients to sys-
tematically characterise related deficits in chronic pain
patients. Table 3 summarises examples of deficits shown by
people with neglect following brain lesions in different per-
ceptual, motor, and representational modalities; egocentric
and allocentric reference frames; and personal, peripersonal,
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TaBLE 3: Poststroke hemispatial neglect symptoms.

Domains Categories Deficits
Difficulty with allocating attention to visual, tactile, or auditory
Perceptual neglect o . . .
stimuli appearing on the contralesional side of space
. Reduced or slowed movements using the contralesional limb that
Modality

Motor neglect cannot be attributed to primary motor deficit; reduced or

slowed movements in/towards the contralesional side of space

Representational neglect Problems imagining or visualising the contralesional side of scenes

Underrepresentation of contralesional side of space in relation to

Egocentric one’s own body/body parts (e.g., subjective estimate of one’s body
midline or straight ahead shifted towards the ipsilesional side)
Reference frame - ) ] ] ) :
Underrepresentation of contralesional side of spatial relationships
Allocentric between external objects separated in space (e.g., bisections of
straight line shifted toward the end corresponding to the ipsilesional side)
Personal Reduced attention to contralesional side of the body
Region of space Peripersonal Reduced attention to contralesional side of the space within one’s reach
Extrapersonal Reduced attention to contralesional side of the space beyond one’s reach

and extrapersonal regions of space (in addition to our use of
“reference frames” when distinguishing between egocentric
and allocentric encoding of space, “reference frames” can also
be used to refer to the distinction between the ways that
information in personal, peripersonal, and extrapersonal
space is encoded and represented; however, to enable a clear
discussion of the overlapping and distinct spatial effects in
egocentric/allocentric representations versus personal/peri-
personal/extrapersonal representations, in this paper, we
reserve the term “reference frames” for the former distinction
and “regions of space” for the latter distinction) (for a com-
prehensive review, see [81]).

Although CRPS is generally not associated with any brain
lesions, the unilateral nature of CRPS means that we could
expect any cognitive deficits to be predominantly associated
with the activity of the hemisphere contralateral to the pain-
ful side. However, thus far the evidence for such lateralised
manifestations of neuropsychological symptoms in CRPS is
not straightforward. In the following sections, we review
research regarding spatially lateralised cognitive functions
in CRPS, with the primary focus on spatial attention. We
aim to discern the discrepancies in the direction of lateralised
spatial deficits in CRPS and the particular conditions under
which they manifest. Finally, we attempt to integrate the
changes in spatial cognition with the evidence of distorted
body representation.

3.2.1. Self-Report and Clinically Assessed “Neglect-Like”
Symptoms. The first published evidence for systematic spatial
biases in CRPS comes from clinical reports [33] and self-
administered surveys [36] reporting motor and cognitive
changes consistent with neglect of the affected limb. Galer
et al. [33] observed “motor neglect” in CRPS, specifically
slower movement initiation (hypokinesia), slower movement
execution (bradykinesia), decreased movement amplitude
(hypometria), and decreased spatial extent of movements
performed with the CRPS-affected hand compared to the
unaffected one. Further signs of motor neglect in CRPS are
patients’ reported need for directed attention to move the

affected limb and the occurrence of involuntary movements.
There are also anecdotal reports of patients who failed to
move the CRPS-affected limbs when they were concealed
from view despite being convinced that they were performing
bilateral arm movements [113]. This phenomenon might be
characterised as motor extinction (a deficit of motor produc-
tion that either worsens or only becomes apparent during
bilateral movements [114]), although the authors did not
report if performance with the affected limb was better when
making unilateral movements under the same conditions.
“Cognitive neglect” as defined by Galer and Jensen [36]
involves feelings of foreignness and lack of ownership over
the affected limb. However, the authors never intended for
the term “neglect” to be taken literally in the context of CRPS,
and we argue that these symptoms more closely resemble
body representation distortion than hemispatial neglect (see
Section 3.1.1). Between 17% and 90% of patients with CRPS
report motor and/or cognitive “neglect-like” symptoms as
defined above [33, 35-40, 42, 62]. Also, the frequency [39]
and severity of these self-reported symptoms appear to be
greater in CRPS than other pain conditions [35]. Thus, based
on this clinical and self-report evidence, it could be argued
that people with CRPS present with neuropsychological def-
icits that resemble hemispatial neglect and related syndromes
of body awareness, such as asomatognosia (loss of owner-
ship) [82] and misoplegia (dislike or hatred of the affected
limb) [84].

3.2.2. Standard Neuropsychological Tests of Neglect. Follow-
ing the self-reports of neuropsychological symptoms resem-
bling neglect, some researchers pursued a more objective
assessment of these deficits in CRPS by administering classic
neurological assessments and pen-and-paper tests that are
typically used with brain-injured patients. During confronta-
tion testing, a standard neurological assessment of neglect,
patients with poststroke hemispatial neglect typically fail to
report seeing or feeling targets presented on the contrale-
sional side, indicating extinction (when the failure is only
during bilateral stimulation) or neglect (when the failure is
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also during unilateral stimulation). Confrontation testing
performed by Cohen et al. [71] revealed that only three out
of the 22 tested people with CRPS presented with tactile
extinction, while Forderreuther et al. [37] did not observe
either neglect or extinction in individuals with CRPS. Five
of Cohen et al’s [71] participants, however, showed tactile
allochiria (i.e., perceiving unilateral touch only in the analo-
gous contralateral location), which has been reported in sev-
eral modalities in hemispatial neglect patients [115-118].

One of the classic bedside tests of hemispatial neglect
involves dividing a straight horizontal line in half [119]. For
example, a patient who has reduced attention to the left side,
relative to the right, would ignore the left end of the line and
place the bisection mark further to its right side. A deviation
from the centre is thus indicative of spatial attention bias. In
CRPS, there are only single case studies reporting deviations
in classic line bisection performance: one away from the
affected (right) side of space [65] and one towards the
affected (left) side of space [53, 54]. Interestingly, Christophe
et al. [53] describe that the patient in their study showed a
bias towards the affected side when line bisection was per-
formed with either the healthy or affected hand and the line
was positioned at body midline. However, positioning the
to-be-bisected line in the affected side of space abolished
the bias. These single case reports point towards impaired
perception of spatial relationships between external objects
(allocentric frame of reference) located within reaching dis-
tance (i.e., in peripersonal space) [81]. Although the direction
of the bias relative to the affected side is inconsistent between
the two cases [53, 54, 65], both patients presented with a left-
ward bias. This appears to be consistent with a third type of
abnormal bisection performance that has been reported for
people with CRPS, which was found in robot-assisted line
bisections performed with the healthy limb [66]. In this
group study, independent of the CRPS-affected side of the
body, participants’ bisections consistently deviated towards
the left relative to those of the pain-free controls. These
findings resemble an exaggeration of “pseudoneglect.” That
is, healthy controls show the consistent leftward deviation
on some spatial tasks, which is interpreted as an effect of
right-hemisphere dominance in spatial perception [120-
122]. Finally, several group studies of people with CRPS have
reported no signs of line bisection bias relative to healthy con-
trols [37, 38, 40, 55, 58] when the task was performed with
either the affected or unaffected hand. No lateralised impair-
ment was found on other classic bedside tests of neglect, for
example, clock drawing, clock reading, rod orientation, Kohs
blocks, or block tapping [38].

Opverall, the performance of people with CRPS on con-
frontation testing and standard neuropsychological tests
does not provide sufficient support for the hypothesis that
CRPS involves neglect of the affected limb or side of space.
Some findings even suggest the opposite direction of spatial
bias or exaggerated “pseudoneglect.” The inconsistence
between the normal performance of people with CRPS on
classic bedside tests of neglect in most studies, despite the
high percentage of self-reported “neglect-like” symptoms in
large sample studies (e.g. [35, 36, 39, 42]), might stem from
the differences between what these two types of measures
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entail. That is, the questionnaire about “neglect-like” symp-
toms measures asomatognosia and motor aspect of neglect,
whereas classic bedside tests of neglect primarily measure
its perceptual aspect (although they usually require motor
responses, too). Another possibility is that classic neglect
tests are not sufficiently sensitive to reveal the subtle neu-
ropsychological changes in CRPS, given that classic pen-
and-paper tests of neglect were developed to test people
who suffered brain lesions, and neuropsychological changes
in CRPS are likely to develop because of less overt structural
and/or functional changes.

3.2.3. Sensitive Measures of Lateralised Cognitive Functions.
Inconsistent findings regarding the spatial bias in people with
CRPS led some researchers to measure lateralised spatial cog-
nition using methods that are more sensitive. Substantial
research on lateralised spatial deficits in brain-lesioned
patients and healthy controls has revealed that better preci-
sion and sensitivity of assessment can be achieved through
experimental manipulation of the properties of the stimuli
used to measure attention, spatial representations, and motor
control and by altering the conditions under which these
tasks are performed. We present the evidence available from
several sensitive measures of lateralised changes: the subjec-
tive body midline task, temporal order judgements, mental
number line bisection, and tests of spatially defined motor
control. Through these tasks, researchers have found evi-
dence for biases in people with CRPS in the following
domains of spatial cognition: the egocentric frame of refer-
ence, tactile spatial attention in personal space, visual spatial
attention in personal and peripersonal space, the internal
representation of space, and spatially defined motor control.

(1) Subjective Body Midline. In the visual subjective body
midline judgement task (or “visual straight ahead”), partici-
pants verbally indicate when a light moving horizontally
from one side of extrapersonal space to the other crosses
the point that is directly in front of the middle of their body.
When performed in the dark, with no other visual cues avail-
able, the task is thought to measure any lateral shift of the
egocentric frame of reference, defined as the coding of the
location of external objects in relation to one’s own body
midline [68, 123, 124]. Multiple studies reported a deviation
of subjective body midline towards the affected side of space
in people with CRPS compared to healthy and pain controls
when judged in a darkened room (median deviation from
objective midline ranging from 0.59° to 5.13° [53, 54, 67-69]).
The people with CRPS showed no bias in body midline under
illuminated conditions, when it is possible to make use of the
allocentric frame of reference (external cues). This suggests that
if people with CRPS have a distorted subjective body midline, it
affects only the representation of external space in relation to
their own body. Christophe et al. [53] also demonstrated a
distance-based dissociation in one patient who showed a signif-
icant deviation towards the affected side when stimuli were pre-
sented at two-meter distance from the trunk (similar to other
studies cited in this section) but not at one meter. The spatial
bias of egocentric frame of reference towards the affected side
is consistent with an overrepresentation of the affected relative
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to unaffected side of space. In contrast to the above findings,
Reinersmann et al. [40] found that their participants with
CRPS made subjective body midline judgements that were
biased further towards the left than healthy and pain controls
(0.7° vs. 0.1° and 0.09°), irrespective of which side of the body
was affected. This pattern can be interpreted as exaggerated
“pseudoneglect,” consistent with the previously discussed find-
ings from the robotic line bisection study by Verfaille et al. [66],
and could be due to disruption of right hemisphere cortical net-
works involved in spatial processing. Visual straight ahead
biases, both towards the affected side and towards the left side,
suggest that people with CRPS can have problems with com-
bining external visual information with their subjective body
midline. Yet other authors demonstrated that people with
CRPS showed no bias when judging their body midline using
the visual straight ahead task [42, 55]. Thus, it appears that
any shifts of egocentric frame of reference are subject to high
individual variability, because these effects do not always
replicate.

(2) Temporal Order Judgement. According to the law of prior
entry, attended stimuli are perceived before unattended ones
[125, 126]. This principle forms the basis of temporal order
judgement (TOJ) tasks. In TOJ procedures, the participant
is presented with pairs of identical stimuli, one on each side
of space, with different onsets. They report the temporal
order of the two stimuli, that is, which occurred first/second.
The pattern of left-right responses across different stimulus
onsets indicates whether participant’s attention is shifted
towards one side of space relative to the other. The TOJ task
is a sensitive measure of lateralised spatial attention, that is,
the distribution of covert attention in one side of space rela-
tive to the other.

On tactile TOJ tasks, people with CRPS exhibited
reduced attention to tactile stimulation applied to the
affected limb (i.e., touch on the affected limb had to occur
~17-27 ms before touch on the unaffected limb for the two
stimuli to be perceived as simultaneous [58, 72, 73]; however,
Filbrich et al. [74] failed to replicate this effect). When the
limbs were crossed, their performance indicated inattention
to the unaffected hand, now located in the affected side of
space (touch had to occur ~18 ms earlier than on the affected
hand in the unaffected side of space [73]). CRPS participants
exhibited the same pattern of attention bias both with and
without visual feedback about the limbs’ position [72]. Tac-
tile stimulation inherently involves body-relevant informa-
tion; thus, it would seem that the tactile TOJs should rely
on a personal frame of reference. However, it appears that
those judgements at the same time rely on the current loca-
tion of the body parts in peripersonal space.

The tactile attention bias away from the affected side also
extends to TOJs about visual stimuli presented near [74] or
on the surface of the patients’ hands and on a blank board
in near space [45] (with magnitude of ~14-25ms). In
accord with Moseley et al. [73], the authors concluded that
visual attention bias in CRPS is space-based, because it was
observed regardless of the involvement of the body. How-
ever, Bultitude et al. [45] also found no lateral shift of visual
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attention when the limbs were crossed such that the
affected limb was located in the unaffected side of space.
This suggests that people with CRPS had a deviation in
attention both away from the affected side and from the
affected limb (regardless of where it was located), which
cancelled each other out when the limbs onto which the
visual stimuli were presented were crossed.

Despite evidence for spatial attention bias from TOJs,
these deficits do not seem to affect all aspects of visual spatial
attention in CRPS. Filippopulos et al. [75] argued that atten-
tion deficits in CRPS do not involve allocation of visual atten-
tion, as they failed to find any delay of orienting saccades to
cued and noncued visual targets presented in either hemi-
field. Similarly, no spatial bias away from the affected side
of space was found on a computerised task measuring simple
reaction times to visual stimuli [38]. The contrasting results
on the TO]J tasks and these other computerised tasks might
be because of the different regions of space involved, since
computer monitors are invariably placed within the partici-
pant’s extrapersonal space (e.g., at a distance of 60 cm) rather
than personal or peripersonal space.

In summary, the results on sensitive tests of spatial cogni-
tion in people with CRPS tend to indicate that judgements of
their subjective body midline are biased towards the affected
side, that is, in the direction opposite to what would be
expected based on their self-reported “neglect” of the affected
limb. Yet, TOJs of tactile and visual stimuli tend to be system-
atically biased away from the affected side of space, and prob-
lems with attention allocation [67] cannot explain this bias.
Given that both visual and tactile TO]Js were affected [45,
58, 72, 73], attention biases in CRPS might be supramodal.
On the other hand, when the same individuals were tested
on TOJs in multiple modalities, one study found that they
only presented with visual but not tactile biases [74] and
another study found that they only presented with tactile
but not auditory biases [58]. Similar dissociations between
sensory modalities can also be found in neglect after brain
injury [127].

(3) Mental Number Line Bisection. Analogous to the conven-
tional line bisection task that involves the allocentric frame of
reference, the mental number line bisection task is thought to
involve the “bisection” of the internal representation of
space. It is considered to be an implicit measure of mental
spatial representations [128] and is independent of motor
abilities. In mental number line bisection, participants ver-
bally indicate, without calculating, the number that is half-
way between a given pair of numbers. Because the number
line is internally represented from left to right [129-131], a
bias towards the higher numbers would be equivalent to a
rightward spatial bias, as has been demonstrated in hemispa-
tial neglect [128, 132-134]. Midpoint number judgements in
CRPS were found to deviate away from the affected side com-
pared to healthy controls [67]. The opposite direction of such
a bias was observed in a single case of CRPS of the left limb
[53, 54], who also presented with a consistent leftward bias
on a range of other spatial tasks. Despite this exception, the
group study suggests that inattention to the affected side of
personal and peripersonal space exhibited by people with
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CRPS also affects the internal representation of space. In con-
trast to personal and peripersonal space, mental number line
bisection does not rely on bodily information about the
affected limb and its position in external space or the visual
representation of the affected side of space. Therefore, biased
mental number line bisection suggests a generalized distor-
tion of spatial representations in CRPS, which could poten-
tially occur via shared higher-order mechanisms.

