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Dissecting central post-stroke pain:
a controlled symptom-psychophysical
characterization

Luciana Mendonca Barbosa,' Valquiria Aparecida da Silva,'

Anténia Lilian de Lima Rodrigues,' Diego Toledo Reis Mendes Fernandes,'
Rogério Adas Ayres de Oliveira,' Ricardo Galhardoni,' Lin Tchia Yeng,I
Jefferson Rosi junior',I Adriana Bastos Conforto,2 Leandro Tavares Lucato,
Marcelo Delboni Lemos,® Roland Peyr'on,4 Luis Garcia-Larrea,* Manoel Jacobsen Teixeira'?
and ®Daniel Ciampi de Andrade'”

3

Central post-stroke pain affects up to 12 % of stroke survivors and is notoriously refractory to treatment. However, stroke patients often
suffer from other types of pain of non-neuropathic nature (musculoskeletal, inflammatory, complex regional) and no head-to-head
comparison of their respective clinical and somatosensory profiles has been performed so far. We compared 39 patients with definite
central neuropathic post-stroke pain with two matched control groups: 32 patients with exclusively non-neuropathic pain developed
after stroke and 31 stroke patients not complaining of pain. Patients underwent deep phenotyping via a comprehensive assessment in-
cluding clinical exam, questionnaires and quantitative sensory testing to dissect central post-stroke pain from chronic pain in general
and stroke. While central post-stroke pain was mostly located in the face and limbs, non-neuropathic pain was predominantly axial and
located in neck, shoulders and knees (P < 0.05). Neuropathic Pain Symptom Inventory clusters burning (82.1%, n=32, P <0.001),
tingling (66.7%, n=26, P <0.001) and evoked by cold (64.1%, n=25, P <0.001) occurred more frequently in central post-stroke
pain. Hyperpathia, thermal and mechanical allodynia also occurred more commonly in this group (P < 0.001), which also presented
higher levels of deafferentation (P < 0.012) with more asymmetric cold and warm detection thresholds compared with controls. In par-
ticular, cold hypoesthesia (considered when the threshold of the affected side was <41% of the contralateral threshold) odds ratio (OR)
was 12 (95% CI: 3.8-41.6) for neuropathic pain. Additionally, cold detection threshold/warm detection threshold ratio correlated with
the presence of neuropathic pain (p = —0.4, P < 0.001). Correlations were found between specific neuropathic pain symptom clusters
and quantitative sensory testing: paroxysmal pain with cold (p = —0.4; P = 0.008) and heat pain thresholds (p = 0.5; P=0.003), burn-
ing pain with mechanical detection (p =—0.4; P=0.015) and mechanical pain thresholds (p = —0.4, P <0.013), evoked pain with
mechanical pain threshold (p = —0.3; P =0.047). Logistic regression showed that the combination of cold hypoesthesia on quantitative
sensory testing, the Neuropathic Pain Symptom Inventory, and the allodynia intensity on bedside examination explained 77% of the
occurrence of neuropathic pain. These findings provide insights into the clinical-psychophysics relationships in central post-stroke pain
and may assist more precise distinction of neuropathic from non-neuropathic post-stroke pain in clinical practice and in future trials.
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CDT = cold detection threshold; CPM = conditioned pain modulation; CPSP = central post-stroke pain; CPT = cold
pain threshold; DN-4 = Douleur Neuropathique Questionnaire-4; HPT = heat pain threshold; IASP = International Association for
the Study of Pain; m-AS = modified-Ashworth spasticity scale; MDT = mechanical detection threshold; MPT = mechanical pain
threshold; MRC =Medical Research Council; mRS=modified Rankin scale; NeuPSIG/IASP =IASP Special Interest Group
on Neuropathic Pain; No-Pain = post-stroke patients without chronic pain; NPSI=Neuropathic Pain Symptoms Inventory;
NRS = numeric rating scale; PDQ =Pain Disability Questionnaire; PPT = pressure pain threshold; PSP-Non = non-neuropathic
post-stroke pain; QST = quantitative sensory testing; QuickDash =shortened disabilities of the arm, shoulder and
hand questionnaire; SEP =somatosensory evoked potential; SF-12 =The Short Form 12-Health Status Questionnaire; SF-MPQ
=Short-form McGill Pain Questionnaire; STCP=numerical pain rating scale for suprathreshold cold stimuli; STHP =
suprathreshold heat pain; STMP = numerical pain rating scale suprathreshold mechanical stimuli; STT = spinothalamic tract;
TP = myofascial trigger points; VDT = vibration detection threshold; WDT = warm detection threshold; WUR = wind up ratio

[ What is central in central pain? }

Comparison between:

Central post-stroke pain (39 patients)
Non-Neuropathic pos-stroke pain (32 patients)
Post-stroke patients without pain (31 patients)

i (':c:\d' hypoesthesia

'ﬁ. .‘f. |/ Odds ratio = 8.1 These three
R factors explained
11} :

ii. Allodynia 77% of the

occurrence of
neuropathic
central post-
stroke pain, a
finding that has
clear diagnostic
potential

— /

Odds ratio = 2.1
N

iii.Neuropathic pain inventory
symptoms

Odds ratio= 1.1

gained from neuroimaging,'>™'® neurophysiology,'”** basic

Introduction

Along with motor, language and coordination deficits, stroke
may also lead to pain in up to 50% of individuals.'"™
Post-stroke pain (PSP) includes several different pain syn-
dromes such as musculoskeletal, spasticity-related, head-
aches, complex regional pain syndrome and central
neuropathic pain (i.e. central post-stroke pain—CPSP). >’
CPSP occurs in 1-12% of stroke patients in general and is
highly refractory to treatments.’ Indeed, a number of medica-
tions® and neuromodulatory approaches”® that have been
shown to relieve pain in peripheral neuropathic pain®'®
have failed to do so in CPSP,'! the mechanisms of which are
poorly understood. Although significant insights have been

studies”* 2% and psychophysics,'®**=? currently no efforts
have been made to integrate a comprehensive clinical charac-
terization of these patients with the concomitant abnormal-
ities of the somatosensory system in a controlled fashion
that includes PSP of non-neuropathic origin, by far the most
common PSP subtype.

Additionally, sensory abnormalities in neuropathic pain
reflect altered mechanisms of nociceptive processing, and
neuropathic pain mechanisms are thought to be diverse with-
in a single disease aetiology.*® So, efforts to define the opti-
mal method to classify patients based on symptoms profile,
bedside examination and quantitative sensory testing
(QST)*! have been made in an attempt not only to diagnose
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neuropathic pain itself, but also to stratify patients who are
more likely to respond to specific therapeutic interven-
tions.*'™*” By doing so, one expects to replace the current
treatment strategies proposing to treat all patients similarly,
which has provided relatively poor symptomatic con-
trol.*** For this aim, studies exploring the relationship
between symptoms and somatosensory loss and gain of
function are required. To date, studies exploring symp-
tom-psychophysics relationships have included mainly pa-
tients with peripheral neuropathic pain,**’° while
symptom-psychophysics correlations in CPSP remain less
common, often without standardized symptom character-
ization’! and with either no control groups or one com-
posed of patients without chronic pain. In order to
dissect CPSP from PSP in general, we have compared a
sample of CPSP patients with non-neuropathic PSP
patients and with stroke patients without chronic pain
matched for sex, age and stroke location. We have evalu-
ated stroke characteristics, neuropathic pain symptoms,
bedside examination and static and dynamic QST across
groups to provide a deep phenotyping of CPSP and
describe potential symptom-QST correlations specific
to CPSP that could be used in the future in preventive or
therapeutic trials.