(4) Spatially Defined Motor Control. Following the early clin-
ical and self-reports of motor “neglect-like” symptoms [33,
36], several studies also tested for spatially lateralised deficits
in movements using sensitive experimental measures. Con-
trary to the motor neglect hypothesis, people with CRPS
did not show any signs of neglect or extinction on behav-
ioural motor tasks such as finger tapping when performed
with one or both hands, in normal posture or with the hands
crossed such that the affected limb was located in the unaf-
fected side of space and vice versa, or with or without visual
feedback [53, 55]. Similarly, there was no asymmetry (i.e.,
extinction) in hand movement patterns while performing a
bimanual circle drawing task measuring motor accuracy
[55]. The performance of people with CRPS on both the tap-
ping and circle drawing tasks did not differ from healthy con-
trols. Another study with a larger sample size (13 vs. 7) and a
slightly different measure of finger tapping found worse
motor accuracy and coordination on circle drawing and but-
ton pressing tasks when using the affected limb compared
to the unaffected limb, regardless of the side of space in
which patients performed the tasks. Importantly, the people
with CRPS also showed similar deficits when the tasks were
performed on the affected compared to unaffected side of
space with the unaffected hand [76]. Thus, there appear
to be spatially defined motor deficits in CRPS (that is, def-
icits modulated by where the movements are performed
relative to body midline). It is not possible to ascertain
whether the asymmetries between the affected and unaffected
limbs and sides of space reported in people with CRPS were
greater than normal, because there was no control sample
[76]. Nonetheless, the findings of this study are consistent
with self-reported “neglect-like” symptoms, which primarily
entail movement difficulties [33, 36]. However, another per-
spective that we will now outline is that motor deficits in
CRPS arise from decreased use of the affected limb rather
than attention bias [3].

Punt et al. [3] proposed a learning-based account for
motor deficits in CRPS framed as nonuse of the affected limb.
Learned nonuse manifests as motor difficulties greater than
expected based on actual physical constraints or as a differ-
ence between what the patients do spontaneously and what
they are able to do in clinical examination. This could explain
why motor “neglect-like” symptoms are reported by the peo-
ple with CRPS but not necessarily apparent upon experimen-
tal testing [55]. After a stroke, learned nonuse develops
through operant conditioning and can affect the entire con-
tralesional side of the body. Punt et al. [3] argued that in
CRPS learned nonuse is normally limb-specific rather than
involving the entirety of one hemibody and could manifest
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in protective behaviours (e.g., guarding and holding an
affected hand close to the chest). However, despite these dif-
ferences in the manifestation of learned nonuse in CRPS
compared to stroke, its progression is thought to follow a
similar pathway [3]. Limb trauma is followed by enforced
immobility, leading to poor coordination and dexterity,
which result in less frequent attempts to move. Movement
is additionally suppressed by pain and fear avoidance behav-
iours [135]. At the same time, compensatory movements of
the unaffected limb are developed and reinforced. These
changes can alter cognitive and cortical representation of
the CRPS-affected limb [3]. For instance, primary somato-
sensory and motor cortical representations of the affected
hand were found to be smaller (compared to the unaffected
hand and to representations of healthy controls) [85, 86,
136-141], consistent with underutilization, while the sensory
map of the unaffected hand was found to be enlarged [142],
consistent with compensatory use (although these findings
have recently been disputed [143]).

In contrast to the framework of motor neglect that attri-
butes spatially defined motor impairments to attentional def-
icits, the proposal of Punt et al. [3] explains motor control
deficits using a learning-based theoretical account. In an
attempt to dissociate these two possible explanations of
visuomotor deficits in CRPS, Verfaille et al. [66] analysed
goal-directed movements of the unaffected limb to bisect
horizontal lines in both sides of space. Contrary to the neglect
framework, the bisections of participants with CRPS did not
show a bias in relation to the affected side nor depending on
in which side of space the bisections occurred. Nonetheless,
they showed a significant leftward bias, consistent with exag-
gerated “pseudoneglect.” This finding opposes the learned
nonuse account, because the participants performed the
bisections with the unaffected limbs. To disentangle the
account of motor neglect, future research could investigate
if there are any signs of directional hypokinesia or bradyki-
nesia in CRPS. If people with CRPS show performance
asymmetries analogous to that of patients with hemispatial
neglect after brain injury, they should have slower initiation
or execution of movements directed towards the affected
side of space compared to movements directed towards
the unaffected side of space, even when the unaffected hand
is used. All movements in Verfaille et al’s [66] study were
directed towards the CRPS-affected side of space, and thus,
it was not possible for their study to discern directional
“neglect-like” motor changes. Nonetheless, even based on
the evidence available thus far, attention-based and learning-
based explanations are not mutually exclusive and some
changes in motor control in CRPS could arise from a combi-
nation of both.

Although Punt et al. [3] sought to separate perceptual
and motor aspects of neglect, we propose that their learned
nonuse hypothesis can also provide a basis for explaining
how perceptual spatial biases could arise in CRPS. Previous
studies involving amputees and healthy participants with
limb immobilization provide evidence in favour of action-
driven spatial representations (see also [144]). Specifically,
upper limb amputees were found to “neglect” the side of near
(but not far) space corresponding to their missing arm [145],
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and in healthy participants, experimental cast immobiliza-
tion of one arm led to shrinkage of its peripersonal space
[146]. These findings suggest that lack of limb action can
change the representation of space surrounding that limb.
Because of decreased mobility of the affected limb, people
with CRPS perform fewer movements in the affected side of
near space. We hypothesise that this could give rise to
changes in the cognitive representation of space. Underrep-
resentation of the CRPS-affected side of space could poten-
tially hinder the ability to perform motor tasks on that side,
in line with spatially defined deficits in motor accuracy and
coordination found in people with CRPS [76]. It could also
contribute to reduced attention to that side of space demon-
strated in TOJ studies [45, 58, 72-74].

3.2.4. Summary of Changes in Lateralised Spatial Cognition
and Potential Mechanisms. Overall, research suggests that
people with CRPS might present with neuropsychological
deficits resembling hemispatial neglect that can follow a
stroke. However, the evidence is not consistent. Researchers
have rarely found lateralised spatial biases using standard
bedside measures of neglect or using sensitive measures such
as saccades and reaction times to visual targets, auditory
TOJs, and some experimental measures of motor perfor-
mance. Other sensitive tests of perceptual (visual or tactile
TOJs) and representational (mental representation of space)
changes have revealed lateralised deficits in spatial cognition
consistent with a bias away from the CRPS-affected side of
the body and/or space. Additionally, other findings from
visual subjective midline judgements point to a shift of ego-
centric frame of reference towards the affected side in CRPS,
thus in the direction opposite to what would be expected for
neglect of the affected side. The opposing biases away from
the affected side of space in TOJ tasks and towards the
affected side in visual subjective body midline cannot be
explained by the different modalities that are tested in these
tasks, because TOJs were biased in the visual domain. We
consider two possible explanations for these opposing biases:
the dissociation between near and far regions of space and
the distinct functional aspects of peripersonal space (defen-
sive and goal-directed).

(1) Near Space versus Far Space. The different regions of
space in which participants perform the TOJs and subjective
body midline judgements could potentially account for the
inconsistent biases shown by people with CRPS on these
tasks. The studies using visual subjective body midline judge-
ments in CRPS presented stimuli in far/extrapersonal space
(generally two meters away from the trunk). The studies
using TOJs, on the other hand, presented stimuli in either
personal space (e.g., tactile TOJ, visual TOJ when stimuli
are presented on body surface) or near/peripersonal space
(e.g., visual TOJ when stimuli are presented on a blank board
within arms’ reach or immediately next to the hands). Like
perceptual TOJs, the internal representation of space (as
measured through mental number line bisections) is also
biased away from the affected side. Dissociations between
distinct regions of space have been found in some poststroke
hemispatial neglect patients, where attention deficits mani-
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fested either exclusively in their personal space [147], near/-
peripersonal space [148], far/extrapersonal space [149, 150],
or internal representation of space [132, 151]. Although rare,
there are reports of individual patients with poststroke
neglect [152-155] who show opposite directions of bias on
different tasks, as also reported in Sumitani et al.’s [67] CRPS
study (opposing biases in subjective body midline and mental
number line bisection).

(2) Defensive versus Goal-Directed Space. In the above state-
ment, we have suggested a possible explanation for the incon-
sistent biases shown by people with CRPS on TO]J and visual
straight ahead tasks based on known cortical dissociations
between the representation of near and far space identified
through research on brain-lesioned patients. However, given
that people with CRPS typically do not have any history of
brain damage, it could be more meaningful to consider
potential cognitive mechanisms that might better account
for the different results on this task. Peripersonal space is
thought to dissociate into two representations according to
distinct functions: for preparing defensive responses (defen-
sive peripersonal space) and for preparing actions (goal-
directed peripersonal space) [156]. Furthermore, Bufacchi
and Iannetti [157] argue that peripersonal space cannot be
defined in terms of fixed boundaries around the body (or
body part), but its extent is rather graded and dynamically
changing according to the action being performed and the
proximity or valence of external information. Thus, we spec-
ulate that different dynamic changes to goal-directed and
defensive peripersonal space specific to the affected extremity
[158] might explain the contrasting biases that have been
reported in people with CRPS at different distances from
the body. Reduced activity of the affected limb [3], resulting
in fewer interactions with the affected side of goal-directed
peripersonal space, could reduce visuospatial processing near
the body in the affected compared to unaffected side. For
example, Makin et al. [145] found that visuospatial process-
ing of amputees favoured their intact side when stimuli were
presented at a distance of 50 cm. The biased TO]Js in people
with CRPS were observed within the same distance (see also
[158] for a review of how peripersonal space is shaped by
action and integration of multisensory information from
the body and the environment). In contrast, it has been
shown in healthy participants that approaching, threatening
stimuli can extend peripersonal space in such a way that is
sensitive to the trajectory of the threat [159, 160]. No studies
have measured the dimensions of the affected side of defen-
sive peripersonal space in CRPS. However, we suggest that
it could be enlarged due to heightened hypervigilance to
threat, as has been reported for the representation corre-
sponding to the affected area in trigeminal neuralgia [161].
This could explain why people with CRPS showed greater
tool use-dependent updating of peripersonal space than con-
trols [51], which could indicate that their spatial representa-
tions are less stable. It is conceivable that such a heighted
defensive awareness to stimuli that are potentially threaten-
ing to the CRPS-affected limb (due to allodynia and hyperal-
gesia) could drive a bias towards the affected side in
extrapersonal space. This might particularly be the case for
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dynamically moving stimuli such as those used in the visual
subjective midline task. This speculation should, however,
consider that the visual subjective body midline in CRPS
has typically been assessed at two-meter distance from the
trunk, which is beyond the extent of peripersonal space nor-
mally reported in healthy participants (80-90cm [162]).
Body midline judgements made at one meter were not biased
in a case of CRPS [53], similar to a group study that reported
no bias on visual TOJs for stimuli presented 90 cm from the
trunk [74]. However, thus far, no studies have mapped the
extent of defensive peripersonal space in people with CRPS
in the context of threatening and/or dynamically
approaching stimuli (note that the TOJ stimuli appeared in
a fixed distance from the participant’s body). Spatial repre-
sentations can be dynamically changing depending on the
conditions and the meaning of the testing stimuli. Therefore,
an enlarged defensive yet diminished goal-directed periper-
sonal space representation of the affected side could still
account for the seemingly contradictory findings of attention
bias in CRPS.

On balance, the discussed findings suggest that CRPS is
associated with contrasting alterations in spatial attention,
representations of space, and spatially defined motor con-
trol. The neuropsychological changes in these domains are
observed in different modalities (visual and tactile) and dif-
ferent regions of space (personal, peripersonal, extraperso-
nal, and representational). The existing evidence cannot
fully account for the conflicting directions of the spatial
biases that have been reported (towards or away from the
CRPS-affected side). Hypothetically, some of the contrasting
patterns of performance in the spatial tasks could be
explained by hypervigilance to approaching stimuli within
the affected side of extrapersonal or defensive peripersonal
space, simultaneous to “neglect” of the affected side of per-
sonal and goal-directed peripersonal space stemming from
learned nonuse.

3.2.5. Overlap of Body Perception Distortion and “Neglect-
Like” Symptoms. Thus far, we separately reviewed evidence
for body perception disturbances and deficits in lateralised
spatial cognition in CRPS. However, these two cognitive
functions are inherently linked (e.g., spatial representations
are anchored in the represented location of the body [158,
163]), and neuropsychological changes in them often present
simultaneously [45, 58]. Somatosensory, motor, and body
representation distortions are largely confined to the CRPS-
affected limb (although bilateral and hemisensory deficits
have also been reported, e.g., [23, 26, 52, 164]); thus, they
can be considered primarily lateralised. This is comparable
to the changes in spatial cognition discussed so far, which
most often take the CRPS-affected side as a point of refer-
ence. Whether problems with body representation and atten-
tional orienting are truly dissociable in CRPS remains
uncertain. For instance, Reid et al. [58] suggested that inter-
actions between spatial attention and processing of body-
relevant information (e.g., seeing the limbs) might exacerbate
usually subtle lateralised spatial changes by evoking distorted
body representation.
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(1) The “Somatospatial Inattention” Hypothesis. Some spatial
biases might only manifest when the body is directly involved
in the task at hand, demonstrating an overlap of the cognitive
changes in body representation and spatial attention. When
directly investigating these interactions, Reid et al. [58] found
a deviation away from the affected side in people with CRPS
when line bisections were performed on the surface of their
hands but not when performed on paper. This perceptual
bias was space-dependent, because it was present not only
on the affected limb but also on the healthy limb when placed
in the affected side of space. Participants with CRPS exhibited
a similar deviation away from the affected side when they
bisected the length of their affected hand and forearm [58].
Interaction between spatial bias and body representation
was also demonstrated by difficulties with recognising the
laterality of body parts specifically when they were presented
in the affected hemifield [58]. Based on this evidence, and the
previously found attention bias away from the affected side
on tactile TOJs, Reid et al. [58] proposed that the disruption
of spatial processing in CRPS specifically involves problems
with integrating spatial information with body representa-
tion, a phenomenon they called “somatospatial inattention.”
This hypothesis was partially supported by Filbrich et al. [74],
who found a significant attention bias in visual TOJs only
when patients’ hands were positioned close to the visual stim-
uli in near space, but not when the hands were out of sight,
close to the trunk. Deviated visual subjective body midline in
CRPS [67-70] is also somewhat in agreement with this
hypothesis, since this measure requires integrating body mid-
line with the external visuospatial reference frame. However,
in this case the performance of people with CRPS is consistent
with overrepresentation of the affected side rather than inat-
tention. Furthermore, the proposed “somatospatial inatten-
tion” does not fully account for all spatial attention biases
found in CRPS, because significant deviation away from the
affected side was also observed in visual TOJs for stimuli that
did not involve and were not near to any body parts [45].

(2) Proposed Mechanisms of Interactions between Bodily and
Spatial Representations. We suggest that there are two hypo-
thetical mechanisms through which body representation dis-
turbances might drive attentional biases even when body
parts are not directly involved in the spatial tasks: reduced
ownership and increased perceived size of the CRPS-
affected limb. More generally, body representation forms
the basis for spatial cognition [158, 165]. In CRPS, reduced
awareness and ownership of the painful limb could contrib-
ute to inattention to the affected side. For example, the sever-
ity of body perception disturbance was found to predict the
magnitude of spatial attention bias away from the affected
side in people with CRPS [45]. Furthermore, a perceived
increased size of the affected extremity [49] could conversely
drive hyperattention to that side.

Peripheral CRPS symptoms in the affected limb might
offer an additional explanation of how body-related distur-
bances could drive attentional biases. First, it has been sug-
gested that the bias in visual subjective body midline
judgements towards the CRPS-affected side is due to an
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exaggerated somatosensory input from the painful limb [68,
166]. Second, CRPS signs can manifest as a combination of
sensory gain (e.g., pain and hyperalgesia) and sensory loss
(e.g., hypoesthesia) [167]. Thus, suppression of some types
of somatosensory input could potentially explain tactile inat-
tention to the affected limb (e.g., on TOJ tasks when the
hands are uncrossed). Third, mechanical constraints related
to motor symptoms of CRPS can trigger underutilization of
the affected limb [3]. As we argued in Section (4) Spa-
tially Defined Motor Control, such underutilization could
lead to space-based inattention, because fewer movements
performed in the affected side of space would drive asymme-
tries in spatial representations. Although these peripheral
somatosensory and motor abnormalities are not equivalent
to distorted body representation, this representation is gener-
ated and continuously updated based on multimodal sensory
input and motor feedback during action [79, 80, 158, 165].
Therefore, the peripheral (somatosensory and motor) and
central (body representation) mechanisms could serve as
complementary explanations of how body-related informa-
tion could exacerbate spatial biases, even when that informa-
tion is not directly relevant to the task. Nonetheless, direct
empirical evidence for how body representation, somatosen-
sory, and motor disturbances might shape spatial processing
in CRPS is limited, and it remains unclear why the attention
bias is sometimes found to be shifted away and sometimes
towards the CRPS-affected side.