Materials and methods

This was a controlled cross-sectional study, part of the
Central Pain Initiative Project focused on the assessment
and treatment of central neuropathic pain.'' The present
study aimed to compare pain characteristics and sensory
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profile of CPSPs with two control groups: (i) patients with
non-neuropathic PSP (PSP-Non) and (ii) stroke patients
without chronic pain (No-Pain). The three groups were
matched according to sex, age and stroke area.

Data collection took place at the Hospital das Clinicas,
Faculdade de Medicina da Universidade de Siao Paulo
(HC-FMUSP). It was approved by the Institution’s Ethics
Review Board (No. 690.455). All patients were volunteers
and informed about the procedures and provided written
informed consent before inclusion in the study. No finan-
cial compensation was offered for study participation.
Neuroimaging findings form part of these patients have
been reported elsewhere.’?

According to clinical evaluation and imaging information,
two neurologists trained in pain management and one neuror-
adiologist (L.M.B., J.R.]. and L.T.L.) classified each patient’s
pain syndrome. All cases were confirmed by a board
(D.C.d.A. and M.].T.), and only patients with consensual
pain classifications were included. All participants had suf-
fered an ischaemic or haemorrhagic stroke at least 3 months
before the evaluation was confirmed by imaging (CT or
MRI). Exclusion criteria were major cognitive or language im-
pairments that would compromise filling in questionnaires or
sensory examination (Fig. 1). Also, patients with more than
one stroke needed to have deficits related to only one of the

Assessed for eligibility (n= 62)

CPSP Control I: PSP-Non
Assessed for eligibility (n= 60)

Control II: No-Pain
Assessed for eligibility (n= 50)

!

| l

Excluded (n=23) Excluded (n= 28) Excluded (n=19)
o  CT-scan or a MRI not available (n=4) o  Pain etiology not defined (4) o  Declined to participate (n= 16)
o MRI did not evidence an obvious o  Declined to participate (n=10) o  Patient with paresthesia (n= 2)
stroke lesion (Normal or only with o Chronic pain prior to stroke (n=8) o  Patient with acute pain (n=1)
microangiopathy MRI) (n=9) o  Headache attributed to cerebral
o  Did not meet inclusion criteria for venous thrombosis or Moyamoya
CPSP (n=4) disease (n=3)
o  Declined to participate (n=5) o Peripheral neuropathic pain
Included n= 39 Included n= 32 Included n= 31
Clinical evaluation, pain and functional status assessment
o  Socio-demographic and economic information, medical comorbidity status
o  Medication Quantification Scale
o  Functional status (Barthel index, Modified Rank scale, QuickDash, Pain Disability Questionnaire)
o Patients with chronic pain: pain questionnaire.
o  Physical examination- sensory and musculoskeletal assessment
o Quantitative sensory testing

Figure | STROBE flow diagram of patient recruitment according to pain characteristics. CPSP, central post-stroke pain; PSP-Non,
non-neuropathic post-stroke pain; No-Pain, stroke patients without chronic pain.
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strokes, with a normal examination otherwise (i.e. unilateral
deficits). This granted that mirror areas had no sensory deficits
due to previous strokes. The CPSP sample was composed of
patients consecutively referred to the pain centre by neurolo-
gists or primary care physicians, and fulfilling the following
criteria: (i) definite diagnosis of neuropathic pain according
to the NeuPSIG/International Association for the Study of
Pain (IASP) (IASP Special Interest Group on Neuropathic
Pain) grading system for neuropathic pain®%; (i) occurrence
of de novo pain attributed to a central lesion due to stroke;
(iii) pain characteristics not compatible with other aetiologies
of pain (previous fibromyalgia, migraine, nociceptive pain).’

CPSP patients were compared with two control groups:
(i) PSP that was non-neuropathic in nature (PSP-Non) and
(ii) No-Pain. These groups were recruited from the cerebro-
vascular diseases outpatient clinic from the Department of
Neurology, University of Sdo Paulo. They were matched ac-
cording to sex, age and stroke location (i.e. divided into three
macro-regions: cortical, subcortical and brainstem/cerebel-
lum, by a blinded neuroradiologist).’*

The PSP-Non group. Post-stroke painful symptoms present
most of the days for longer than 3 months with a clear
non-neuropathic aetiology (i.e. muscle spasms, spasticity,
headache, musculoskeletal pain/myofascial pain syndrome,
frozen shoulder), in the absence of concomitant neuropathic
pain according to the IASP/NeuPSIG grading system. The
presence of chronic pain before the stroke was an exclusion
criterion for the PSP-Non group.’

The No-Pain group. Included patients without chronic pain
before or after stroke, and no episode of acute pain (e.g. epi-
sodic headaches) within the 7 days preceding the clinical
evaluation.

Participants were assessed in a single visit. They underwent a
clinical evaluation, which included an analysis of current
symptoms and limitations, and physical examination focused
on sensory musculoskeletal systems. Sociodemographic infor-
mation, medical comorbidity status and medication use were
registered. Concomitantly, functional scores, questionnaires
to evaluate pain, incapacity, mood and catastrophism, were
also filled out as detailed below.

The subsequent scales were employed to assess functional
status:

(a) Barthel index®**®: Quantifies the level of independence,
varies from 0 to 100 (100 is totally independent and 0 is en-
tirely dependent on daily activities).

(b) Modified Rankin scale (mRS)*®°”: Seven-point scale for
functional outcome after stroke anchored at 0 = asymptom-
atic and 6 = death.

L. M. Barbosa et al.

(c) Shortened disabilities of the arm, shoulder and hand ques-
tionnaire (QuickDash)’®: Assesses disability, limitations for
social activities and work, the severity of pain, and the inter-
ference with sleep, related to arm, shoulder and hand symp-
toms (i.e. a 100-point scale; the higher the score, the worse
the upper limb disability.>”

(d) Pain Disability Questionnaire (PDQ)®*®!: It is composed
of two factors: (i) functional status component (maximum
score of 90) and (ii) psychosocial component (maximum
score of 60). The total PDQ score consists of the sum of all
items (maximum score of 150, with higher scores indicating
more severe disability).

The following questionnaires were used to assess pain in the
CPSP and PSP-Non groups:

(a) Short-form McGill Pain Questionnaire (SF-MPQ): It
has pain descriptors divided into three dimensions: sensory
(eight items), affective (five items) and evaluative (two
items).®? Sensory, affective, evaluative and total descriptors
are obtained by counting the words chosen by the
patient.®>3

(b) Brief Pain Inventory: Measures pain intensity (least, aver-
age, now and worst pain in the last 24 h, each ranging from 0
—no pain to 10—maximal pain imaginable); and interfer-
ence scores (general activity, mood, walking ability, normal
work, relationships with others, sleep and enjoyment of life,
with a total score ranging from 0 to 70, where higher scores
mean higher inference of pain in daily activities).®*%

(c) Douleur Neuropathique Questionnaire-4 (DN-4): A
screening test for neuropathic pain composed of ten items.
It ranges from 0 to 10 and is positive when >4.°%¢7

(d) Neuropathic Pain Symptoms Inventory (NPSI): A quali-
tative and quantitative inventory of different neuropathic
pain descriptors that enables the evaluation of different
phenotypes through discrimination and quantification of
five distinct clinically relevant dimensions of neuropathic
pain: burning (superficial) spontaneous pain, pressing
(deep) spontaneous pain, paroxysmal pain, evoked pain
and paresthesia/dysesthesia. Its total score ranges from 0
to 100, and each dimension’s score ranges from 0 to 10
with higher scores indicating more intense symptoms.°%®’
Recently, a new cluster has been proposed, classifying patients
into three groups according to an artificial intelligence algo-
rithm applied to the scores of each of the items: pinpointed,
deep and provoked pain.*! Cut-off point of NPSI total score
differentiating neuropathic from non-neuropathic pain was
assessed through receiver operating characteristic (ROC)
curve analysis.

(a) The Short Form 12-Health Status Questionnaire (SF-12):
Measures health-related quality of life and is composed of 12
items that generate two scores related to physical health
(PCS) and mental health (MCS). Each score ranges from 0
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to 100; the higher the score, the greater the health-related
quality of life.””

(b) Hospital Anxiety and Depression Scale: Evaluates symp-
toms of anxiety and depression; higher scores mean more se-
vere symptoms. Scores of eight for anxiety and nine for
depression were used as cut-off values.”"”*

(c) The Pain Catastrophization Scale: Assesses catastrophic
thoughts or feelings accompanying the experience of pain.
This scale consists of 13 items on a Likert scale. The total
scale score ranges from 0 to 52; higher scores represent great-
er catastrophic thinking.”?

Spasticity in the upper and lower limbs was quantified ac-
cording to the modified (m-) Ashworth spasticity scale
(AS), in which higher values indicate more severe spasti-
city.”* It was classified into three categories—absent, low
to moderate (m-AS 1 or 2 in at least one limb) and moderate
to severe (m-AS score above 2 in at least one limb).”> Muscle
strength was measured according to the Medical Research
Council (MRC) scoring system. Motor impairment degree
was grouped into four severity grades—Grade 0 (MRC in
all limb=35), Grade 1 (MRC=4 in at least one limb),
Grade 2 (MRC =2 or 3 in at least one limb) and Grade 3
(MRC=01 or 1 in at least one limb).”® Myofascial trigger
points (TP) were evaluated bilaterally in standardized re-
gions, including temporal, masseter, scalene, trapezius, pec-
toralis major, levator scapulae, rhomboid, supraspinatus,
biceps brachii, triceps brachii, wrist and finger extensors,
first dorsal interosseous, quadratus lumborum, gluteus max-
imus, piriformis, vastus lateralis and gastrocnemius mus-
cles.”” Briefly, TP were looked for with 4 kg/cm? of
pressure, using the thumb (just enough to blanch the exam-
iner’s nailbed).”® Active TP were considered to be present
when digital pressure evoked pain in a corresponding re-
ferred pain pattern and resembled at least 50% of the pa-
tients’ clinical pain.””"%

The sensory assessment employed standardized bedside
examination, including the evaluation of superficial touch
and allodynia with a piece of cotton wool, cold sensitivity
and cold allodynia with a metal rod at room temperature,
and mechanical pain sensitivity by light prick with a pin.
Regions of the face, trunk, arms and legs were tested, com-
paring them with the contralateral side and proximal and
distal body regions.”” Hyperpathia was assessed with a
pin: patients were asked to quantify the evoked pain during
examination using the numeric rating scale (NRS: 0-10,
where 0 means no pain and 10 maximal pain imaginable)
after one stimulus and after a train of 10 stimuli delivered
at 1 Hz.®! Allodynia intensity (NRS) differentiating neuro-
pathic from non-neuropathic pain patients was assessed
through ROC curve analysis.

BRAIN COMMUNICATIONS 2022: Page 50f 16 | 5

CPSP patients underwent a static QST battery to assess sen-
sory findings at the site of the most severe neuropathic pain
area (pain area) and the corresponding contralateral site
(mirror area).’®>?%2 PSP-Non and No-Pain groups were
tested over the area of most severe motor/sensory abnormal-
ities (contralateral to stroke) and its respective asymptomatic
mirror area. If the patient presented bilateral symptoms, the
worse area was tested, and the contralateral mirror area was
used as the control side. In all areas, the following QST para-
meters were tested according to previously described techni-
ques: briefly, cold detection threshold (CDT), warm
detection threshold (WDT), mechanical detection threshold
(MDT), vibration detection threshold (VDT), cold pain
threshold (CPT), heat pain threshold (HPT), mechanical
pain threshold (MPT) and the numerical pain rating scale
for suprathreshold cold (STCP), suprathreshold heat pain
(STHP), suprathreshold mechanical pain (STMP) and wind
up ratio (WUR) were evaluated. The tests were assessed by
the method of limits.'!83

Results were analysed in three outputs according to specif-
ic research questions:

(i) Side-to-side differences: Comparisons were made
within-subjects (pain or affected area versus mirror
area!821:3436,37.39.8486) " ynd a QST index of asym-
metry was obtained to assess differences between groups
so that threshold or hyperalgesia indices for each QST
parameter were calculated according to the formula: va-
lue from the test area/value from the mirror area.

(ii) Single-patient classification: Single QST results from
each parameter were classified as normal or abnormal
according to Rolke et al.®” recommendations for
side-to-side comparisons, so that a ratio (values from
tested area/values from the mirror area) was calculated
and considered abnormal if it was above or below the
following lower and upper cut-off values for: CDT
(0.41-2.42), WDT (0.42-2.39), MDT (0.38-2.62),
MPT (0.4-2.53), WUR (0.52-1.94).8” For CPT and
HPT, the difference between results from test and mir-
ror areas (test area—mirror area) was calculated and
considered abnormal if it was above or below the fol-
lowing lower and upper cut-off values: CPT (—10.3 to
10.3°C) and for HPT (—4.2 to 4.2°C).}” For VDT,
STCP, STHP and STMP, abnormal values were consid-
ered for indices below 0.4 or above 2.5.

(ii1) Thermal limen assessment: Since warm and CDTs were
the sensory modalities reported to be more starkly altered
in CPSP,!8:31:3436,37.39,8485 5 <thermal ratio’ was created
consisting of CDT pain area x WDT mirror/CDT mirror
x WDT pain area. This CDT/WDT thermal ratio is analo-
gous to the ‘sensory limen’®? or the sensitivity index pro-
posed by Jensen et al.®® and used by Vestergaard et al.®*.
It was intended to illustrate unbalance between cold and
WDTs (something that has been associated with experi-
mental allodynia under the thermal grill illusion of pain
and in spinal cord injury patients®*”°).

220z aunp |z uo Jesn Aseiqr] seousiog all 1o Anoe4 Agq ££4£959/0600B91/E/{/8]01B/SWLI0oUIRIC/WOo0 dno olwapeoe//:sdiy Woll papeojumo(]



6 | BRAIN COMMUNICATIONS 2022: Page 6 of 16

Pressure pain threshold (PPT) was assessed with an alg-
ometer (Pain Diagnostics & Thermograph Inc., Great
Neck, NY, USA) in patients with chronic pain in the same
muscles tested in the myofascial pain investigation, as de-
scribed above. The rubber tip of the algometer was vertically
positioned on the point to be examined. The pressure was in-
creased at ~1 kg/s continuously until the subject reported the
triggering of pain or discomfort. The lowest pressure value-
generating pain at each point was considered as the PPT.”!
Furthermore, the deep pressure hyperalgesia [i.e. the inten-
sity of the pain (0-10 NRS)] generated by a three second-
stimulation at the PPT + 2 kg/cm?® was also measured for
each muscle site.””