In conclusion, people with CRPS show several changes to
lateralised spatial cognition. These share many similarities
with hemispatial neglect, yet there are also several differ-
ences. Although the abovementioned aspects of body repre-
sentation disturbance might relate to lateralised attention
deficits, they should not be treated synonymously (i.e., as
“neglect-like” symptoms). A distinction between the two
concepts can help to avoid theoretical, terminological, and
mechanistic confusion in research.

3.3. Non-Spatially-Lateralised Cognition. In addition to
changes in body representation and lateralised spatial cogni-
tion reviewed thus far, people with CRPS can also present
with cognitive deficits that are not lateralised with respect
to the affected side of the body or space. In this section, we
discuss non-lateralised cognitive processes that comprise
aspects of both spatial and nonspatial cognition. Examples
of potentially affected aspects of non-spatially-lateralised
spatial cognition include spatial orientation, memory for spa-
tial locations, visuospatial exploration and coordination,
constructional abilities, and knowledge about the orientation
and order of objects, letters, or numbers. Examples of poten-
tially affected aspects of non-spatially-lateralised nonspatial
cognition include numerical and language processing, recog-
nition of objects and faces, imitating complex movements,
generalised attention, working memory, and executive func-
tion. Broadly speaking, these can be broken into cognitive
functions that have been associated with the parietal lobe
and executive functions, memory, and language.

3.3.1. Parietal Functions. Comprehensive standard neuro-
psychological assessments of people with CRPS revealed
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no systematic abnormalities in spatial orientation, visual
exploration, constructional abilities, spatial memory, or
visuospatial coordination on a group level, compared to
healthy and pain controls [38]. However, Cohen et al. [71]
assembled a custom battery of standard neuropsychological
tests to assess functions specifically associated with the pari-
etal lobe. They found that 68% of their tested participants
with CRPS showed one or more deficit in the ability to recog-
nise objects by touch (astereognosia), identify the fingers of
the hand (finger agnosia; see also [37, 77]), identify numbers
outlined on the surface of the hand (dysgraphaesthesia),
draw objects (constructional apraxia), comprehend arith-
metic (dyscalculia), write (dysgraphia), repeat speech (con-
ductional dysphasia), differentiate between the left and the
right side of the body, and/or imitate gestures or tool use
(ideomotor apraxia). Deficits like these all typically occur
after parietal lobe lesions [168]. However, the assessed indi-
viduals with CRPS had never sustained brain injury that
could account for these deficits (confirmed by normal MRI
scans in 12 out of 22 patients) and had not had any cognitive
difficulties prior to the onset of CRPS symptoms (corrobo-
rated by their families). None of the healthy control partici-
pants tested on a shortened version of the same battery
presented with any neuropsychological deficits, suggesting
that these symptoms could be due to CRPS-related functional
cortical reorganization of the parietal networks. Although
tested on both upper limbs, the abnormalities on the manual
and tactile/haptic tests were only present on the affected side
of the body of participants with CRPS. This means that some
of the observed deficits could be attributed to peripheral sen-
sory loss or motor impairment. However, 27% of patients
with lower limb CRPS also presented with behavioural defi-
cits despite being tested on their unaffected upper limbs
[71]. Therefore, it is likely that at least some of the reported
changes are due to cortical reorganization that is driven by
parietal changes.

There are also reports from this and other studies of
individual people with CRPS who presented with more
unusual and severe non-spatially-lateralised deficits. Cohen
et al. [71] reported cases of horizontal inversion of individ-
ual letters and words, and inverted ordering of letters or
numbers, in spontaneous writing (resembling a form of
dysgraphia [169]), although people with CRPS did not
show any impairment of letter orientation recognition in
a different study [58]. These deficits were apparent when
patients used their affected limb and in one patient bilater-
ally. Robinson et al. [65] also presented a case of a right
upper limb CRPS patient with no history of brain injury
who exhibited mirror reversal in writing single words with
his unaffected hand and in reading single letters. Mirror
writing is rare, but can follow various focal lesions to the
left hemisphere [170, 171]: the hemisphere contralateral to
this patient’s CRPS-affected hand. The same patient also
presented with severely impaired face perception (i.e., pro-
sopagnosia, a neuropsychological symptom that can occur
following a lesion to fusiform gyrus on the ventral surface
of the temporal lobe [172]) that had not been present prior
to the development of CRPS. Despite being able to visually
recognise and name objects, the patient failed to recognise
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if objects were in the upright orientation and he copied
objects into inverted orientations. Orientation agnosia is
most commonly found in patients with lesions to the pos-
terior parietal cortex [173-175].

The studies directly assessing parietal lobe function in
CRPS thus far have had relatively small sample sizes and usu-
ally lack pain or age-matched control groups (although
unspecified control samples were tested on most of the tasks
in Cohen et al.’s study [71]). Therefore, it is difficult to esti-
mate the real prevalence of the symptoms discussed above
in CRPS. An exception is a study by Kolb et al. [38], who
tested for several neuropsychological symptoms linked to
parietal function. In this study, people with CRPS on average
did not present with any abnormalities that would be consis-
tent with parietal dysfunction. However, the authors did not
report individual cases and for some measures did not specify
which hand was tested (for instance, Cohen et al’s [71]
patients were not impaired when using their unaffected
hand). We cannot argue that the neuropsychological changes
discussed in this section are common in CRPS population,
because they were observed only in a proportion of patients
or in single cases (see Table 2). Nevertheless, reports of defi-
cits in CRPS that are typical of patients with temporal and
parietal lesions suggest a disruption of visuospatial functions
that could be due to functional cortical reorganization in
these areas.

3.3.2. Executive Functions, Memory, and Language. Although
there is evidence for biased spatial attention in people with
CRPS, not all aspects of attention appear to be affected in this
population. Specifically, no differences between people with
CRPS, healthy controls, and pain controls were found on
measures of alertness (response readiness) and working
memory [62]. People with CRPS did, however, have poor
temporal acuity when making spatial judgements. Specifi-
cally, in a visual TO]J task, they needed larger intervals
between the two stimuli to reliably indicate their order of pre-
sentation [45]. In another, large sample study (N = 137), 42%
of people with CRPS presented with mild dysexecutive syn-
drome (relative to age- and education-matched normative
data), including impaired performance on working memory
and verbal fluency tests [78]. Twenty-three percent of people
with CRPS showed global cognitive processing impairments.
Besides executive deficits, they also demonstrated impaired
naming and declarative memory [78]. Executive, naming,
and memory deficits are consistent with pathology of the
frontal lobes. Together with the deficits in general (non-later-
alised) spatial cognition, problems with language processing
also suggest changes to parietal function in CRPS.

3.3.3. Summary of Non-Spatially-Lateralised Cognitive
Changes. In summary, people with CRPS can present with
non-spatially-lateralised deficits in higher cognition that
resemble impairments found in neurological conditions
other than hemispatial neglect. Findings from standard neu-
ropsychological test batteries are still mixed; however, some
individuals with CRPS present with neuropsychological
symptoms like those shown by patients with lesions to the
parietal lobe (e.g., astereognosia, finger agnosia, or construc-
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tional apraxia) and/or temporal lobe (e.g., mirror reversal of
writing, object orientation agnosia, or prosopagnosia). These
unusual symptoms appear to affect only a subset of people
with CRPS, yet they demonstrate that changes in visuospatial
functions are not limited to lateralised spatial processing
biases. Furthermore, people with CRPS can also present with
features of dysexecutive syndrome and some language pro-
cessing difficulties that are typical of frontal and parietal lobe
pathology. Hemispatial neglect most often occurs after a
lesion to temporoparietal regions of the right hemisphere
[108], which would be expected to disrupt other neuropsy-
chological functions that depend on these networks. Thus,
non-spatially-lateralised deficits can also cooccur with
neglect. Such changes include impaired sustained attention,
impaired selective attention, a tendency to favour local fea-
tures over global configurations, and deficits in spatial work-
ing memory [112] (for reviews, see [176, 177]). In addition,
these symptoms are not diagnostic features of neglect. This
combined evidence suggests that the neglect framework is
useful but not sufficient for characterising the breadth of neu-
ropsychological changes in CRPS. Instead, the disruption of
parietal function and/or cortical networks involving the pari-
etal lobe appears to be a better candidate.

Although there is no direct neuroimaging evidence link-
ing parietal cortex to cognitive deficits in CRPS, several stud-
ies on sensory and motor function reported altered patterns
of activation in parietal regions. For instance, tactile stimula-
tion of the fingers of both hands resulted in weaker superior
[77] and inferior parietal lobe evoked responses [140] in
people with CRPS compared to healthy controls. Further-
more, relative to healthy people, individuals with CRPS
showed greater activation of the inferior parietal lobe during
movement (relative to rest) of the affected compared to
unaffected hand [178] and when they were observing hand
movements (relative static hands) [179]. Finally, another
study reported reduced grey matter volume in the inferior
parietal lobe in early-stage (less than 10 months) CRPS,
compared to healthy controls [30]. These parietal regions
have been linked to the perception of space and limb location
in other studies [180, 181], which supports the conclusion that
functional and/or structural reorganization of parietal net-
works might be associated with neuropsychological symptoms
in CRPS. However, further studies are necessary to test this
hypothesis and identify the neural underpinnings of these cog-
nitive changes.

4. Clinical Relevance of Neuropsychological
Changes in CRPS

In the following sections, we will discuss the clinical signifi-
cance of aberrant changes in higher cognitive functions in
CRPS. Their interactions and relationships with clinical signs
of the disorder reflect the role of the neuropsychological
changes in the manifestation of CRPS. They can also inform
the treatment approaches targeting these higher cognitive
changes to improve the clinical outcomes.

4.1. Supraspinal Modulation of Sensory, Motor, and
Autonomic Functions. Although this review primarily focuses
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TaBLE 4: Evidence of modulation of low-level sensory and autonomic functions in CRPS by spatial or multisensory manipulations.

Function Manipulation

Affected low-level sensory/autonomic/motor

Study details®

function in people with CRPS*

Visual perception

Auditory
perception

Sensory-motor
integration

Tactile perception

Viewing ambiguous/conflicting
visual stimuli

Hearing uncomfortably
loud sound
Incongruent mirror visual
feedback during active movements

Mirror visual feedback of stimulated
unaffected limb

Increased pain (61-73%), sensory
disturbances (73%), dystonia (33%)
in the affected limb, and asymmetric

vasomotor response (34%) N'=30, HC, PC

Painful sensations to sound
(hyperacusis; 38%)

Increased pain and sensory disturbances HC, PC, BL

Pain and paraesthesia experienced
in the corresponding location on the
nonstimulated affected limb (allochiria);
cold perceived concurrently on the
stimulated and nonstimulated

Cohen et al. [184], N = 30,
HC, BL; Hall et al. [185],

de Klaver et al. [187], N =40

Brun et al. [186], N =38,

Acerra and Moseley [188],
N =10, HC, PC, UL

Physically resting or viewing the

affected limb as positioned in the

unaffected side of space through
prism glasses

Temperature
modulation

Viewing enlarged image of the
affected limb through magnifying
lenses or in virtual environment
or shrunk images of affected limb
through minifying lenses

Visual perception

Normalization of temperature
asymmetry between the limbs

Pain and swelling (evoked by movement)
increased when viewing enlarged image,
reduced when viewing shrunken image

limb (dysynchiria)

Moseley et al. [182],
N =10, HC, BL, [72],
N =23, HC, BL

Matamala-Gomez et al.
[189], N =9, PC, AL;
Moseley et al.
[183], N =10, AL

“Percentages represent the proportion of individuals with CRPS out of the total CRPS sample who presented with abnormal performance. We reported
percentages where available; in other cases, we presented group effects. PN represents CRPS sample size. Where applicable, we specified what control group
was included (HC = healthy/pain-free controls; PC = pain controls) and which limb(s) were tested (AL = affected limb; BL = both limbs).

on higher-level cognition, here, we provide examples of cor-
tical modulation of low-level sensory, autonomic, and motor
functions in CRPS (Table 4), relevant to understanding the
higher-order central mechanisms of clinical signs of this
condition. Previous research suggests that resting or seeing
the affected limb in the unaffected side of space can nor-
malize the temperature of that limb [72, 182] (although this
effect is not always found [51]). Furthermore, manipulating
the perceived size of CRPS-affected hands can modulate
movement-related pain intensity and swelling [183]. Sen-
sory conflicts, such as viewing ambiguous visual stimuli,
can increase pain and induce other sensory disturbances,
dystonic reactions, and asymmetric autonomic response
[184, 185]. Sensory disturbances associated with increased
pain can also be triggered by sensory-motor conflicts [186].
Heightened susceptibility to such conflicts suggests that
CRPS-related sensory impairments might extend beyond
the cortical networks related to sensory-motor processing
of the affected body parts. Specifically, they can arise from
processing visual objects [184, 185] or sound [187] unrelated
to the body or during movements of the unaffected arm
[186]. People with CRPS also presented with abnormal sen-
sations in the CRPS-affected limb evoked without actual
somatosensory stimulation, solely by creating a visual illu-
sion of the affected limb being touched [188]. Overall, the
many examples of relief or worsening of symptoms by spatial
or multisensory manipulations support the notion that sen-
sory and autonomic abnormalities in CRPS cannot be fully
accounted for by peripheral mechanisms and suggest an

involvement of supraspinal cortical mechanisms in generat-
ing or aggravating physical symptoms of CRPS.

4.2. Neuropsychological Symptoms Related to Pain Intensity.
Interrelationships between the changes in higher cognitive
functions and clinical signs of CRPS further demonstrate
the involvement of central mechanisms in the manifesta-
tion of the syndrome. For example, higher pain intensity
was associated with greater body perception disturbance,
longer time taken to recognise the laterality of images of
the affected limb, and more impaired sense of limb move-
ment [44, 47, 57, 60]. People with CRPS also reported
increased pain intensity while completing the limb laterality
recognition task, which was greater in higher cognitive load
conditions (i.e., when limbs were presented for shorter
time) [63]. Finally, the severity of spatially modulated
motor deficits [76], self-reported “neglect-like” symptoms
[42], and magnitude of spatial attention bias [58, 72, 73]
were related to more intense pain, although several studies
reported finding no such relationships [39, 40, 45, 74].
Nevertheless, self-reported “neglect-like” symptoms might
have important prognostic value and contribute to the
maintenance of CRPS, because they predict pain outcomes
six months later in chronic CRPS [42]. The existing behav-
ioural evidence cannot ascertain whether neuropsychological
symptoms are primary or secondary to clinical signs of CRPS.
However, the reported relationships between these outcomes
suggest that cognitive and behavioural interventions targeting
changes in processing conflicting information, body
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representation, and lateralized spatial function have a poten-
tial to improve clinical outcomes in CRPS and other pain
conditions.

4.3. Are Neuropsychological Symptoms Specific to CRPS? One
outstanding question is to what extent the neuropsychologi-
cal symptoms that we have reported here are unique to
CRPS. Of those neuropsychological changes we have dis-
cussed, space- and body-related neurocognitive phenomena
often relate to clinical symptoms of CRPS and might be spe-
cific to this pain syndrome. The lateral shift of subjective
body midline [40, 70], overestimation of the size of the
affected limbs [49], referred somatosensation from the
healthy to the affected limb under mirror visual feedback
[188], and sensory disturbances and increased pain due to
viewing conflicting visual stimuli [185] seem to be unique
to CRPS. This is because they were not found in control
patients with other pain disorders who participated in the
same studies.

However, changes in body representation [190], spatial
representations [161], auditory perception [191], tactile acu-
ity [192], and proprioception [190] can also be present in
other chronic pain conditions. For instance, despite being
slower than healthy participants in recognising hand lateral-
ity, when the performance of participants with CRPS was
directly compared to those with phantom limb pain [62] or
other non-CRPS upper limb pain [40], there were no differ-
ences compared to these groups. Self-reported “neglect-
like” symptoms were also found in other chronic pain condi-
tions, particularly upper limb pain [33, 36-38, 40, 62]
(although see [35]). Thus, some deficits in body representa-
tion and lateralised spatial cognition appear to be present in
lateralised chronic pain conditions other that CRPS. Altered
body representation was also observed in widespread pain
(fibromyalgia) and chronic back pain (for a review, see
[190]). People with fibromyalgia also reported similar experi-
ences during sensory-motor conflict as individuals with
CRPS [186]. It is thus possible that the above changes in body
representation are common features of a group of related
chronic pain conditions.