Dynamic QST was assessed by conditioned pain modula-
tion (CPM) and was evaluated by measuring the pain inten-
sity of a stimulus (test-stimulus—suprathreshold heat pain
stimulus over the thigh not affected by stroke) which was
then repeated after a painful tonic stimulus (conditioning
cold pressor test—immersion of the contralateral
hand).”®>”* CPM was reported as the evoked pain intensity
difference between the conditioned and unconditioned test
stimuli.

Categorical variables were represented by frequencies, per-
centages and absolute numbers. Quantitative variables
were tested for normal distribution using Kolmogorov—
Smirnoff tests and Q-Q plots and histograms. The
Kruskal-Wallis test was employed for comparisons of non-
parametric quantitative variables between the three groups.
The Mann—Whitney test was applied for comparisons of
non-parametric quantitative variables between two groups,
and the Bonferroni correction was used for multiple compar-
isons. The y* test and Fisher’s exact test were used to com-
pare the nominal and ordinal qualitative variables between
groups. OR and 95% confidence intervals (Cls) were calcu-
lated to assess the relations between neuropathic pain and
somatosensory abnormalities assessed through physical
examination and QST. Spearman coefficients were used to
assess the correlation between variables found to be signifi-
cantly different. Correlations with a correlation coefficient
> 4 0.4 were included in logistic regression analyses. Basic
assumptions including independence of errors, linearity in
the logit for continuous variables, absence of multicollinear-
ity and lack of strongly influential outliers were checked be-
fore the test. The study size was estimated based on the
proportion of the most prominent finding on QST in CPSP
(mechanical allodynia) according to one of the largest studies
to date.®® This was a convenience sample with 31 patients in
the smallest group allowing to detect a difference in propor-
tion around 23 % between chronic pain groups with a power
of 80% and a Type I error set at 5% bilaterally. The esti-
mated sample size was also in line with the CPSP sample
size of previous studies.>!»3*36:37:82:9598 The evel of signifi-
cance considered was 5%. Since it was an exploratory study,
adjusting for multiple testing was not mandatory. However,

L. M. Barbosa et al.

we opted to evaluate the subgroup analysis with a pairwise
correction to distill the more robust findings that could be in-
puted into the regression model,”” so Bonferroni correction
for multiple testing was performed when indicated.

The data that support the findings of this study are available
on request from the corresponding author.

Results

A total of 102 stroke patients were evaluated; 39 had central
neuropathic pain due to stroke (CPSP group), 32 patients
had chronic pain of non-neuropathic origin with onset
post-stroke—(PSP-Non group) and 31 were pain-free
(No-Pain) (Fig. 1). The mean age was 59.4 (+11.9) years,
with no significant differences among groups (P=0.28).
Male patients made up 64.7% of the total sample, and
most medical comorbidities were similar between groups
(Supplementary Tables 1 and 2).

The stroke location (cortical, 38.2%; subcortical, 37.3%;
brain stem/cerebellum, 24.5%), the time elapsed since stroke
(47.7 £+ 44.3 months), the type of event (ischaemic 86.1%,
haemorrhagic 13.9%) and the number of lesions (20.6%
had more than one) were distributed similarly in the three
groups, with no significant differences among them
(Supplementary Table 3).

The mean duration of pain was 47.3 (+47.2) months with-
out difference between groups (P =0.949). CPSP pain was
mainly located in the face, upper and lower limbs (Fig. 2);
79.5% of CPSP patients (n=31) considered their pain as
continuous compared with 40.6% in the PSP-Non group
(n=13), P=0.001. Pain in the PSP-Non pain group was
mainly axially located: in the neck, shoulders and knees
(Fig. 2). Pain occurred within body areas presenting sensory
abnormalities confirmed on physical examination in 100%
of CPSP patients and 37.5% of PSP-Non patients (P <
0.001). The spatial distribution pattern of pain areas in
this subgroup of PSP-Non patients was similar to the rest
of the PSP-Non group (Supplementary Fig. 1). In all cases,
these patients had a clear aetiology for their pain as of non-
neuropathic origin (i.e. osteoarthritis, spasticity, tendinitis or
bursitis) and a negative DN-4. The most common pain type
in the non-neuropathic pain group was musculoskeletal
pain. Exclusive musculoskeletal pain made up 68.8% (n=
22), chronic headache (more than 15 days per month for 3
months), 12.5% (n=4) and headache associated with
musculoskeletal pain 18.8% (n=6) of this group.
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Figure 2 Pain area and cold hypoesthesia distribution
according to pain groups frequency. (A) Pain area distribution
according to pain groups.*P was <0.05 for all areas except pelvic
and lumbar regions. (B) Cold hypoesthesia distribution. *P <
0.0167 (with Bonferroni correction for multiple comparisons).
(C) PPT *P < 0.0167 (with Bonferroni correction for multiple
comparison). Tested areas: |, temporal and masseter; 2, trapezius;
3, rhomboid; 4, levator scapulae, supraspinatus; 5, wrist and finger
extensors; 6, first dorsal interosseous; 7, quadratus lumborum; 8,
gluteus maximus; 9, piriformis; 10, vastus lateralis; | I,
gastrocnemius. CPSP, central post-stroke pain; PSP-Non,
non-neuropathic post-stroke pain; No-Pain, stroke without pain.

CPSP patients had significantly higher scores for the intensity
of both sensory (5.7 + 1.7 versus 3.5 + 2.0, P<0.001)
and affective dimensions of pain (3.9 + 1.4 versus 2.9 +
1.4, P =0.003) (Supplementary Tables 4 and 5). The specific
pain symptoms most frequently reported in the CPSP group
were burning (82.1%, n=32, P <0.001), tingling (66.7%,
n=26, P<0.001) and pain evoked by cold stimulus
(64.1%, n=25, P<0.001). PSP-Non patients never de-
scribed their pain as tingling or as electric shocks. The pain
descriptors were clustered in the five distinct dimensions of
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neuropathic pain, and the burning (superficial) spontaneous
pain dimension corresponded to the highest scores in the
CPSP. All scores, except the pressing (deep) spontaneous
pain, were significantly higher in the CPSP group compared
with the PSP-Non (Supplementary Fig. 4 and Table 6).
Similar findings were found when cluster symptoms were
classified according to Bouhassira et al.,*' where ‘provoked
pain’ was more common in CPSP patients, ‘pinpointed
pain’ occurred exclusively in CPSP, whereas ‘deep pain’
was more common in the non-neuropathic PSP-Non group.
The NPSI total score cut-off point for neuropathic pain was
20/100, with a sensitivity of 87% and specificity of 28%
(Supplementary Fig. 2).

Quality of life, mood and catastrophism ratings were worse in
patients with chronic pain (both CPSP and PSP-Non) compared
with No-Pain (Supplementary Table 7). The Barthel index re-
vealed lower scores in CPSP groups, followed by PSP-Non,
and No-Pain, P=0.013. The mRS followed the same trend,
with a higher concentration in mRS 3 and 5 in the CPSP
(CPSP 35.8%, 1 = 14 versus PSP-Non 15.6 %, n =5, and versus
No-Pain 16.1%, n=135), P=0.013. Comparisons between
groups evidenced a difference when comparing CPSP versus
No-Pain for the Barthel index (P=0.004) and the mRS (P=
0.005)—Supplementary Table 8.

Upper limb disability was most prevalent in the CPSP group,
followed by PSP-Non and No-Pain, P < 0.001. Pairwise com-
parisons confirmed differences between all pairs. A similar
trend was observed for the PDQ (Supplementary Table 8).

Thermal and dynamic mechanical allodynia was observed
more frequently in CPSP [61.5% (n=24) for both types]
(Table 1), and both types of allodynia occurred concomitant-
ly in 48.7% of CPSP patients. The allodynia NRS cut-off
point for neuropathic pain was 2/10, with a sensitivity of
61% and specificity of 1.6% (Supplementary Fig. 3).

Cold hypoesthesia was more commonly located in the
face, upper and lower limbs in CPSP and its spatial profile
was significantly different from No-Pain (Fig. 2).

Mechanical hypoalgesia was more frequently detected in
CPSP (61.5%) and PSP-Non (62.5%) than in No-Pain
(35.5%), P=0.047. Hyperpathia was more frequently de-
tected in CPSP (71.8%, n=28) than in PSP-Non (34.4%, n
=11) and in No-Pain (35.5%, n=11), P=0.001 (Table 1).

Spasticity was present in 53.8% CPSP (n=21) versus
25% (n=28) PSP-Non and 9.7% (n=3) P <0.001, and mo-
tor weakness was present in 70.3% (17 =26) of CPSP, 75% (n
=24) PSP-Non and 54.8% (n=17) No-Pain P =0.030, evi-
dencing a tendency of higher impairment in CPSP versus
No-Pain (Supplementary Table 9). Active TP were more fre-
quently observed in the PSP-Non group (75%, n=24),
whereas they were present in 13.2% (n=235) of the CPSP
group, P <0.001 (Supplementary Tables 9 and 10).
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Table | Sensory assessment

L. M. Barbosa et al.

Group according to pain classification

CPSP PSP-Non
n=39 n=32

Physical examination—sensory testing

Tactile hypoesthesia 30 (78.9%)*

Cold hypoesthesia 24 (61.5%) 19 (59.4%)
Mechanical hypoalgesia 24 (61.5%)* 20 (62.5%)*
Mechanical hyperalgesia 15 (38.5%) 6 (18.8%)
Dynamic mechanical allodynia 24 (61.5%)* 2 (6.3%)°
Cold allodynia 24 (61.5%)* I 3.1%)°
Hyperpathia/Temporal summation 28 (71.8%)* 11 (34.4%)°

19 (59.4%)>°

No-Pain Total
n=31 n=102 P effects between groups
13 (41.9%)s 62 (61.4%) 0.007"
13 (41.9%) 56 (54.9%) 0217
11(35.5%) 55 (53.9%) 0.047*
5 (16.1%) 26 (25.5%) 0.059
0 (0.0%)° 24 (23.5%) <0.001™F
0 (0.0%)° 24 (23.5%) <0.001"*
11(35.5%)° 50 (49.0%) 0.001"

Categorical variables are expressed in absolute numbers and percentages. *P < 0.05, TP<0.0167, pairwise comparisons Bonferroni correction for multiple comparisons; the groups
with different letters are statistically different. CPSP, central post-stroke pain; PSP-Non, non-neuropathic post-stroke pain; No-Pain, stroke without pain.

(i) Side-to-side differences were measured via the affected
area versus mirror area and QST index of asymmetry.
CPSP had higher CDT and WDT asymmetry than
PSP-Non (P <0.001 and P=0.003) and No-Pain (P <
0.001 and P=0.012, respectively), indicating a higher
degree of sensory deafferentation. Conversely, mechan-
ical hyperalgesia (STHP) was higher in the PSP-Non
group than in CPSP (P =0.007). All QST findings are re-
ported in Tables 2 and 3. None of the other asymmetry
scores was significantly different between CPSP and
both control groups (Fig. 3).

Single-patient classification: CPSP presented higher per-
centages of loss of function for spinothalamic tract
(STT) (CDT, CPT) and for dorsal column lemniscal-
dependent inputs, VDT and MDT (Fig. 3 and
Supplementary Table 11). Cold hypoesthesia presented
an OR of 12 (95% CI: 3.8-41.6) for neuropathic pain
(Supplementary Table 12 for the additional OR of the
other QST modalities).

Thermal limen assessment: Patients with CPSP showed
values more distant from 1.0 (greater dissociation be-
tween cold and warm thermal channels) when compared
with the PSP-Non and No-Pain groups (median 0.57 ver-
sus 0.95 versus 0.91; P <0.001). Additionally, there was
a correlation between this CDT/WDT thermal ratio limen
and the presence of neuropathic pain (p=-0.4, P<
0.001) and also with pain intensity (p = —0.3, P < 0.001).

=

(ii

(iii

CPM differed between groups (P = 0.047), with patients with
chronic pain (CPSP and PSP-Non) showing lower values,
meaning a defective CPM, but these findings did not persist
after multiple comparisons adjustments (Supplementary
Table 13). PPT over the reference site (glabella) was similar
between groups (2.3 4+ 1.24 versus 2.25 + 0.70 versus 2.58
+ 1.33, P =0.947) though CPSP had lower PPT in all muscles
tested compared with PSP-Non and No-Pain (Fig. 2).

Correlations were found between a number of neuropath-
ic pain symptom clusters and QST modalities in the CPSP
group, as follows:

(i) Paroxysmal pain and CPT (p=-0.4, P=0.008) and
HPT (p=0.5, P=0.003);
(ii) Burning pain and MDT (p = —0.4, P <0.015) and MPT
(p=-0.4, P <0.013).
(iii) Evoked pain and MPT (p = —0.3, P=0.047) and STMP
(p=-0.3, P=0.032).

There was no correlation between the other two clusters
(pressing pain and paresthesia/dysesthesia) and QST modal-
ities (Table 4).

We performed a binomial logistic regression including vari-
ables found to be different between groups from pain descrip-
tors (NPSI), from clinical bedside examination (allodynia),
and from QST (CDT in painful side versus mirror area <
41%) and the likelihood these patients would have been clas-
sified as being from the CPSP group. The model was statistic-
ally significant [y2(3) = 85.1, P <0.001] and explained 77%
(Nagelkerke R2) of the variance in CPSP. Of the variables,
all were statistically significant: cold hypoesthesia OR = 8.1,
95% Cl=1.6-42.5; NPSI OR=1.1, 95% CI=1.0-1.1;
NRS allodynia OR=2.1, 95% CI=1.3-3.7.

Employing dichotomous variables on the model NPSI
(>20) and NRS allodynia (>2), the model was statistically
significant [2(3)=351.3, P<0.001] and explained 69%
(Nagelkerke R?) of the variance in CPSP. Of the variables,
all were statistically significant: cold hypoesthesia OR =
7.4, 95% CI 1.3-43.6; NPSI OR = 11.3, 95% CI 2.4-53.4;
allodynia OR =36.9, 95% CI 3.7-370.6.