Certain cognitive changes might be associated with
chronic pain more generally, regardless of its site and origin.
For instance, deficits in working memory, verbal learning
and memory, and nonlateralised attention have been found
in people with chronic pain other than CRPS [95, 193]. A
comprehensive literature review by Hart et al. [193] con-
cluded that attentional capacity, processing speed, and psy-
chomotor speed are commonly affected in people with
chronic pain (without a history of brain injury) compared
to healthy controls. The severity of their cognitive deficits
has often been associated with reported pain intensity, and
most studies ruled out the effect of medication on the partic-
ipants’ performance. Even when the severity of depressive
symptoms is controlled for, approximately 20% of people
with nonmalignant chronic pain present with cognitive
impairment relative to normative cut-offs [95]. Conversely,
a meta-analysis revealed no attention bias towards pain-
related information in patients with chronic pain other than
CRPS [194].
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Although an exhaustive review of neuropsychological
changes in chronic pain is beyond the scope of the current
article, it is clear that many of the neuropsychological
changes reported in CRPS are not unique to this condi-
tion. Nonetheless, the therapeutic benefit of treating such
changes in CRPS suggests that they are important for under-
standing its pathology. Furthermore, understanding these
cognitive symptoms could potentially result in expanding
the neurocognitive treatments that are effective in CRPS to
other pain populations.

4.4. Targeting Neuropsychological Changes for Treatment of
CRPS. The supraspinal mechanisms of CRPS are thought to
involve functional cortical reorganization. For instance, the
severity of pain and other CRPS signs (mechanical hyperal-
gesia, tactile discrimination impairment, decreased grip
strength, and impaired reach to grasp movements) were
related to the extent of functional reorganization of primary
sensory and motor cortices [85, 86, 136, 137, 139, 178, 195].
Functional reorganization of the cortical representation of
the CRPS-affected limb can be reversed in the course of CRPS
treatment [85, 196], and such a reversal is associated with
improvement of CRPS symptoms. In one study, the patients
who initially showed shrinkage of the cortical representation
of the affected limb (relative to unaffected limb and represen-
tations of healthy controls) [139] were followed up at least a
year later, after successful drug therapy accompanied by
physical therapy. Reorganization of the primary somatosen-
sory representations of their CRPS-affected hands was
reversed, and this correlated with the extent of the improve-
ment in their CRPS symptoms [196]. Reversal of cortical
reorganization of primary and secondary sensory maps was
also associated with pain reduction and improved tactile dis-
crimination following drug therapy accompanied by graded
desensitisation and motor tasks (sensory-motor returning
treatment) [85]. The extent of rereorganization associated
with the reduction in CRPS pain suggests that pain is related
to the extent of neuroplasticity. Although these findings of
cortical reorganization and then normalisation following
treatment are only correlational, there is some evidence that
targeting the cortical reorganization itself might reduce pain
and other symptoms of CRPS. Cortical changes have been
targeted directly by anodal transcranial direct current stimula-
tion over primary sensory and motor cortex [197, 198] or
repetitive TMS over the motor cortex [199-201]. Both of these
interventions resulted in promising analgesic effects in chronic
pain, including CRPS in preliminary studies, although the
abovementioned studies have not tested whether they actually
reverse cortical reorganization.

Compared to direct efforts to induce cortical reorganiza-
tion, the research on behavioural methods addressing neu-
ropsychological deficits in CRPS has been more extensive.
Several therapies, such as mirror therapy, graded motor
imagery, and prism adaptation, appear to have beneficial
effects on both the neuropsychological and clinical symp-
toms of CRPS. Mirror visual feedback therapy [202] relies
on correcting the mismatch between motor commands
and sensory feedback. This method reduced pain and other
symptoms, and improved motor function of the affected
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limb, in people with CRPS with [203-205] and without [46,
206] neurological injury. In graded motor imagery, hand
laterality recognition training and imagined hand move-
ments are thought to sequentially activate cortical motor
networks without requiring real movements and thus
reduce movement-related pain that might be associated
with mirror therapy [207-209]. This treatment decreased
pain and oedema and reduced the speed of limb laterality
recognition in CRPS (although one study failed to replicate
the effect of pain reduction [56]). Mirror visual feedback
and graded motor imagery can also reduce pain and
improve motor function in other chronic pain conditions,
particularly phantom limb pain [207, 210, 211]. Prism
adaptation [212, 213], adapted from rehabilitation of post-
stroke neglect, is hypothesised to normalise attention bias
and/or the sensory-motor integration system in CRPS. In
small uncontrolled studies, it has been shown to reduce sub-
jective body midline bias, body representation distortions,
and pain and improve autonomic symptoms and motor
function in CRPS [55, 69, 214] (see [215] for a protocol
for a randomised controlled trial). Neurorehabilitation has
certain advantages over analgesic medications and brain
stimulation. For example, it is easily accessible and inexpen-
sive, is not associated with severe side effects, and can be
self-administered. However, the neurorehabilitation tech-
niques discussed above are not alternatives to other rehabil-
itation methods. Instead, they could be used as adjunct
therapies to drug treatment, physical/functional therapy,
and brain stimulation. Reducing clinical signs such as pain
and motor impairment and cognitive symptoms such as
body representation distortion can help overcome prag-
matic barriers in engaging with traditional rehabilitation.

4.5. Summary of Clinical Relevance of Neuropsychological
Changes. To summarise, supraspinal mechanisms appear to
contribute to CRPS symptomatology on the level of cognitive
functions. This is demonstrated by spatial and multisensory
modulation of sensory, motor, and autonomic function,
and evidence that the extent of neuropsychological changes
is related to pain severity. There is emerging support for
targeting neuropsychological deficits to relieve physical
symptoms of CRPS. Neuroimaging studies indicate that cor-
tical reorganization in CRPS can be reversed, although, thus
far, no study has investigated if this reversal is accompanied
by any cognitive changes. Conversely, it remains unclear
whether neurocognitive treatments reduce the clinical symp-
toms of CRPS through reversing cortical reorganization or
through changes on a behavioural level (or both). In particu-
lar, there is currently no neuroimaging research on whether
any functional reorganization in parietal networks (implied
by neuropsychological changes) relates to clinical manifesta-
tions of CRPS. Despite the promising effects of emerging
neurorehabilitation strategies, their working mechanisms
are yet to be fully understood and the quality of evidence sup-
porting their implementation in standard clinical practice is
still insufficient. One potential avenue towards developing
new treatments could involve taking advantage of intact cog-
nitive functions. For example, the rubber hand illusion [41]
could be used to work towards tolerating touch on the
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affected limb while observing touch on the artificial limb
and altered auditory feedback [48] could be used during
auditory-motor adaptation to improve movement of the
affected limb.

5. Conclusions and Outstanding Questions

Overwhelming evidence of neuropsychological alterations
warrants their consideration in the management of CRPS
along with the sensory, motor, and autonomic symptoms.
Although posttraumatic aberrant inflammatory response
can explain several symptoms of CRPS, changes in the central
nervous system might better account for these once the
peripheral processes subside. The role of cortical mechanisms
in CRPS is evident in the neuropsychological symptoms,
modulation of low-level sensory and autonomic symptoms
by higher cognitive functions (see Table 4), and functional
cortical reorganization. Neuropsychological changes found
in CRPS include distorted body representation, deficits in
lateralised spatial cognition, and impairment of other non-
spatially-lateralised cognitive functions (see Table 2). They
appear to pertain to manifestation of this syndrome and
relate to its clinical outcomes, such as pain. Here, we provide
several concluding remarks and lay out suggestions for fur-
ther research to investigate the cognitive aspects of CRPS
and other chronic pain syndromes:

(1) The “neglect-like” framework does not fully capture
the neuropsychological changes found in CRPS.
Instead, disruption to the parietal cortical network
might provide a better framework for characterising
these symptoms. This would incorporate “neglect-
like” symptoms that are often reported in CRPS
(which in hemispatial neglect are often associated
with temporoparietal right hemisphere lesions
[109-111]). However, the parietal framework would
also include other changes in spatial cognition that
are not consistent with reduced attention to the
affected relative to unaffected side (e.g., the shift of
the egocentric reference frame towards the affected
side [68, 70] or a leftward spatial bias regardless of
which side is affected by CRPS [40, 66]). The poste-
rior parietal cortex has been implicated as a crucial
area for constructing spatial representations of the
body and external space, as well as body ownership
[104, 216-219]. Other cognitive changes reminiscent
of parietal deficits that have been seen in people with
CRPS include impaired non-spatially-lateralised con-
structional and gnostic abilities [65, 71, 220], although
some parietal functions such as multisensory integra-
tion might be intact [41, 104]. Overall, combined evi-
dence of abnormal lateralised spatial cognition, body
representation, and non-spatially-lateralised cognitive
functions in CRPS suggests that functional reorgani-
zation of the parietal cortex could underlie the man-
ifestation of neuropsychological symptoms in CRPS.
Further neuroimaging studies could test whether
functional alterations in parietal cortex indeed
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(2)

3)

(4)

correlate with observed neuropsychological symptoms
to complement the behavioural findings

Neuropsychological symptoms might not all be spe-
cific to CRPS, but instead could have ramifications
for understanding the cognitive aspects of other
chronic pain conditions and applying neurocognitive
treatments that are beneficial for CRPS to these disor-
ders. Chronic pain in general can impair cognitive
functions such as memory, attention, or executive
function, and these impairments have been linked
to pain intensity [95, 193]. There are some cognitive
changes that distinguish CRPS from other unilateral
limb pain syndromes (such as arthritis or neuro-
pathic pain [35, 70, 186]). Nonetheless, some neuro-
psychological symptoms are seen across these
different pain disorders as well as in people with non-
lateralised and widespread pain (such as chronic back
pain or fibromyalgia) [190]. There are groups of
chronic pain syndromes that are associated with plas-
tic changes in the central nervous system, including
phantom limb pain, fibromyalgia, and CRPS [221].
People with these conditions can present with similar
distortions of body representation and spatial cogni-
tion (e.g., [62, 145, 190, 222, 223]), which inspired
therapeutic approaches targeting these symptoms to
reduce pain [224]

Striking findings that cortical reorganization in CRPS
can be reversed after recovery [85, 196] suggest that
the central mechanisms of chronic pain can be tar-
geted for treatment. Recognising similarities between
mechanisms and symptomatology of different pain
syndromes can facilitate broader applications of
treatments that are beneficial in some disorders. Sev-
eral neurocognitive rehabilitation strategies devel-
oped for CRPS, or adapted from other neurological
or pain conditions, have provided some relief from
pain and other symptoms [69, 206, 208]. However,
there is a need for studies involving larger patient
groups and more rigorous controls to better evaluate
the benefits of many of these treatments. Another
issue is that studies of treatments that target neuro-
psychological symptoms or cortical networks rarely
evaluate the changes in these factors. Identifying the
mechanisms of action of neurocognitive treatments
and understanding which neuropsychological symp-
toms should be targeted for rehabilitation would help
to maximise its therapeutic effects. For instance, not
all individuals with CRPS present with the same neu-
ropsychological changes, thus stratified management
might be most efficient

Recognising the limitations of the research reviewed
in this article and gaps in our understanding of the
neuropsychological aspects of CRPS, we would like
to put forward some recommendations that could
improve further studies on this topic. Even though
there is a body of evidence suggesting systematic neu-
ropsychological changes in CRPS that are apparent
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on a group level, it would be an overstatement to sug-
gest that all people with CRPS present with such
symptoms. High variability in the clinical presenta-
tion of CRPS [15] also applies to neuropsychological
changes, which do not always replicate across differ-
ent studies. Some studies (including single cases)
might have specifically targeted patients with pro-
nounced impairments (e.g., [53, 54, 65, 71]) or have
a high proportion of such patients through a combi-
nation of random chance and small sample size.
This could lead to overestimating certain neuropsy-
chological symptoms in CRPS. Fortunately, there is
an increasing tendency to publish null findings,
which should allow a more balanced appraisal of
the emerging evidence. Although sample sizes in
CRPS research are often limited by the availability
of people with this rare condition, large-sample,
unbiased studies are needed to establish the preva-
lence of certain neuropsychological changes and
potentially identify the characteristics of subgroups
of patients in whom these symptoms are more prom-
inent. This could be achieved by combining research
efforts across multiple sites and countries. Longitudi-
nal research tracking cognitive changes throughout
the course of CRPS and its recovery could enhance
the understanding of how they can contribute to the
development and maintenance of the disorder and
how stable they are over time. Future research could
focus on whether there are any cognitive changes in
paediatric CRPS and how they correspond to those
found in adults. Neuropsychological symptoms in
CRPS typically do not arise from any brain injury
(in contrast to, for example, hemispatial neglect);
thus, they might be more subtle compared to those
seen in neurological disorders. To detect and pre-
cisely quantify these symptoms in CRPS, researchers
should use sensitive measures (e.g., TOJs). In contrast
to some neurological conditions, people with CRPS
often have insight into their cognitive problems,
especially in body representation. Therefore, self-
report measures appear to be useful in capturing
these symptoms [35, 43]. However, inconsistencies
between self-reported disturbances and the same
symptoms measured experimentally suggest that we
might lack appropriate methods to quantify these
changes in a reliable and objective manner. Some
studies fail to verify whether observed neuropsy-
chological symptoms are indeed abnormal (see
Table 2). Directly comparing the performance of par-
ticipants with CRPS and matched healthy controls on
the same tests allows appropriate quantification of
any deviation from what would be considered a nor-
mal performance. This is particularly relevant to
studying lateralised spatial attention, as a mild left-
ward bias (“pseudoneglect” [122]) is often found in
neurologically healthy participants. Furthermore,
routinely including pain control groups would pro-
vide insights into which neuropsychological symp-
toms are unique to CRPS and which are present in
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other pain conditions as well. This in turn might
facilitate our understanding of any central mecha-
nisms specific to CRPS and the development of more
targeted treatments

In summary, CRPS appears to be associated with com-
plex neuropsychological changes that include distortions in
body representation, deficits in lateralised spatial cognition,
and non-spatially-lateralised higher cognitive functions.
Some of these cognitive changes are reminiscent of other
neuropsychological syndromes that can follow brain lesions,
and some might be associated with chronic pain. We argue
that the hemispatial neglect framework is not sufficient to
characterise the higher cognitive functions affected in people
with CRPS. Emerging findings suggest that the disruption of
parietal cortical networks can play a role in the manifestation
of these neuropsychological symptoms. Importantly, cogni-
tive changes in CRPS (and potentially other chronic pain
conditions) can be targeted for treatment. Further research
taken beyond the analogy to hemispatial neglect could pro-
vide a better understanding of the neuropsychological com-
ponents of CRPS and elucidate how cortical changes
contribute to clinical symptoms of this debilitating condition.
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Small fiber neuropathy develops due to the selective damage of the thin fibers of peripheral nerves. Many common diseases can
cause this condition, including diabetes, infections, autoimmune and endocrine disorders, but it can occur due to genetic
alterations, as well. Eighty-five skin biopsy-proven small-fiber neuropathy cases were analyzed. Forty-one (48%) cases were
idiopathic; among secondary types, hypothyreosis (9.4%), diabetes mellitus (7%), cryoglobulinemia (7%), monoclonal
gammopathy with unproved significance (4.7%), Sjogren’s disease (3%), and paraneoplastic neuropathy (3%) were the most
common causes. Two-thirds (68%) of the patients were female, and the secondary type started 8 years later than the idiopathic
one. In a vast majority of the cases (85%), the distribution followed a length-dependent pattern. Intraepidermal fiber density was
comparable in idiopathic and secondary forms. Of note, we found significantly more severe pathology in men and in diabetes.
Weak correlation was found between patient-reported measures and pathology, as well as with neuropathic pain-related scores.
Our study confirmed the significance of small fiber damage-caused neuropathic symptoms in many clinical conditions, the
gender differences in clinical settings, and pathological alterations, as well as the presence of severe small fiber pathology in

diabetes mellitus, one of the most common causes of peripheral neuropathy.

1. Introduction

The majority of cases with peripheral neuropathy has a
combined involvement of large and small nerve fibers,
but sometimes, the damage of different types of fibers are
unequal. Certain diseases cause predominantly large fiber
damage (e.g., B12 vitamin deficiency), others prefer a small
fiber lesion (e.g., Fabry’s disease). Furthermore, special struc-
tures, such as axons and myelin, are usually differently
involved [1].