Discussion

We have reported on symptom profile correlations with sen-
sory characteristics of CPSP patients compared with
matched pain-free and PSP without neuropathic pain groups.
This was an original approach to dissect what in CPSP is spe-
cific to this condition relative to other post-stroke chronic
pain syndromes or stroke in general.
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Table 2 QST evaluation of affected and mirror area according to pain groups

31

No-Pain, n

32

PSP-Non, n

CPSP, n=39

Affected

Affected

Affected

[

Mirror area mirror

Affected area

[

mirror

Mirror area

mirror P Affected area

Mirror area

Affected area

Modality

Group according to pain classification

CDT (°C)

<0.001*

29.2 (28.7-30.3)

27.7 (25.0-29.0)

27.7 (25.7-29.9) 0.056

26.6 (24.3-29.3)

<0.001*
<0.001*

29.2 (27.2-29.7)

18.8 (0.1-26.5)

0.003*
0.124
0.023*
0.207
0.084
0.658

34.0 (33.6-34.7)
16.3 (8.7-20.7)

35.2 (34.3-36.5)

0.134
0.150
0.102
0.327

35.6 (34.4-36.7)

36.4 (34.9-38.8)

34.9 (34.5-36.0)

42.8 (35.6-50.0)

WDT (°C)
CPT (°C)

10.5 (3.7-20.2)
47.6 (43.4-49.3)

14.4 (5.2-22.0)
44.0 (41.7-46.0)

0.2 (0.2-0.2)
333.3 (235.2-1078.0)

9.6 (0.1-21.1)

0.003*
<0.001*

12.5 (2.8-19.0)
45.0 (41.1-48.1)

1.9 (0.1-14.2)
50.0 (45.7-50.0)

45.8 (41.1-48.2)
0.2 (0.2-0.2)
1078.0 (333.3-1078.0)

459 (41.3 48.1)

HPT (°C)

0.2(0.2-0.2)
490.3 (308.8-1078.0)

0.2 (0.2-0.3)
333.3 (235.2-1078.0)

0.041*

0.2 (0.2-0.7)

0.7 (0.2-3.1)
235.2 (81.4-1078.0) 490.3 (81.4-1078.0)

MDT (mN)

1.0

0.189
0.451

0.777

MPT (mN)

1.9 (0.7-1.7)

1.1 (0.6-1.9)
15.5 (2.5-50.0)

20.0 (8.0-35.0)

1.9 (1.4-4.0)
15.7 (0.1-41.7)

27.0 (6.2-51.6)

1.9 (1.2-7.5)
11.0 (0.1-34.5)

20.5 (6.5-37.6)

0.048*
0.197
0.031*

49 (2.2-8.6)
23.5 (6.0-41.5)
26.0 (13.5-51.5)

7.0 (2.9-31.0)
10.0 (0.1-42.0)

VDT (mm—é4 Hz)
STCP (NRS)
STHP (NRS)
STMP (NRS)

WUR

0.070

21.5 (9.5-67.5)
18.0 (9.0-55.5)

0.153
0.484
0.767

0.375

3.5 (0.1-49.0)
2.0 (0.1-28.0)
1.0 (1.0-1.4)

5.0 (0.10-15.0)
1.0 (1.0-1.0)

5.0 (0.1-14.0)

0.284
0.330

8.5 (1.3-22.2)

10.0 (2.2-24.5)

0.851

2.0 (0.1-17.0)

1.0 (1.0-1.2)

1.0 (1.0-1.0)

1.0 (1.0-1.0)

0.458

1.0 (1.0-1.2)

Allodynia 0.1 (0.1-6.0)

Numerical variables are represented by median and p25 and p75, *P < 0.05. CPSP, central post-stroke pain; PSP-Non, non-neuropathic post-stroke pain; No-Pain, stroke without pain; CDT, cold detection threshold; WDT, warm detection

threshold; CPT, cold pain threshold; HPT, heat pain threshold; MDT, mechanical detection threshold; MPT, mechanical pain threshold; VDT, vibration detection threshold; STCP, suprathreshold cold pain stimuli; STHP, suprathreshold heat pain;

STMP, suprathreshold mechanical pain stimuli; WUR, wind up ratio (temporal summation). NRS 10° mechanical pain/NRS mechanical pain. NRS, numerical rating scale.
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CPSP patients reported more intense pain, higher pain sen-
sory and affective sub-scores, as well as a trend towards more
functional impairment compared with non-neuropathic PSP
patients. The quality of pain was also different between
groups, with CPSP being more frequently continuous, burn-
ing, tingling and evoked by cold stimuli, compared with non-
neuropathic PSP, which was, in turn, more commonly deeply
located, intermittent, as pressure and never reported as tin-
gling or as electric shocks.

At bedside examination, cold/mechanical dynamic allody-
nia occurred mainly in CPSP and was present in the large ma-
jority of these patients. Also, hyperpathia was one of the
most frequent signs found in the CPSP group, present in
more than 70% of CPSP patients. While dysesthesia, allody-
nia or hyperalgesia have been reported to predict CPSP,”® hy-
perpathia remains a relatively underexplored sign that may
also be a useful predictor of CPSP, and was previously re-
ported to be prevalent in this condition.>*?>1%0

Using standardized manikin-based assessment, we found
that CPSP was distributed over more extensive and also spa-
tially diverse body areas, such as the face, arms, legs or hemi-
body, which contrasted with PSP-Non where the pain was
present more frequently axially: in the neck, shoulders and
knees.!8-38:82:84.95,101-104 A{g  CPSP had more thermal de-
tection deficits in the painful area compared with the two con-
trol groups under QST. This is one of the main findings of this
study since these differences were present not only in
side-to-side asymmetry within each patient, but also in com-
parison with both control groups. We found that CPSP has a
significantly disproportionately higher asymmetry in WDT
and CDT compared with controls and these differences, ex-
plored by the sensory limen, correlated with the presence of
neuropathic pain. This finding is original and is in line with
several studies on experimental thermal allodynia triggered
by the thermal grill illusion of pain showing that higher differ-
ences between non-painful cold and warm are responsible for
more intense and more robust thermal heat allodynia as trig-
gered by the technique.'®® Similarly, thermal deficit asym-
metry was the only variable discriminating between pain
and pain-free syringomyelia patients.'’® These findings are
also in accordance with the report that patients with
Wallenberg’s syndrome central pain was less frequent when
thermal abnormalities tended towards symmetry.*® Indeed,
it has been proposed that more rostral sites of CNS lesions
would affect sensory modalities in a more disproportionate
manner compared with spinal lesions so that more cranial le-
sions would dissociate warm/cold and mechanical thresholds
more markedly compared with spinal lesions."?

This was the first description of neuropathic symptom
cluster profiles and their relationships with QST in CPSP
compared with PSP pain of non-neuropathic nature. Four
out of the five original neuropathic pain symptom clusters
were more common in CPSP, except for deep spontaneous
pain. In CPSP, burning (superficial) spontaneous pain was
the symptom cluster with the highest scores, followed by par-
esthesia/dysesthesia and evoked pain.'8:31:38:82,95.96,100,107
This contrasts with peripheral neuropathic pain, where
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Table 3 QST side-to-side comparison between groups

L. M. Barbosa et al.

CPSP PSP-Non No-pain
n=39 n=32 n=3lI
Side-to-side Side-to-side Side-to-side
Modality (index)® (index)® (index)®
CDT 0.6 (0.0-0.9) 1.0 (0.9-1.0) 0.9 (0.9-1.0)
WDT 1.2 (1.0-1.4) 1.0 (1.0-1.1) 1.0 (1.0-1.1)
CPT 0.5 (0.0-1.0) 1.0 (0.6-1.1) 0.9 (0.6-1.2)
HPT 1.0 (0.8-1.3) 1.0 (I.1-1.1) 1.0 (1.0-1.1)
MDT 1.0 (1.0-3.3) 1.0 (1.0-1.3) 1.0 (1.0-1.0)
MPT 1.0 (0.4-2.0) 1.0 (0.6-2.0) 1.0 (0.5-1.0)
VDT 1.3 (0.3-120) 1.0 (0.8-2.0) 0.9 (0.8-1.2)
STCP 1.0 (0.0-1.2) 1.0 (0.6-1.5) 0.9 (0.5-1.2)
STHP 0.4 (0.0-1.0) 1.0 (0.6-1.3) 0.7 (0.5-1.5)
STMP 1.0 (0.5-1.2) 1.3 (0.4-2.9) 1.0 (0.3-1.2)
WUR 1.0 (1.0-1.4) 1.0 (1.0-1.2) 1.0 (1.0-1.0)

Index comparison CPSP x CPSP x PSP-Non x
between groups PSP-Non No-Pain No-Pain
P P P P
<0.001* <0.00 1%t <0.001** 0.329
0.004* 0.003** 0.012%F 0.379
0.118
0.181
0.239
0.732
0.195
0.332
0.012* 0.007+1 0.022* 0.601
0.421
0.608

Numerical variables are represented by median and p25, and p75. SIndex was calculated according to the formula: affected/mirror. *P < 0.05, 1P < 0.0167 (pairwise comparisons
Bonferroni correction for multiple comparisons). CPSP, central post-stroke pain; PSP-Non, non-neuropathic post-stroke pain; No-Pain, stroke without pain; CDT, cold detection
threshold; WDT, warm detection threshold; CPT, cold pain threshold; HPT, heat pain threshold; MDT, mechanical detection threshold; MPT, mechanical pain threshold; VDT,
vibration detection threshold; STCP, suprathreshold cold pain stimuli; STHP, suprathreshold heat pain; STMP, suprathreshold mechanical pain stimuli; WUR, wind up ratio (temporal

summation): NRS 10° mechanical pain/NRS mechanical pain. NRS, numerical rating scale.

Table 4 Correlations between NPSI phenotypes and
QST

P P
Correlations NPSI phenotypes
and QST modalities
Paroxysmal CPT 0.420 0.008
HPT 0.460 0.003
Evoked MPT —0.320 0.047
STMP 0.345 0.032
Burning MDT —0.387 0.015
MPT —0.395 0.013

Correlations were included when p > 0.3 and P < 0.05. CDT, cold detection threshold;
WDT, warm detection threshold; CPT, cold pain threshold; HPT, heat pain threshold;
MDT, mechanical detection threshold; MPT, mechanical pain threshold; VDT, vibration
detection threshold; STCP, suprathreshold cold pain stimuli; STHP, suprathreshold heat
pain; STMP, suprathreshold mechanical pain stimuli. For asymmetry index calculation: a
ratio (values from tested area/values from the mirror area) for CDT, WDT, MDT, MPT,
VDT, STCP, STHP, STMP. For CPT and HPT evaluation, the difference between values
of tested and mirror area (tested area — minor area). There was no correlation between
pressing and parestheasia phenotypes and QST.

cold-induced pain is less frequently reported.**198-111 We
found a positive correlation between abnormal thermal
pain thresholds and paroxysmal pain, while altered MPTs
correlated with burning pain/evoked pain scores. Similar
correlations between paroxysmal pain intensity and thermal
sensitivity were reported in peripheral neuropathic pain
studies.''?”"1* It has also been reported that patients with
syringomyelia having exclusively spontaneous pain (which
included paroxysmal pain) had more asymmetrical and
more severe thermal deficits, while patients with allodynia
had less affected thermal deficits.'’> Contrarily, a large
body of evidence from human neurophysiology studies asses-
sing thinly myelinated (e.g. laser-evoked potentials) and
large-myelinated [e.g. somatosensory evoked potentials
(SEPs)] have suggested that continuous ongoing pain would
be related to injuries affecting small fibres, while paroxysmal
pain would be related to lesions to myelinated large fibres.'®

However, even in these reports, these distinctions are not un-
equivocal: in patients with multiple sclerosis, about a third of
those with pain due to Lhermitte sign’s (shock-like triggered
though the neck-dorsum by neck flexion) had normal SEPs,
while SEPs were abnormal in about a third of those present-
ing with ongoing extremity pain.''” Importantly, most hy-
pothesis linking myelinated fibre lesions leading to
abnormal discharges and paroxysmal pain relies on an other-
wise normal second/third order wide-dynamic range neurons
that would receive high-frequency discharges conveyed by
injured myelinated fibres (from peripheral nerves''® or
from the dorsal column lemniscal pathways''”>''") and
would then divert them into nociceptive pathways, where
discharges would eventually be perceived as painful. In cen-
tral neuropathic pain, 2nd or 3rd order sensory neurons are
frequently included within the lesion area, thus potentially
altering the central processing of thermo-nociceptive inputs.
It must also be kept in mind that correlations found here and
elsewhere do not imply causality, and may be due to an un-
determined mediating cofactor between paroxysms and ther-
mal thresholds abnormalities such as the severity of lesion.

Previous studies on central neuropathic pain have reported
that patients had altered spinothalamic-dependent abnormal-
ities, while lemniscal pathways could be either intact or af-
fected.!®3H828H120:121 This has led to the imbalance
theory,'* postulating that CPSP would occur due to residual
lemniscal inputs arriving in the absence of STT information in
higher-order neurons. Our results are in line with such a view,
since QST-based thermal cold hypoesthesia carried the high-
est OR for CPSP (=12.0), and that CPSP patients had more
widespread sensory abnormalities. However, classic QST bat-
teries offer a relatively limited assessment of lemniscal func-
tion and one cannot refute that concomitant lemniscal
abnormalities were not present in our samples.

Most clinically relevant results came from the logistic re-
gression. The association of pain NPSI score, presence of al-
lodynia on bedside examination and CDT abnormalities on
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Table 5 Quantitative sensory test studies for central post-stroke pain investigation

Study

Boivie et al>*

Leijon and
Bowsher>’

Vestergaard
84
etal

Bowsher®'

MacGowan
etal®®

Bowsher
etal'®

Fitzek et al.®®

Greenspan
37
et al.

Patient sample

27 CPSP
(eight brainstem lesion, nine
thalamic, six suprathalamic
and four undetermined)

36 CPSP

Il CPSP
All had a supratentorial
lesion (five thalamic, six
solely extrathalamic, seven
also brainstem)

74 central
61 CPSP

9 CPSP with Wallenberg
syndrome

32 CPSP
VPL 21
Brainstem ||

Eight patients with Wallenberg
syndrome and CPSP

13 CPSP

Control group

13 stroke with a
sensory deficit
and without CPSP

10 Wallenberg
syndrome without
CPSP

20 stroke patients
with a sensory
deficit and
without CPSP

Four patients with
Wallenberg
syndrome without
CPSP

Methods

Area: feet, hand and face
versus contralateral side
Abnormal: thresholds at least
twice as high as the control

side.