Small fiber neuropathy (SFN) develops due to the lesion
of peripheral nerve fibers with a thin myelin sheath (Ad)
and without myelin (C fibers). These fibers are responsible
for the mediation of temperature and pain sensations, as well
as the control of autonomic functions; they build up to 80-
90% of the peripheral nerves [2-4].

Patients suffering from SFN usually develop somatic
symptoms, but autonomic dysfunctions might occur as well.
Somatic symptoms can include numbness, paraesthesia,

hypo- or hyperalgesia, allodynia, and neuropathic pain. Neu-
ropathic pain is debilitating; it is characterized by burning,
prickling, itching, stabbing, and “lightning-like” sensations;
therefore, it has a considerable impact on quality of life [5].
Autonomic disturbances include dry eyes and mouth, abnor-
mal sweating, altered gastrointestinal motility and bladder
control, abnormal heart-rate variability, and orthostatic
issues such as hypotension and tachycardia [5, 6]. Recently,
a subclassification was suggested according to the dominant
symptoms [7].

The frequency of SEN is not exactly known. A recent
Dutch study showed an incidence rate of 11.7/100,000 and
a prevalence rate of 52.9/100,000 [8].

SEN might be idiopathic, when the underlying cause
cannot be identified, but several common diseases might
cause it; therefore, patients with SEN have to undergo many
diagnostic tests to identify or exclude metabolic, malignant,
infectious, or genetic diseases [9, 10]. A further difficulty is
that SFN might be an initial phase of neuropathy, and it
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can later progress to thick-fiber involvement as well. Further
studies with long-term follow-up are required to characterize
the natural evolution of SFN [11].

2. Materials and Methods

We performed a cross-sectional, single-institution, prospec-
tive study including a cohort of patients investigated with
SEN between the years of 2012 and 2018 at the Neurology
Department, University of Pécs, Medical School, Pécs,
Hungary. All patients provided written informed consent
before enrollment, and the study was approved by the institu-
tional Review Board of University of Pécs, Hungary.

The inclusion criteria were as follows: (1) typical
complaints related to small-fiber involvement, such as
neuropathic pain; (2) physical signs of SFN, including loss
of pain and/or temperature sensation, and/or autonomic
signs, hyperalgesia, and allodynia, and (3) abnormal skin
biopsy findings with reduced intraepidermal nerve fiber
density (IENFD). According to the diagnostic criteria, all of
our patients belonged to the definite SFN category [12].

2.1. Skin Biopsy. All patients underwent skin biopsy. The biopsy
was performed according to a standardized technique. Briefly,
skin biopsy specimens were obtained using a 3 or 4 mm punch
from the leg, 10 cm above the lateral malleolus in local anesthe-
sia. The samples were fixed in 4% paraformaldehyde for 24-
48hours, cryoprotected in 20% sucrose phosphate-buffered
saline for 24 hours, and frozen to -80°C embedded into OCT
freezing compound overnight.  Fifty-micrometer-thick
cryostat-cut frozen slides were used when proceeding to immu-
nohistochemistry. After blocking with 5% bovine serum albu-
min, 1% lysine and 5% goat serum immunostaining of axons
was performed against the panaxonal marker, PGP 9.5, with a
polyclonal rabbit anti-human PGP 9.5 antibody (DAKO,
7511601-2, in a dilution of 1:1000 in 4°C). After a 48- to 72-
hour incubation with a primary antibody, further steps with a
biotinylated secondary antibody and development were carried
out with the VECTASTAIN Elite ABC HRP Kit and the Vector
SG substrate, respectively (Vector Laboratories). Those fibers
which crossed the dermal/epidermal border were counted. The
subepidermal network and the autonomic fibers supplying the
sweat glands were also assessed. The integrity of the specimen
was judged before the immunohistochemical procedure on a
hematoxylin-eosin-stained routine slide. A minimum of 5
sections of a specimen were evaluated and averaged. Results
were expressed as the number of IENF/mm according to the
EENS guidelines [13]. Values below the 0.05 quantile per age
span for females and males were considered pathological as
recommended [10, 14]. Subepidermal nerve fiber density
(SENFD) and autonomic fiber density (ANFD) around sweat
glands were semiquantitatively evaluated on all slides from all
cases with a 3-grade system: O=no fibers; I=moderate amount
of fibers; and 2=abundant fibers. In each case, the result of the
best specimen was recorded, but generally, no remarkable dif-
ferences were found among slides prepared from one subject.

2.2. Clinical Test. Detailed neurological physical examination
was performed in each case, including sensory tests for tactile
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stimuli (monofilament), pain (pinprick), temperature (stan-
dardized temperatures), joint position sensation, vibration
(tuning fork), and recording of allodynia and hyperalgesia.

All patients underwent extensive laboratory testing to
exclude or prove the underlying cause, such as diabetes melli-
tus, renal and hepatic dysfunction, hypothyroidism, infections
(hepatitis B and C and Lyme disease), autoimmune disease
(immune serology for Sjogren’s syndrome, systemic lupus
erythematodes, rheumatoid arthritis, and vasculitis), parapro-
teinemia (serum electrophoresis), paraneoplastic syndromes
(onconeural antibodies, chest X-ray, or CT, abdominal ultra-
sonography, or CT), and vitamin B12 deficiency. The
patients’ alcohol abuse and family history of SEN were also
recorded. A blood spot test was applied for Fabry’s disease.

All patients underwent detailed electrophysiology such as
sensory and motor nerve conduction studies of the upper and
lower extremities and electromyography of deltoid, abductor
pollicis brevis, and anterior tibial muscles.

According to the results, patients were classified as (1)
idiopathic SEN (iSFN, when the underlying cause was not
found, electrophysiology was negative, and IEFD was
decreased); (2) secondary, pure SEN (sSEN, when the under-
lying cause was identified, electrophysiology was negative,
and IEFD was decreased); (3) SEN with axonal neuropathy;
and (4) SEN with demyelinating neuropathy (regardless of
the underlying cause, but with decreased IEFD and positive
electrophysiology). A detailed analysis was only performed
for the isolated SEN groups (1 and 2).

2.3. SFN-Related Tests. The Toronto clinical neuropathy
scoring system (TCNS) was recorded for each case to assess
the severity of neuropathy. It is a weighted scoring system
for symptoms of neuropathic pain, sensory loss, motor func-
tions, and deep tendon reflexes of the lower limb; therefore,
large and small fiber functions are included as well [15].
The Douleur neuropathique 4 questionnaire (DN4) was
applied for the screening of neuropathic pain (NP) [16].
The Pain Detect Questionnaire (PD-Q9) and The Neuro-
pathic Pain Scale (NPS) were used to evaluate different pain
qualities associated to NP [17, 18]. Both are simple, self-
administered tests, allowing the detection dimensions and
different qualities of NP on a quantitative scale [19]. A
Hungarian form of the Beck Depression Inventory (BDI)
was administered for the assessment of depression [20].
Finally, the pain intensity was recorded on an 11-point visual
analogue scale (VAS).

2.4. Statistics. Differences were compared by Student’s ¢-test
for continuous variables and by chi-square test or ANOVA
for categorical variables. Normality test was performed for
all continuous variables. The data analysis was performed
using the SPSS v.25 statistical program (IBM Inc., Chicago,
USA). The level of significance was set as 0.05.

3. Results

Between the years of 2012 and 2018, we found 117 patients
fulfilling the criteria of biopsy-proven small-fiber involve-
ment. Eighty-five of them were pure SFN (35% idiopathic,
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37.6% secondary), 23 patients (19.7%) had SFN associated
with axonal neuropathy, and 9 patients (7.7%) with demye-
linating large fiber neuropathy. For further analysis, we
included only the isolated SFN patients. Forty-one patients
(48%) of the pure SFN group were idiopathic. Table 1 shows
the comparison of the basic characteristics of patients with
iSEN or sSEN. Two thirds (68%) of the study population were
female, and this predominance was even significantly higher
in the sSEN group. The disease started 8 years later in the
sSEN (p <0.05). The distribution of clinical symptoms
followed a length-dependent pattern in the vast majority of
the cases (85%), and only occasional patients were found
with burning mouth and vulvodynia or with diffuse com-
plaints. Typical complaints of neuropathic pain were found,
but the quantitative evaluation was limited because almost
all patients were under treatment.

The results of NP-related scoring are presented in
Table 2. All recorded parameters were in the middle range,
including VAS, DN4, PD-Q9, and NPS. DN4, PD-Q9, and
NPS were positive in 68, 81, and 42%, respectively. TCNS
results were in the lower middle range, because it measures
small- and large-fiber involvement as well. It showed a mild,
moderate, or severe neuropathy in 19, 10, and 2%, respec-
tively. BDI was normal in the majority of the cases, and a
mild to moderate depression was only detected in 20% of
the iSEFN group.

IENFD was 3.2+2.7 fibers/s/mm (mean +SD), but it
varied in a large scale from 0 to 11. Figure 1 demonstrates
that the results were comparable in idiopathic and secondary
SEN patients, but the distribution did not follow the normal
pattern (not shown).

The analysis of the subgroups showed more severe
small fiber loss in men compared to women (IENFD was
2.34 £ 1.97 fibers/mm and 3.6 + 2.94 fibers/mm, respectively,
P < 0.05). Patients with diabetes had lower IENFD compared
to nondiabetic patients (IENFD was 0.79 + 0.58 fibers/mm
and 3.4 +2.75 fibers/mm, respectively, p < 0.05). Compared
to those patients whose IENFD was below or above 5
fibers/mm, we found that DN4 was significantly higher
(5.5+2.99 and 4.74+1.94, respectively, p<0.05) and
patients were more depressed, as BDI showed (8.0 £ 7.5 and
3.5+ 2.88, respectively, p<0.05) in the group with more
severe pathology.

IENFD showed significant negative correlation with the
age of patients (r = —0.304, p < 0.01) (Figure 2).

Subepidermal nerve fiber density was variable, but it was
usually comparable to IENFD. Grades 0, 1, and 2 were found
in 29%, 59%, and 12%, respectively; therefore, the majority of
the cases presented moderate fiber loss. In opposite, the auto-
nomic innervation was usually spared (cases with grade 0, 1,
and 2 were 15%, 36%, and 49%, respectively).

Statistical analysis resulted in significant association
between IENFD, SENFD, and ANFD, but it was absent when
the histological findings were compared to clinical variables.
Generally, low SENFD and ANFD were associated with low
IENFD. Significant differences in IENFD were found
between grade 0 and grade 2 of SENFD (p <0.05), and it
was also significant when we compared grade 0 to grade 1
or 2 of ANFD (p =0.01 and p < 0.01, respectively) (Figure 3).

TaBLE 1: Basic characteristics of the study population.

iSFN (n=41) sSFN (n =44) Sign.
Sex (female) 26 (41%) 32 (73%) p<0.05
Age (ys) 5144125 5874109  p=0.05
Onset (ys) 47.6 £12.6 55.6+11.1 p<0.05
Duration (ys) 39+3.0 32+£29 ns.

Distribution, LD/

35/6 (85/15%) 37/7 (84/16%) ns.

NLD (n, %)

Elggfvref;‘;etnzg”% : 26 (63%) 26 (59%) ns.
Numbness (1, %) 34 (83%) 35 (80%) ns.
Burning pain (n, %) 26 (63%) 25 (57%) ns.
Prickling pain (1, %) 12 (29%) 11 (25%) ns.
Itching pain (1, %) 5 (12%) 3 (7%) ns.
Allodynia (1, %) 10 (24%) 10 (23%) ns.

Although the ratio of females and the onset of the disease was significantly
higher in the secondary SFN (sSFN) group, all other parameters were not
statistically different from idiopathic SFN (iSFN). LD: length dependent;
NLD: nonlength-dependent; ns.: nonsignificant.

TaBLE 2: The main findings of pain-related tests in the study
population.

iSEN (n=41) sSFN (n =44) Sign.
BMI (kg/m?) 26.0 (4.3) 27.4 (4.9) ns.
Pain intensity (VAS) 5.5 (2.3) 6.1 (2.4) ns.
DN4 5.0 (2.5) 4.9 (2.0) ns.
painDetect (PD-Q9) 13.9 (7.2) 12.1 6.0) ns.
NPS 35.0 (20.7) 42.0 (26.6) ns.
TCNS 4.1 (2.5) 5.1(2.7) ns.
IENFD (fibers/mm) 3.3 (2.5) 3.1 (3.0) ns.
SENFD 0.8 (0.6) 0.8 (0.6) ns.
ANFD 1.3 (0.6) 1.4 (1.0) ns.

Data represent the mean and (SD) of the investigated parameters. There were
no significant differences between idiopathic (iSFN) and secondary SFN
(sSFN) in respect of the majority of the investigated parameters. ANFD:
autonomic nerve fiber density; IENFD: intraepidermal nerve fiber density;
NPS: Neuropathic Pain Scale; SENFD: subepidermal nerve fiber density;
TCNS: Toronto Clinical Neuropathy Scoring System; VAS: visual analogue
scale; ns.: not significant difference.

The most common causes of sSSEN were hypothyroidism
(Hashimoto’s disease), diabetes mellitus, and cryoglobuline-
mia. Monoclonal gammopathy of undetermined significance
(MGUS), Sjogren’s syndrome, and paraneoplastic process
were rare, as well as Lyme disease (Table 3). Among the
remaining secondary cases, routine laboratory tests resulted
in renal dysfunction (1 case) and antinuclear antibody posi-
tivity without systemic autoimmune symptoms (3 cases).
Vitamin B12 levels, viral serology, and the Fabry tests were
all normal.

Pain-killing medication was administered to 64 patients
(75%), and half of them received combined treatment. The
most common medications were benzodiazepines (32%),
tricyclic antidepressants (23%), serotonin-norepinephrine
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12.0 A
R? linear = 0.092

10.0 A L

IENFD (fibers/mm)

Age (years)

FIGURE 2: Relationship of the IENFD and age. Intraepidermal nerve fiber density (IENFD) showed negative correlation with the age of the
investigated subjects.

*
N 10.0 o -
100 16 s
o
80+~
—~ 80
g £
§ Z 60
g 6.0 )
2 g
= a
2 40 £ 409
Z 4
g =
) e i
0 0 -
0 1 2 0 1 2
SENFD ANFD

F1GuURE 3: Correlations of intraepidermal, subepidermal, and autonomic fiber densities. Although, subepidermal nerve fiber density (SENFD)
and autonomic nerve fiber density (ANFD) were assessed semiquantitatively, the amount of these fibers was comparable to intraepidermal
nerve fiber density (IENFD). Asterisks mark significant differences from grade 0.



Behavioural Neurology

TaABLE 3: The most common diseases associated with SFN.

Disease Frequency N (%)
Hashimoto 8(9.4)
Diabetes 6 (7)
Cryoglobulinemia 6(7)
MGUS 4(47)
Sjogren’s syndrome 3 (3.5)
Malignancy 3(3.5)
Lyme disease 2(2.3)

MGUS: monoclonal gammopathy of undetermined significance; N: number
of cases.

reuptake inhibitors (17%), gabapentin (17%), pregabalin
(15%), and tramadol-opioids (14%). Four patients received
immune modulatory treatments.

We found significant gender differences in pain scores.
Mean of DN4, PD-Q9, NPS, and VAS was significantly
higher in cases of female patients compared to males (all
p <0.05).

Although the minority of patients had depression, a
significant correlation was found among BDI score and
VAS or PD-Q9 (r=0.659, p<0.05 and r=0.818, p <0.05,
respectively).

4. Discussion

The clinical presentation of SEN is heterogeneous, and the
most frequent pattern is a length-dependent polyneuropathy,
characterized by the typical symptoms appearing on the
distal part of the extremities, mostly on feet; rarely, a non-
length-dependent neuropathy can appear, mainly with
patchy symptoms in a certain part of the body, such as the
face, tongue, and trunk, as well as multiple mononeuropathy
[6, 21]. In our cohort, the non-length-dependent SFN
occurred in 15%, according to the clinical findings. We did
not find differences in either IENFD or other clinical data,
regarding the distribution. In opposite, Khan and Zhou
reported a lower frequency of diabetes mellitus and a higher
frequency of autoimmune diseases in the non-length-
dependent group. The ratio of females was higher, and the
onset was earlier among those patients [21].

The diagnosis of SFN is still challenging despite of
increasing knowledge and available diagnostic tools. Clini-
cal criteria were established only for the length-dependent
form; in other cases, the diagnosis is more difficult. The
assessment of the IENFD is a noninvasive and sensitive
method to prove the disease; it was recommended by the
European Federation of Neurological Societies (EFNS) and
the Peripheral Nerve Society (PNS) in 2010 with level A
evidence. Additionally, the assessment of intraepidermal
nerves results not only in quantitative measures but prognos-
tically important morphological changes can also be observed,
such as length, branching, and axonal swelling [13, 22, 23].
Here, we did not assess morphological changes other than
the count of intraepidermal fibers, because this parameter
was accepted as the evidence of SEN.

Generally, alternative assessments for evidence of SFN
quantitative sensory testing (QST) [24] and contact heat-
evoked potential test (CHEP) are recommended; however,
the first one is time consuming and contains subjective
domains, and the latter is not widely available [24, 25].

Based on the extensive investigations, less than half of the
patients were classified as idiopathic SFN in our study. This is
slightly lower than was reported in previous publications (53-
76%) [9, 21, 26-28]. One possible explanation is that many
patients had hypothyreosis in our cohort. In these cases, the
causality was not proven, but they were classified as sSFN.
Mild gender differences were common in previous studies
with a ratio of females between 41 and 58% [21, 26, 28], but
it was 71% in a study [27]. Our cohort was similar to the
latest one with 68% female predominance.

A Dattery of neuropathy tests was used, because physical
examination was reported having a low diagnostic accuracy
[28]. Variable results were published about correlations of
physical alterations, neuropathy scores, and IENFD. Loss of
pain sensation and pain intensity on VAS were reported to
be related to IENFD [29, 30]. In our study, the DN4 score
was the only finding that was significantly related to the
severity of the intraepidermal fiber loss.

Comparing iSFN and sSFN, significant differences were
found in the ratio of genders, age of the patients, and
disease onset. None of the remaining investigated parame-
ters was significantly different between the above groups,
including distribution of symptoms and types of pain
qualities, as well as pain intensity and results of neuropa-
thy scoring. These data might indicate that loss of intra-
dermal thin fibers results to similar clinical symptoms
regardless of the underlying causes.

We found a significant effect of gender on IENFD, but it
was not related to the age and the type of lesion, as well as the
etiology. Interestingly, higher IENFD (less severe pathology)
and higher pain scores (more severe clinical appearance)
were found in female patients, but close correlation was not
found between them, with the exception of DN4 score. In
previous studies, variable gender effects have been reported.
The gender difference in IENFD in a healthy population is
well known, and it seems the pathology follows this trend.

The second important finding of our study is the effect of
diabetes on SFN. Diabetes-induced SFN has earlier been
found to be associated with more severe pathological changes
[28, 31, 32], which we confirmed here. Although TCNS was
reported with the highest diagnostic yield in diabetic neurop-
athy [33], here we found positive results in only 30.7% of the
cases, which can be explained by the absence of large-fiber
involvement. Recently, corneal confocal microscopy (CCM)
has been proven to be a sensitive and comparable method
to skin biopsy in the diagnostics of diabetic SFN [24, 34].
Further studies in large cohorts of SEN with a different etiol-
ogy are necessary to confirm the reliability of CCM as a diag-
nostic tool in SEN and its comparison to histological
methods. Because of the limited availability of pain-related
evoked potential tests and CCM, QST and skin biopsy
remain the standard diagnostic procedures in case of SFN.
Precise procedure and strict usage of normal values are
necessary for reliable results.



A limited number of studies investigated SENFD and
ANEFD, and no clear clinical importance of their changes
was determined. Furthermore, less clear-cut diagnostic
criteria were established for these pathological changes, and
the quantification is more difficult. Although in our study
low IENFD was statistically associated with low SENFD
and ANFD, in our practice, the autonomic innervation of
sweat glands has remained intact or minimally involved even
in severe SFN cases, and therefore, staining of nerve fibers
around sweat glands might serve as a quality control of
immunohistochemistry.

The therapy of our patients was conducted according to
the guidelines of neuropathic pain treatment [35], but, some-
how, benzodiazepine usage was common. It can be explained
by the anxiety of patients due to the sort of investigations and
the chronic troublesome pain.

Our study was limited because we applied only a cross-
sectional investigation, and it is known that IENFD may
change in time and due to clinical conditions; therefore, a
long-term follow-up study would be recommended. Further-
more, no additional clinical tests, such as QST or CCM were
systemically carried out for comparison because of limited
time and availability of the tools. The pain intensity assess-
ment was also limited, because the majority of patients was
on pain medication. A genetic survey was not conducted,
either.

In summary, our results are in line with previous
publications. We found significant differences of IENFD
in SFN regarding gender and the presence of diabetes.
Although, the frequency of SFN is nor clearly known, it
can be variable according to race and gender. The number of
possible underlying conditions is significant, and we have to
perform all recommended tests to exclude the potentially
treatable forms, otherwise only symptomatic therapy is avail-
able for patients.
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Neuropathic pain is a chronic secondary pain condition, which is a consequence of peripheral or central nervous (somatosensory)
system lesions or diseases. It is a devastating condition, which affects around 7% of the general population. Numerous etiological
factors contribute to the development of chronic neuropathic pain. It can originate from the peripheral part of the nervous system
such as in the case of trigeminal or postherpetic neuralgia, peripheral nerve injury, painful polyneuropathies, or radiculopathies.
Central chronic neuropathic pain can develop as a result of spinal cord or brain injury, stroke, or multiple sclerosis. As first-line
pharmacological treatment options, tricyclic antidepressants, serotonin-norepinephrine reuptake inhibitors, and gabapentinoids
are recommended. In trigeminal neuralgia, carbamazepine and oxcarbazepine are the first-choice drugs. In drug-refractory
cases, interventional, physical, and psychological therapies are available. This review was structured based on a PubMed search
of papers published in the field from 2010 until May 2019.

1. Introduction

The current definition of neuropathic pain (NP) was released
almost one decade ago by the International Association for
the Study of Pain (IASP) [1]. Based on this statement, NP is
caused by a lesion or disease of the somatosensory (periph-
eral and/or central) nervous system. This special type of pain
affects some 7-10% of the general population globally, pre-
dominantly in patients above 50 years of age [2]. The charac-
teristics of NP are clearly distinct from those of nociceptive
pain, which together represent the two fundamental groups
of pain conditions. However, according to a new mixed pain
concept, an additional group of pain disorders is proposed,
which is referred to as “nociplastic pain” [3]. Chronic NP
includes peripheral and central NP conditions [4].

A substantial advancement in this field is the latest
classification of these heterogeneous pain syndromes,
published by the IASP in 2019 [5]. The subtypes of chronic
peripheral NP are the following: trigeminal neuralgia (TN),
chronic NP after peripheral nerve injury, painful polyneuro-

pathy, postherpetic neuralgia, and painful radiculopathy. The
following forms belong to chronic central NP: chronic
central NP associated with spinal cord injury (SCI), chronic
central NP associated with brain injury, chronic central post-
stroke pain, and chronic central NP associated with multiple
sclerosis (MS) [4] (Tables 1 and 2). In general, NP conditions
are underrecognized, underdiagnosed, and undertreated.

Treating NP is a real challenge for physicians. The
management of NP targets predominantly the clinical
symptoms instead of the causative factors. Currently available
treatment options include both pharmacological and
nonpharmacological approaches.

Regarding pharmacological therapies in NP, tricyclic
antidepressants (TCA; e.g., amitriptyline), serotonin-
norepinephrine reuptake inhibitors (SNRIs; i.e., duloxetine
and venlafaxine), and gabapentinoids (i.e., gabapentin and
pregabalin) are recommended as first-line treatments. In
second-line, weak opioid analgesics (e.g., tramadol and
tapentadol) are recommended. Topical agents (i.e., lidocaine
plaster and capsaicin patch) are recommended as second-
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TaBLE 1: The TASP classification of chronic pain [35].

Chronic pain
Chronic primary pain syndromes

Chronic secondary pain syndromes

Chronic widespread pain

Complex regional pain syndrome

Chronic primary headache or orofacial pain
Chronic primary visceral pain

Chronic primary musculoskeletal pain

Chronic cancer-related pain
Chronic postsurgical or posttraumatic pain
Chronic NP
Chronic secondary headache or orofacial pain
Chronic secondary visceral pain

Chronic secondary musculoskeletal pain

Abbreviation: NP = neuropathic pain.

TaABLE 2: The IASP classification of chronic NP [4].

Chronic neuropathic pain
Chronic peripheral neuropathic pain

Chronic central neuropathic pain

Trigeminal neuralgia

Chronic NP after peripheral nerve injury
Painful polyneuropathy

Postherpetic neuralgia

Painful radiculopathy

Chronic central NP associated with spinal cord injury
Chronic central NP associated with brain injury
Chronic central poststroke pain

Chronic central NP associated with multiple sclerosis

Abbreviation: NP = neuropathic pain.

line pharmacological treatments exclusively in peripheral
NP. As third-line drugs, strong opioids (e.g., morphine and
oxycodone) are recommended both in central and periph-
eral NP conditions, whereas botulinum toxin type A-
haemagglutinin complex (BoNTA) can be recommended
only in peripheral NP conditions. In TN, carbamazepine
(CBZ) and oxcarbazepine (OXC) are the first-choice drugs.

Nonpharmacological therapeutic options for drug-
refractory NP include the following approaches: interven-
tional therapies (e.g., peripheral nerve blockade, epidural
steroid injection, sympathetic nerve/ganglion treatment,
intrathecal drug/medication delivery, and peripheral and
central neurostimulation), physical therapies (e.g., massage,
ultrasound, transcutaneous electrical nerve stimulation
(TENS), laser, and mirror therapy exercise training), and
psychological therapies (cognitive behavioural therapy
(CBT), psychotherapy, and internet-delivered psychological
therapies).

Papers selected for this work were searched by PubMed
with the keywords: “peripheral neuropathic pain”, “central
neuropathic pain”, “trigeminal neuralgia”, “chronic neuro-
pathic pain after peripheral nerve injury”, “painful
polyneuropathy”, “postherpetic neuralgia”, “painful radicu-
lopathy”, “chronic central neuropathic pain associated with
spinal cord injury”, “chronic central neuropathic pain associ-
ated with brain injury”, “chronic central post-stroke pain”, or
“chronic central neuropathic pain associated with multiple
sclerosis” and “therapy”, “treatment”, “pharmacological”,
“non-pharmacological”, “investigational therapy”, “physical
therapy”, or “psychological therapy”. Only abstracts
published in English were considered. The PubMed search
was done for papers published from 2010 until May 2019.

The aim of this review was to provide an expert view
summarizing the current status of available therapeutic
possibilities both in peripheral and central NP conditions,
based on the novel IASP classification system of chronic
NP conditions. An additional goal was to present the results
of the clinical trials of nonpharmacological approaches in
different types of drug-refractory NP.

2. Chronic Peripheral NP

2.1. Trigeminal Neuralgia. According to the new concept of
classification of chronic pain by the IASP, TN is classified
as a subclass of “chronic peripheral NP”; however, it has
“chronic secondary headaches and orofacial pains” as an
additional parent [4].

The definition of TN is based on the diagnostic criteria of
the latest classification of the International Headache Society
(ICHD-3) [6, 7]. This is a devastating pain condition charac-
terized by recurrent unilateral orofacial ache restricted to one
or more branches of the trigeminal nerve. The characteristics
of the pain can be described as electric shock-like, shooting,
stabbing, or sharp in quality and severe in intensity. The
painful attacks last from a couple of seconds to a maximum
2 minutes. This painful paroxysm can be triggered by innoc-
uous mechanical stimuli or orofacial movements. Even more,
in some cases, involuntary painful contractions of the
muscles on the face can occur, as it was referred to by the
previous term “tic douloureux.”

TN is a subtype of painful cranial neuropathies and is
divided to classical, secondary, and idiopathic forms. Painful
trigeminal neuropathy is classified as a different entity [6-8].
The essence of classical TN is that the patients have
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microvascular compression with morphological changes
(nerve atrophy or displacement) of the trigeminal nerve root
entry in the pons, as demonstrated by high-resolution 3T
MRI [6, 7]. This subtype of TN represents some 80% of the
all TN patients [9]. Secondary TN can be caused by various
neurological disorders, such as tumours in the cerebellopon-
tine angle, MS (i.e., demyelinating lesion in the pons), or an
arteriovenous malformation. Clinically, the main difference
between the classical and the secondary TN is that secondary
TN presents with sensory abnormalities in the orofacial area
innervated by the trigeminal nerve [6, 7, 10]. The last
category of TN is idiopathic, which means unknown cause
(i.e., proper diagnostic work-up does not confirm any lesion
or disease as causative) [6, 7]. Idiopathic TN makes up about
11% of all TN cases [7].

The incidence of TN is from 4.3 to 27 cases per 100,000
capita per year and is more common in persons older than
60 years. Regarding the sex, TN is more frequent in women
(5.9/100,000 cases per year) than in men (3.4/100,000 cases
per year) [9].

The diagnosis of TN requires proper medical history. As
regards neurological physical examination, it should be
underlined that this type of pain can be triggered and in the
classical form, sensory disturbances are usually absent. As
for instrumental investigation, the fundamental method is
high-resolution 3T MRI, which gives us information about
the status of the posterior cranial fossa. The differential
diagnosis of TN includes other cranial neuralgias (e.g.,
glossopharyngeal neuralgia), other facial pains (e.g., persis-
tent idiopathic facial pain), primary headache disorders
(such as cluster headache or other trigeminal autonomic
cephalalgias), and odontogenic diseases such as cracked
tooth, caries, or pulpitis [11].

Treatment options of TN can be divided into a pharma-
cological and a surgical part. Pharmacological therapy
includes CBZ, OXC, lamotrigine, pregabalin, gabapentin,
baclofen, or BONTA injection [8, 11]. Pharmacological treat-
ment recommendations are similar in the classical and
secondary forms of TN. Among these pharmacons, CBZ
and OXC (as sodium ion channel blocker antiepileptics) as
gold standards have strong recommendations as first-line
and long-term treatment for TN [8, 11, 12]. The recom-
mended daily dose is 200-400 mg for CBZ and 300-600 mg
for OXC [13]. The majority (90%) of TN patients responds
well to these drugs [7]. The number needed to treat (NNT)
for CBZ is low (NNT =1.7) [11]. Contrarily, the number
needed to harm (NNH) for CBZ is high (NNT = 24 for severe
side effects and NNT = 3.4 for minor side effects) [11]. The
most common adverse events of CBZ are somnolence, dizzi-
ness, drowsiness, rash, liver damage, hyponatraemia, tremor,
and ataxia [8, 11]. For TN patients who cannot tolerate the
recommended full dose of CBZ or OXC, an add-on treatment
with lamotrigine or baclofen can be advised [14]. BONTA
represents a third-line treatment option for treating TN [2, 8].

Surgical therapeutic possibilities include microvascular
decompression (MVD), gamma knife radiosurgery, glycerol
rhizolysis, internal neurolysis, and radiofrequency thermo-
coagulation. MVD is the first choice for drug-refractory TN
patients with neurovascular contact. Around 73% of patients

still report significant pain relief five years after MVD
treatment [11].

2.2. Chronic NP after Peripheral Nerve Injury. This type of
pain originates from peripheral nerve lesions and can be
recurrent or persistent [4]. Based on the latest classifica-
tion, “chronic NP after peripheral nerve injury” is a
third-level diagnosis of the “chronic NP” group and can
also be derived from “chronic posttraumatic pain,” an
additional parent [4, 15]. In addition, many disorders listed
in the “chronic postsurgical pain” category can be associated
with neuropathic component.

2.2.1. Chronic Postsurgical Pain Disorders with Neuropathic
Component. Chronic postsurgical pain develops after a surgi-
cal procedure. Disorders related to this special pain type are
the following: chronic pain after amputation, chronic pain
after spinal surgery, chronic pain after thoracotomy, chronic
pain after breast surgery, chronic pain after herniotomy,
chronic pain after hysterectomy, and chronic pain after
arthroplasty [15]. Most of these conditions associate with
neuropathic components in about half of the patients, which
is reflected also by their therapeutic options.

(1) Chronic Pain after Amputation. By definition, chronic
pain after amputation means that the pain developed after
surgical amputation of a body part (e.g., limb, breast, tongue,
teeth, genitalia, eye, or rectum) [15]. The most common
localization of chronic pain after amputation is the distal part
of the amputated limb (i.e., stump or phantom limb pain).
The prevalence of phantom limb pain is between 30 and
85% [16, 17]. Pharmacological treatment of phantom limb
pain is still unresolved, based on a recent Cochrane meta-
analysis [18]. The suggested pharmacons are N-methyl-D-
aspartate (NMDA)-receptor antagonists (e.g., ketamine and
memantine), gabapentinoids (i.e., gabapentin and pregaba-
lin), TCAs (e.g., amitriptyline), and opioids [18, 19].

(2) Chronic Pain after Spinal Surgery (Failed Back Surgery
Syndrome (FBSS)). The location of this type of pain is the site
of the operation or it can radiate to the lower extremities with
neuropathic component [15, 20]. This chronic NP develops
in an average of 20% of patient who underwent lumbar spinal
surgery [15]. From therapeutic perspective, nonsteroidal
anti-inflammatory drugs (NSAIDs) have only limited effect;
however, the efficacy of gabapentin or pregabalin has already
been proved in this type of chronic pain [20]. CBT-based
treatment has also been reported to decrease postsurgical
pain intensity [21]. In addition, spinal cord stimulation, as
a nonpharmacological treatment option, has shown benefi-
cial results as well [7, 20].

(3) Chronic Pain after Thoracotomy. It is defined as a pain
after surgical incision to the chest wall. The prevalence of this
type of chronic pain is about 50% of postthoracotomy
patients, whereas about one-third develops neuropathic
component as well. Optimal preemptive analgesia may give
a chance to reduce this high rate [22]. As pharmacological
treatment, gabapentin and pregabalin have shown a



beneficial effect. As nonpharmacological treatment, neurax-
ial blockade or continuous paravertebral or epidural catheter
can also be used [22].

(4) Chronic Pain after Breast Surgery. Surgical procedures in
the breast area lead to the development of chronic pain in
some 25-60% of the cases [15]. From pharmacological point
of view, amitriptyline, gabapentinoids, venlafaxine, and
topical capsaicin cream, whereas as a surgical method,
autologous fat grafting have shown a significant effect in pain
alleviation [23, 24].

(5) Chronic Pain after Herniotomy. This type of chronic pain
originates from the surgical repair of an inguinal or femoral
hernia. Around 20-30% of the operated patients develop
chronic pain, and some 80% of these cases suffer from neuro-
pathic pain [15]. The treatment of postherniotomy chronic
pain is not yet solved. Based on a systematic review, pulsed
radiofrequency ablation as an invasive pain treatment
technique can relieve chronic postherniotomy pain [25].

(6) Chronic Pain after Hysterectomy. It can occur after the
surgical (open transabdominal, laparoscopic, or transvagi-
nal) removal of the uterus and the annexes. This type of
chronic pain affects 5-32% of the operated women, with
neuropathic component being present in 5-50% of the cases
[15, 26]. Underlying the relevance of this condition, it is
estimated that 1 out of 9 women undergoes hysterectomy
in the USA [27]. Proper acute pain management during/after
hysterectomy may influence the development of this postsur-
gical chronic pain [28].

(7) Chronic Pain after Arthroplasty. Following surgical
replacement of a knee or hip joint, chronic NP develops in
some 27-38% of the operated patients [15]. Novel surgical
techniques and adequate perioperative pain management
give a chance to reduce the risk of the development chronic
pain after knee arthroplasty [29]. A multimodal approach
of perioperative pharmacological management includes the
administration of NSAIDs, acetaminophen, corticosteroids,
clonidine, ketamine, gabapentin, or pregabalin [29, 30].

2.2.2.  Chronic Posttraumatic Pain  Disorders  with
Neuropathic Component. These types of pain disorders
develop after traumatic or burn injury of tissues, in partic-
ular, chronic pain after burn injury, chronic pain after
peripheral or central nervous system injury, whiplash
injury-associated pain, and chronic pain after musculoskele-
tal injury. After polytrauma, the frequency of the develop-
ment of chronic pain is 46-85% [15]. In the treatment of
this painful condition, pregabalin has shown strong efficacy,
according to the latest Cochrane Database conclusion [31].

(1) Chronic Pain after Burn Injury. The background of this
pain condition is multicausal (heat, cold, electricity, chemi-
cal, friction, or radiation injuries). Its prevalence is around
18-52% [15]. Neither pharmacological nor nonpharmacolo-
gical therapies are well established [32]. A recently published
retrospective cohort study concluded that early gabapentin
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administration for chronic pain after burn injury did not sig-
nificantly diminish the pain intensity [33]. In the treatment
of complex regional pain syndrome (CRPS), a condition
caused by scarring after burn injury, the administration of
calcitonin, bisphosphonates, mirror visual feedback
treatment, and sympathetic ganglion blockade can be recom-
mended with high levels of evidence [34]. CRPS can also
result from trauma of the extremities. There are two
subtypes: CRPS I and II. In CRPS I, there is no peripheral
nerve injury, whereas in CRPS II, peripheral nerve injury is
required for the diagnosis [35].

(2) Chronic Pain after Peripheral Nerve Injury. In addition to
be a subclass of “chronic posttraumatic pain” [15], a
subgroup of this condition that is associated with NP, i..,
“chronic NP after peripheral nerve injury” is in fact the
parent of all pain conditions that are associated with periph-
eral NP, due to the novel multiple parenting classification
system [4]. TCAs were found efficient in the treatment of this
subtype of chronic pain [36]. In a case series of patients
with therapy-resistant brachial plexus lesion that leads to
chronic posttraumatic NP, peripheral nerve stimulation
was effective [37].

2.3. Painful Polyneuropathy. Painful polyneuropathy is one
of the most common chronic NP conditions. It is a heteroge-
neous group of NP and can be divided into diabetic and
nondiabetic groups (including nondiabetic metabolic,
autoimmune, infective (especially due to Human Immuno-
deficiency Virus (HIV) infection), toxic, genetic, and drug-
induced) [4].

Based on data from epidemiological studies, the preva-
lence of painful diabetic polyneuropathy (PDP) is variable,
ranging from 14.1% to 65.3% [38]. Due to its high frequency,
PDP was the prototype disorder for the development of anti-
NP therapeutic strategies. The first-line drugs in PDP as
recommended by different international therapeutic guide-
lines are the following: duloxetine, gabapentin, pregabalin,
TCAs (amitriptyline), and venlafaxine ER (extended release)
[12, 39, 40]. Cochrane meta-analyses concluded that
gabapentin, pregabalin, and duloxetine are effective for pain
relief in PDP [31, 41, 42]. The second-line recommended
pharmacons are opioids [12] and capsaicin (8%) patch [2].
The high-concentration (8%) capsaicin patch provided better
pain relief than that with a substantially lower concentration
in PDP patients [31]. BONTA injection is recommended as a
third-line treatment in PDP [2]. As regards OXC, a Cochrane
meta-analysis concluded that it had little evidence for effec-
tiveness in PDP [43]. Similarly, a systematic analysis demon-
strated that oxycodone had only very low-quality evidence to
be effective in PDP [44].

As a nondiabetic painful polyneuropathy, the prevalence
of HIV-related painful neuropathy is around 35% in HIV-
positive patients and it is up to 50% of patients with Acquired
Immune Deficiency Syndrome (AIDS) [17]. In the treatment
of HIV-associated painful neuropathy, topical capsaicin (8%)
patch is recommended as first-line pharmacological therapy
[12]. A recent Cochrane review analysing the efficacy of preg-
abalin in HIV-related neuropathy revealed ineffectiveness
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[31]. The high-concentration (8%) capsaicin patch provided
better pain relief than that with a substantially lower concen-
tration in HIV-related painful neuropathy [45].

2.4. Postherpetic Neuralgia. Postherpetic neuralgia (PHN) is
defined as a chronic pain lasting more than 3 months that
developed secondary to varicella zoster virus infection.
PHN involves the dermatomes innervated by the affected
cranial nerve or spinal dorsal root ganglions [4]. PHN
develops in about 10% of infected patients; however, the risk
of development increases with age, with 20% of patients over
the age of 65 and 30% of those over the age of 80 developing
PHN after zoster [46]. As first-line treatment for PHN,
gabapentin, pregabalin, TCAs, and lidocaine plaster are
recommended [12]. A Cochrane meta-analysis concluded
that gabapentin was effective for pain relief in PHN [41].
Regarding pregabalin, the Cochrane Database also confirmed
its efficacy in PHN [31]. For second- or third-line treatment
options, capsaicin (8%) patch or opioids are recommended
[12]. The high-concentration (8%) capsaicin patch provided
better pain relief than that with a substantially lower concen-
tration of capsaicin in PHN patients [45]. A systematic meta-
analysis demonstrated that oxycodone, as a strong opioid,
had only very low-quality evidence to be useful in providing
pain relief in PHN [44]. BONTA injection is recommended as
a third-line treatment in PHN [2].

2.5. Painful Radiculopathy. By definition, painful radiculopa-
thy is a pain that originates from a lesion or disease of the
cervical, thoracic, lumbar, or sacral nerve roots [4].

A large clinical study revealed that the majority (54.7%)
of patients suffering from chronic low back pain with radicu-
lopathy have neuropathic component [47]. Other authors in
Western European countries estimated this ratio to be some-
where between 20% and 35% [48, 49]. For patients suffering
from painful cervical or lumbar radiculopathy with neuro-
pathic component, pregabalin has been shown to be effective
by certain studies [47, 50]. However, a recent randomized
controlled trial (RCT) investigating the effect of pregabalin
in patients with acute and chronic sciatica reported that
pregabalin had no benefit [51]. Based on a literature review,
gabapentin and nortriptyline diminished the intensity of
cervical or lumbar radicular chronic pain [52]. A recent
comprehensive review suggested TCAs and SNRIs (e.g.,
duloxetine and venlafaxine) for treatment of chronic low
back pain with neuropathic component [53]. A Cochrane
meta-analysis revealed that OXC in NP related to radiculopa-
thy had little evidence for effectiveness [43].

3. Chronic Central NP

Chronic central NP is caused by a lesion or disease of the
central somatosensory nervous system. It can be related to
spinal cord or brain injury, stroke, or MS [4].

3.1. Chronic Central NP Associated with SCI. By definition,
chronic central NP associated with SCI is caused by a lesion
or disease of the somatosensory pathway in the spinal cord
[4]. This condition can also be derived from the “chronic

pain after spinal cord injury” category, referring to patients
who have neuropathic component as well [15].

The prevalence of chronic pain after SCI is estimated to
be between 40% and 70% [17]. Reflecting the high rate of
patient with NP within this group, first-line pharmacological
treatments recommended by the European therapeutic
guideline for chronic pain after SCI include drugs with
antineuropathic potential, such as gabapentin, pregabalin,
and TCAs [12, 36]. A randomized, double-blind, placebo-
controlled trial (n=40 patients) revealed that BoNTA
injection was effective in pain relief compared to placebo in
intractable chronic NP in patients after SCI [54, 55]. Regard-
ing nonpharmacological interventions, exercise programme
led to mean reduction in pain intensity, whereas repetitive
transcranial magnetic stimulation (rTMS), acupuncture,
self-hypnosis, TENS, and CBT provided no evidence of
efficacy in alleviating SCI-related chronic pain. Overall, based
on the data of clinical trials, evidence regarding the efficacy of
nonpharmacological treatments in chronic pain after SCI is
not sufficient [56].

3.2. Chronic Central NP Associated with Brain Injury. By
definition, chronic central NP associated with brain injury
is caused by a lesion or disease of the somatosensory areas
of the brain [4]. This pain condition can also be derived from
“chronic pain after brain injury” category, referring to
patients with neuropathic component [15].

The estimated global yearly incidence of traumatic brain
injury (TBI) is 106/100,000 capita, whereas it is around
600/100,000 capita in the case of mild TBI [57, 58]. Some
13 million people is estimated to live with disabilities related
to TBI in Europe and the USA [59]. The most common pain
type related to mild TBI is headache, with a prevalence of
57.8%. Other frequent pain forms include neck or back pain
and musculoskeletal pain [60].

Effective pain treatment after TBI may reduce the risk for
pain chronification. For TBI-related chronic pain, topical
agents, opioids (e.g., tramadol), anticonvulsants (gabapentin
and pregabalin), and TCAs are recommended. Nerve block-
ades and epidural steroid administration may also be useful
[61]. Patients with mild TBI who were treated with rTMS
demonstrated significantly diminished pain intensity (as
estimated by Numerical Rating Scale (NRS) and elevated
physical and mental item scores of the Short-Form- (SE-)
36 questionnaire compared to the control group) [62].
Psychological distress and posttraumatic stress are often
associated with TBI-related chronic pain. Different psycho-
therapeutic methods can be beneficial. In addition, long-
term rehabilitation should be offered for these patients [63].

3.3. Chronic Central Poststroke Pain (CPSP). Poststroke pain
involves neuropathic and nociceptive mechanisms. The
neuropathic mechanism occurs in patients who have
thalamic or parietal lobe vascular lesion predominantly in
the right hemisphere [4, 64]. The prevalence of CPSP is
estimated to be between 8% and 30%, with a predominance
in young stroke patients (being twice as frequent as in older
patients) [17, 64, 65]. Typical features of CPSP are constant
or intermittent pain, hyperalgesia, and allodynia [64, 66].



Treating CPSP is a big challenge for physicians. Management
of CPSP includes both pharmacological and nonpharmaco-
logical treatment options. The analyses of the efficacy of
pharmacological treatments in CPSP concluded that TCAs
(amitriptyline) may have some beneficial effect. The effec-
tiveness of antiepileptics (such as CBZ, gabapentin, lamotri-
gine, levetiracetam, or pregabalin) in the treatment of CPSP
is still highly questionable. The above drugs can also be used
in combinations. The role of opioids and anaesthetics in the
management of CPSP is still under debate [64-67].

Nonpharmacological treatment in CPSP includes neuro-
stimulatory techniques (such as motor cortex stimulation,
deep brain stimulation (DBS), rTMS, and psychotherapy
(e.g., CBT)). The data of these therapeutic approaches is still
inconclusive due to the lack of well-designed RCT's [64-67].
Until now, the main limitation of motor cortex stimulation
is the relatively low number of the treated patients. In addi-
tion, the efficacy of motor cortex stimulation depends on
the accurate placement of the stimulation electrode. The
findings regarding the effect of DBS in CPSP patients are also
variable [64-67]. The results about the effectiveness of rTMS
in CPSP are disappointing [64-67].

Overall, there is no clear evidence about the efficacy of
either pharmacological or nonpharmacological therapeutic
options in CPSP patients.

3.4. Chronic Central NP Associated with MS. The origin of NP
in MS depends on the localization of the lesion in the somato-
sensory system. Pain related to spasticity in MS should be
distinguished from NP, and it is a member of the subclass of
musculoskeletal pain [4]. The prevalence of NP in MS is esti-
mated to be around 23% [17]. There are no MS-specific
recommendations for the pharmacological treatment of MS-
associated chronic NP. Among the available medications,
TCAs (e.g., amitriptyline), gabapentinoids (i.e., gabapentin
and pregabalin), and SNRIs (e.g., venlafaxine and duloxetine)
can be administered. In the case of MS-associated TN, CBZ or
OXC is recommended [68, 69]. The medical use of cannabi-
noids (e.g., tetrahydrocannabinol (THC)/cannabidiol (CBD)
oromucosal spray) in chronic central NP associated with MS
might be beneficial, but generally, it is still a controversial
issue due to their inconsistent results regarding their efficacy
and numerous side effects [2, 12, 70, 71]. Regarding neuro-
modulation in MS-related NP, the following techniques seem
to have promising effects: intrathecal baclofen, functional
electrical stimulation, DBS, and spinal cord stimulation
[72]. Regarding nonpharmacological interventions, includ-
ing TENS, psychotherapy (e.g., telephone self-management
or hypnosis), transcranial random noise stimulation, trans-
cranial direct current stimulation (tDCS), hydrotherapy,
and reflexology, there is at present a very low level of
evidence to support their use in patients with chronic MS-
related NP, based on a recent Cochrane meta-analysis [73].

4. Therapeutic Approaches for NP

Treatment options for NP can be divided into pharmacolog-
ical and nonpharmacological (e.g., interventional, physical,
and psychological therapies) approaches.
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4.1. Pharmacological Therapeutic Options for NP. The
therapeutic drug regimen for NP includes TCAs, SNRIs, anti-
epileptics, opioid analgesics, topical agents, and other drugs.
We give the quality of evidence and the strength of recom-
mendation of these pharmacons based on the Grading of
Recommendation, Assessment, Development and Evaluation
(GRADE) system [74] (Table 3).

4.1.1. First-Line Pharmacological Treatments for NP. Among
TCAs, amitriptyline (10-150 mg/day) is recommended as a
first-line drug in the treatment of all NP conditions with
strong recommendation based on moderate quality of
evidence [2, 12, 13, 36, 74, 75]. Its major side effects are
related to its anticholinergic effects (i.e., dry mouth, constipa-
tion, urinary retention, and orthostatic hypotension) [17, 36].

From the wide group of antiepileptics, gabapentinoids,
such as gabapentin/gabapentin ER/enacarbil (1200-
3600 mg/day tid) and pregabalin (300-600 mg/day bid),
are the first-choice drugs in the treatment of all types
of NP with strong recommendation based on high quality
of evidence [2, 12, 13, 36, 74]. Regarding the latest Cochrane
conclusion, the evidence for the efficacy of pregabalin in
central NP is insufficient [31]. The major side effects of
gabapentinoids are dizziness, sedation, and peripheral
swelling [17, 36].

CBZ (200-400 mg/day) and OXC (300-600 mg/day) are
recommended for TN [12, 76].

From the SNRI group, venlafaxine (150-225mg/day
once a day) and duloxetine (60-120mg/day once a day)
are the first-choice drugs with strong recommendation
based on high quality of evidence for all NP conditions
[2, 12, 13, 36, 74]. The most common side effect of SNRIs
is nausea [17, 36].

4.1.2. Second-Line Drug Treatments for NP. The opioid
analgesics tramadol/tramadol ER (200-400 mg/day bid)
and tapentadol (50-600 mg/day) are second-choice drugs
with weak recommendation based on moderate quality of
evidence for all types of NP [2, 12, 13, 36, 74]. The most
common side effects of opioids are nausea, vomiting, and
constipation [36].

Regarding topical agents, lidocaine (5%) plaster and
capsaicin (8%) patch are recommended as second-choice
drugs in the treatment of peripheral NP. Lidocaine patches
have weak recommendation based on low quality of
evidence, whereas capsaicin patches have weak recommen-
dation based on high quality of evidence in the case of
peripheral NP. [2, 12, 13, 36, 74]. The main side effects of
these topical agents are erythema and itching [36].

4.1.3. Third-Line Drug Treatments for NP. The strong
opioids, morphine (10-120mg/day) and oxycodone (10-
120 mg/day), are recommended as third-line pharmacother-
apeutic options with weak recommendation based on
moderate quality of evidence for all NP conditions. The
neurotoxin, BONTA subcutaneously (50-200IU BoNTA in
0.9% saline every three months), is a third-choice treatment
option with weak recommendation based on low quality of
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TaBLE 3: Pharmacological therapeutic options for neuropathic pain.

Recommended

Indications Side effects Comments Ref.
dosage
First-line drugs
T Dry mouth, constipation, . . ) (2,12,
TCAs All types of  Amitriptyline: urinary retention, orthostatic Moderate quality of ev1c.1ence, 13, 36,
NP 10-150 mg/day . strong recommendation
hypotension 74]
Gabapentin:
All types of 300- Dizziness, sedation High quality of evidence; 2,12,
Gabapentinoids NP 3600 mg/day eri hera)l swellin , stron recommendation’ 13, 36,
Pregabalin: 150- perp 8 8 74]
600 mg/day
Duloxetine: 20- 2, 12
SNRIs All types of 120 mg/(liay Nausea High quality of ev1der.1ce; 13, 36,
NP Venlafaxine: strong recommendation 74]
150-225 mg/day
. Carbamazepine:
égzllicl?rrrllvil(l)lrslants Trigeminal 200-400mg/day  Sedation, hepatotoxicity, GRADE recommendation is E}’ ;é’
channel blockers) neuralgia  Oxcarbazepine: hyponatraemia not applicable 7’ 4] >
300-600 mg/day
Second-line drugs
Tramadol: 25- 2, 12
- All types of 400 mg/day Nausea, vomiting, Moderate quality of evidence; S
Weak opioids L. . 13, 36,
NP Tapentadol: 50- constipation weak recommendation 74]
600 mg/day
Lidocaine (5%) Lidocaine (5%) plaster: low quality of 2,12
. Peripheral plaster 1 evidence; weak recommendation; capsaicin L
Topical agents NP Capsaicin (8%) Erythema, itching (8%) patch: high quality of evidence; weak 137’ 4?]6’
patch recommendation
Third-line drugs
Morphine: 10- 2,12
Strong opioids All types of 120 mg/day Nausea, ‘von}ltlng, Moderate quality of ev1‘dence; 13, 36,
NP Oxycodone: 10- constipation weak recommendation 74]
120 mg/day
Peripheral Botulinum toxin Low quality of evidence; 2,12,
Neurotoxin Pain at injection site L7 13, 36,
NP type A weak recommendation 74]

Abbreviations: NP = neuropathic pain; SNRI = serotonin norepinephrine reuptake inhibitor; TCA = tricyclic antidepressant.

evidence for peripheral NP [2, 12, 13, 36, 74]. The main side
effect of BONTA treatment is pain at injection site [36].

4.1.4. Other Therapeutic Options in the Pharmacological
Treatment of NP. The role of cannabis-based medicines
(herbal cannabis, plant-derived, or synthetic THC or
THC/CBD oromucosal spray) in chronic NP conditions has
not yet been established, as their potential benefits and harms
are not clear [77]. Oromucosal cannabinoids might have a
beneficial effect in MS-related central NP and in peripheral
NP with allodynia [2]. The effect of herbal medicinal prod-
ucts (e.g., nutmeg or St. John’s wort) is still controversial
according to a recent Cochrane review [78].

4.2. Nonpharmacological Therapeutic Options for NP. This
category includes interventional, physical, and psychological
therapies.

4.2.1. Interventional Therapies for NP. Interventional treat-
ments in different types of NP management include nerve
blockades, epidural steroid injections, radiofrequency
neuroablation, and intrathecal drug delivery as minimally
invasive procedures, and peripheral and central neurostimu-
latory techniques (Table 4). Interventional treatments are
indicated in intractable NP cases.

(1) Peripheral Nerve Blockades. The target of peripheral nerve
blockades varies, depending on the affected peripheral
nerves. The injected medications are local anaesthetics or
their combination with opioids, clonidine, or steroids. The
efficacy of peripheral nerve blockades in NP is still inconclu-
sive [2, 79, 80].

(2) Epidural Steroid Injection. The efficacy of epidural
corticosteroid (e.g., methylprednisolone, triamcinolone,
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TasLE 4: Nonpharmacological therapeutic options for neuropathic pain.

Indications Comments Ref.
Interventional therapies
Local anaesthetics or combination with (2,
Nerve blockade Drug-refractory NP opioids, clonidine, or steroids; inconclusive 79,
recommendation 80]
Methylprednisolone, triamcinolone, 2
. . S . . betamethasone, dexamethasone; moderate ’
Epidural corticosteroid injection Drug-refractory painful radiculopathy quality of evidence; weak strength of ;gi
recommendation
2,
Sympathetic nerve/ganglion treatment Intractable NP Blockade, neurolysis, or neuroablation 79-
81]
2,
Intrathecal drug delivery Drug-resistant NP Morphine, ziconotide 2(2)’
83]
. . . . . [84-
Peripheral nerve/field stimulation Intractable low back pain Subcutaneous application 87]
Transcutaneous electrical nerve stimulation . [87-
(TENS) Intractable NP Very low level of evidence 89]
Dorsal root ganglion stimulation Drug-refractory CRPS .and causalgia of High level of evidence (87,
the lower limb 91]
Drug-refractory painful diabetic (80
. . . neuropathy, truncal PHN, SCI- . ’
Spinal cord stimulation (SCS) associated NP, CPSP, FBSS with Weak recommendation ;3;],
radiculopathy, CRPS I and II
Epidural motor cortex stimulation Intractable NP Weak recommendation [9827]’
Repetitive transcranial magnetic stimulation Intractable NP Weak recommendation (87,
(rTMS) of the primary motor cortex 92]
Transcranial direct current stimulation . (87,
(tDCS) of the primary motor cortex Intractable NP Weak recommendation 92]
Deep brain stimulation (DBS); repetitive
transcranial magnetic stimulation (rTMS) of (87
the dorsolateral prefrontal cortex; Intractable NP Inconclusive 92]’
transcranial direct current stimulation
(tDCS) of the dorsolateral prefrontal cortex
Transcranial direct current stimulation Intractable spinal cord injury-associated Inconclusive (87,
(tDCS) of the primary motor cortex NP 92]
Physical therapies
Heat and cold applications, fluidotherapy,
whirlpool, massage, ultrasound, short-wave Spinal cord injury-associated NP,
diathermy, low-frequency currents (e.g., chronic postsurgical pain, painful .
TENS, diadynamic currents and radiculopathies, and painful diabetic Inconclusive (93]
interferential currents), high-voltage neuropathy
galvanic stimulation, laser
Rehabilitation techniques (relaxation Spinal cord injury-associated NP, B
techniques, acupuncture, mirror therapy, phantom pain, CRPS, and chronic Not well-established 93]
graded motor imagery, visual illusion) poststroke NP
Exercise training All types of NP Beneficial effect [94]
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TaBLE 4: Continued.
Indications Comments Ref.
Exercise t}}erapy combined with Painful diabetic neuropathy Moderate effect [95]
psychological therapy
Psychological therapies
Chronic NP; painful diabetic Effective in improving mood and [2,
Cognitive behavioural therapy (CBT) neuropathy, cancer-associated NP, HIV-  catastrophizing outcomes; good practice 96,
associated NP point 101]
Internet-delivered psychological therapies Nonheadache chronic pain Similar effect to that (?f conventiona ! face- [97]
to-face psychological intervention
Chronic phantom limb pain, spinal cord
Hypnosis injury-related NP, and multiple Low level of evidence [101]

sclerosis-associated NP

Abbreviations: CRPS = complex regional pain syndrome; HIV = human immunodeficiency virus; NP = neuropathic pain.

betamethasone, or dexamethasone) injection for the
treatment of painful radiculopathy is still debated, with the
strength of recommendations ranging from weak to strong,
and the quality of evidence is moderate [2, 79, 80]. Further
studies are needed to clarify these inconsistent findings.

(3) Sympathetic Nerve or Ganglion Treatments. Sympathetic
nerve or ganglion treatments can be performed by means of
blockade, neurolysis, or ablation. The strength of recommen-
dation of the sympathetic nerve block in the treatment of
CRPS is inconclusive, and the quality of evidence is low. In
truncal PHN, the strength of recommendation for sympa-
thetic nerve blockades is against and the quality of evidence
is moderate [2, 79-81].

(4) Intrathecal Drug Delivery. To date, only two medications
(morphine and ziconotide) are applicable as intrathecal pain
therapies for different types of chronic NP (e.g., truncal PHN,
PDN, SCI, FBSS with radiculopathy, and CRPS). Well-
designed clinical trials are still lacking. The strength of the
recommendations in all of them is inconclusive, and the
quality of evidences is low [2, 80, 82, 83].

(5) Neurostimulation. Neurostimulation is a nonpharmaco-
logical technique for the alleviation of NP. It can be divided
into peripheral or central, and noninvasive or invasive neuro-
stimulatory techniques. In the past years, several clinical
studies have been published in this field. The diverse results
of these studies have been evaluated by the GRADE system
[2, 80, 82, 83].

(a) Peripheral Neurostimulation

(i) Peripheral Nerve/Field Stimulation. Peripheral ner-
ve/field stimulation (subcutaneous) was effective in
chronic and intractable low back pain [84-87]

(ii) TENS. The Cochrane systematic analyses concluded
that the quality of evidence regarding the usefulness
of TENS in the treatment of NP is very low [87-89]

(iii) Dorsal root ganglion (DRG) stimulation. A long-
term, one-year outcome study revealed that DRG
stimulation was effective in chronic NP; the pain
was diminished by 56% at 12 months after the
implantation of the leads [90]. A recent literature
review has reported that the usefulness of DRG stim-
ulation is supported by a high level of evidence. DRG
stimulation was superior to spinal cord stimulation
(SCS) in alleviating NP in CRPS and causalgia of
the lower limb [87, 91]

(b) Central Neurostimulation. As regards the usefulness
of central neurostimulatory techniques in intractable
different NP conditions, weak recommendations
could be established for SCS, epidural motor cortex
stimulation, rTMS of primary motor cortex, and
tDCS of primary motor cortex [87, 92]. Inconclusive
results were found for DBS, rTMS of the dorsolateral
prefrontal cortex, and tDCS of the dorsolateral
prefrontal cortex in NP and for tDCS of the primary
motor cortex in SCI-associated NP [87, 92]. SCS has
been studied in different types of drug-refractory NP.
Based on the GRADE classification, the strength of
recommendations of SCS in truncal PHN, PDN,
CRPS 11, SCI-associated NP, and CPSP are inconclu-
sive and quality of evidences are low. In FBSS with
radiculopathy and CRPS I, the strength of recom-
mendation for SCS is weak, and the quality of
evidence is moderate [80]

4.2.2. Physical Therapies for NP. Physical therapies are
optional add-on possibilities, when pharmacological treat-
ment options do not yield not satisfactory results.

There are numerous physical therapy modalities which
can be applicable in NP, including the following: heat and
cold applications, fluidotherapy, whirlpool, massage,
ultrasound, short-wave diathermy, low-frequency currents
(such as TENS, diadynamic currents, and interferential
currents), high-voltage galvanic stimulation, and laser. These
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techniques have been investigated in different types of NP
such as SCI, chronic postsurgical pain, radiculopathies, and
PDP; however, the results are still inconclusive [93]. Regard-
ing rehabilitation techniques of NP patients, relaxation
techniques, acupuncture, mirror therapy, graded motor
imagery, and visual illusion can be used in the management
of different forms of NP, including SCI-associated NP, phan-
tom pain, CRPS, and CPSP [2, 93]. Exercise training might be
beneficial in the treatment of peripheral NP patients [94]. A
systematic review revealed that exercise therapy combined
with psychological therapy (such as mindfulness meditation,
CBT, and mindfulness-based stress reduction), aerobic
exercise (e.g., walking), and Thai Chi (as a strength-stability
exercise) showed a moderate effect on the physical activity
and quality of life in patients of PDP [95].

4.2.3. Psychological Treatments for NP. One of the main aims
of psychological treatments in chronic pain conditions
(including chronic NP) is to diminish the intensity of pain,
distress, and disability and to improve mood. CBT, but not
behavioural therapy, has a weak effect in alleviating chronic
pain; it has a small effect on disability; however, it is effective
in improving mood and catastrophizing outcomes [2, 96].
Internet-delivered psychological therapies in nonheadache
chronic pain patients showed a tendency to reduce pain,
disability, depression, and anxiety. This new method showed
a similar effect to that of the conventional face-to-face
psychological intervention [97]. In chronic NP conditions
in adults, well-designed clinical studies of psychological
treatments are lacking. Two small clinical trials on CBT
and psychotherapy demonstrated insufficient evidence con-
cerning its efficacy and safety in chronic NP [98]. In burning
mouth syndrome (BMS) with neuropathic component, a
chronic primary pain condition, cognitive psychotherapy
has a role in the management [99]. Based on the latest
Cochrane systematic review evaluating the treatment in
BMS, there was no RCTs assessing psychological therapies
that evaluated short-term pain relief, whereas the evidence
for the efficacy of psychological therapies in BMS patients
to provide long-term symptom relief is of very low quality
[100]. Hypnosis was given low grades of recommendations
in the treatment of chronic phantom limb pain, SCI-related
NP, and MS-associated NP. The recommendation of CBT
in PDP and NP associated with cancer or HIV patients was
graded as a good practice point (GPP) [101].

5. Conclusion

The peripheral and central NP conditions have high preva-
lence and have a deep impact on the quality of life of the
patients. Alleviating this devastating pain condition is
challenging for healthcare professionals. The novelty of this
present review is the integration of the latest IASP classifica-
tion of chronic pain with the International Classification of
Diseases (ICD-11), first in the literature. Overviewing the last
10 years of relevant literature, we highlight that there are no
specific drugs for the treatment of either peripheral or central
NP. In this field, a major improvement is that the Neuro-
pathic Pain Special Interest Group (NeuPSIG) of the IASP
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has developed a grading system in order to guide drug selec-
tion for the good clinical practice. A real breakthrough
regarding nonpharmacological therapeutic options for NP
conditions in the last decade is that clinical trials have been
conducted, meta-analyses have been published, and guide-
lines have been released.

In the near future, the development of personalized and
NP subtype-specific treatments are needed. In intractable
NP cases, invasive nonpharmacological therapeutic options
can be chosen; however, further high-quality clinical trials
are necessary.
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