Area: side with symptoms and
mirror

Method of limits
Descriptive analysis

Area: worst pain area (all in
the thenar eminence) and
mirror area

Methods of limits
Statistical comparison
between pain area and
mirror

Measures at four sites:

The greatest pain area and
its mirror, and the least
pain area and its mirror

Methods of limits
Statistical analysis between
greatest pain versus mirror
and least pain versus mirror

Greatest pain versus least
pain (P < 0.05)

Standard areas tested
bilaterally

Method of limits/
forced-choice
Comparison to healthy
controls (classified as
elevated or not)

Side with symptoms and
mirror

Methods of limits
The difference between
affected side and mirror
compared between CPSP
and control

Both sides of the face (upper
cheek).

Method of limits
Statistical comparison
between affected and
mirror area

Affected and mirror area

Method of limits

Abnormal threshold: the
value of the mean + 2SD

Findings

All had abnormal temperature and pain
sensibility:

Hypoalgesia: 37%

Mechanical hypoesthesia: 52%

Abnormal vibration sensibility: 41%

Hyperpathia: 88%

Hyperalgesia: 60%

Dysesthesia: 85%

Allodynia: 23%

Cold, warm and cold pain thresholds
abnormalities: 89 versus 50%

Heat pain thresholds—normal in all subjects.

Abnormal tactile sensation: 86 versus 38%,

Abnormal pinprick sensation: 86 versus 54%,

Allodynia: 57% (28% to touch, 42% to cold)
versus 0%.

All CPSP had cold, warm, or pinprick
abnormalities.

Increased threshold of thermal (cold 91%,
warm 100%)

Abnormal sensibility to pain 36%

Abnormal sensibility to touch 27%

Allodynia: 72.7% (cold 56%, touch 54%)

Greatest versus least pain:

Significant for pinprick, warm and cold.

All modalities were significant for greatest
versus mirror and least versus mirror.

72% allodynia (52% tactile, 19.5% thermal, 22%
movement)

CPSP-thresholds from the cheek contralateral
to the lesion were normal in eight of nine
cases with CPSP and abnormal in all 10 cases
without CPSP.

CPSP allodynia—mechanical (50%) cold (75%)

CPSP allodynia—mechanical (50%) cold (75%)

CPSP and control had differences comparing
maximally affected and mirror areas for
warm, cold, pinprick and heat pain.

VPL versus control: differences for pinprick
and cold detection.

Brainstem versus control: differences for
pinprick, cold and warm and hot pain.

VPL versus brainstem: differences only for
warm detection.

Cold and warm detection, cold and heat pain
and touch thresholds in the ipsilateral face
versus mirror were significantly different in
all patients with facial pain but not in
patients without pain.

Cold hypoesthesia: 84.6%
Warm hypoesthesia:92.3%
Cold hypoalgesia: 46.1%
Warm hypoalgesia: 7.6%

(continued)
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Table 5 (continued)

L. M. Barbosa et al.

Study Patient sample Control group

Bowsher®® 64 CPSP

Kalita et al.'® 23 CPSP

Krause et al®® 25 CPSP 25 sensory stroke

without pain

Methods

outside the normative
range

Included absolute values and
difference between the
affected and unaffected
side

Means of somatosensory
perception threshold
differences (affected —
mirror)

QST, SPECT and MRI

Area of painful sensation and
mirror confined to either
the face, hand or foot.

Z-score

Findings

Tactile hypoesthesia: 38.5%

Cold allodynia: 23%

Brushing allodynia: 53.8%

More tactile allodynia in individuals with
normal tactile detection.

About half of patients with CPSP had allodynia

Pure cold allodynia versus cold plus mechanical
allodynia: affected—unaffected cold
threshold difference greater in the latter,
but not significant (P=0.06)

Reduced pain threshold: 43.5%

Increased pain threshold: 56.5%

About half of CPSP had allodynia, temporal
summation, or punctate hyperalgesia:

Findings were similar in patients with thalami
and extra thalamic lesions.

SPECT and MRI findings were not different in
CPSP patients with and without allodynia.

CPSP: alterations of thermal and mechanical
thresholds on the affected side. Higher
values for paradoxical heat sensation and

dynamic mechanical allodynia and elevated
cold detection threshold.

Sensory stroke: similar albeit less pronounced
changes in thermal and mechanical
thresholds.

Both groups: considerable QST changes on the
unaffected side.

CPSP, Central post-stroke pain; VPL, ventroposterior thalamic nucleus.

QST (CDT from painful side/mirror side <41%%), ex-
plained 77% of the occurrence of neuropathic pain.
Interestingly, this model comprises the basic steps in the clin-
ical diagnosis of neuropathic pain: use of pain descriptors,
presence of abnormal sensory gain on bedside examination
and the determination of STT-related deficits (CDT). This
may potentially be useful information in the distinction be-
tween neuropathic from non-neuropathic PSP and may
help better design interventional trials in the future.

One important finding, with potential impact on CPSP de-
finitions, and how to differentiate it from its mimics, was that
a third of non-neuropathic PSP patients had their pain lo-
cated within the sensory deficit area. These patients did not
fulfill the criteria for neuropathic pain and had other clear
causes of non-neuropathic pain such as headaches and mus-
culoskeletal pain. This finding has been previously reported
for spinal cord pain,”” but not yet in CPSP. This information
has clinical relevance and calls attention to the necessity to
have pain descriptors included in neuropathic pain defini-
tions, as well as to the requirement to proactively search
for sources of nociceptive pain within the deafferented area
in a patient with clear neuropathy.’

Similar to others!8:31:3%36-39,84=86.100 (T hle 5) we per-
formed QST in the area with more intense pain, and this re-
gion may not necessarily be the body area with more
prominent sensory abnormalities. In fact, we have shown
that the sensory deficit area is not only wider, but

qualitatively different between groups, and sensory assess-
ments based on the area of maximal pain may miss areas
with maximal sensory denervation or with non-painful sen-
sory gain of function. This also highlights the challenge re-
lated to the choice of the control area in central pain
studies. In these instances, since the painful area may vary sig-
nificantly in body location across individuals from the same
experimental group, control areas cannot be compared
with healthy volunteers-based normative data and are, in-
stead, based on the same rationale used during the neuro-
logical examination, comparing dermatomes above and
below the sensory level in spinal cord injury”® or syringomye-
lia,'°%'13 or the mirror area in cases of stroke. 18:31:3%:36-39,84-
8¢ Another challenge is related to the inclusion and assess-
ment of patients with stroke-related acquired language dys-
function. Here, patients with cognitive impairment were
excluded in order to perform a detailed assessment of pain de-
scriptors and sensory profiles. This is, however, a limitation
of the external validity of our results since only language-
spared patients were assessed and our findings may not apply
to those with different degrees of aphasia.

It has been proposed that, compared with healthy
volunteers-based normative data,® stroke patients may pre-
sent subtle sensory abnormalities even in the normal body
side. It remains unknown whether the origin of these ipsilateral
changes is related to concomitant diseases associated with
stroke (e.g. diabetic polyneuropathy), to bias related to slower
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Figure 3 QST assessment with sensory asymmetry evaluation and somatosensory gain and loss of function. (A) Asymmetry
evaluation through the ratio of affected side per unaffected side. The QST ratio is represented as median and interquartile ranges in a log| 0 scale.
Kruskal-Wallis followed by pairwise comparisons were performed using Mann—Whitney for two independent samples with a Bonferroni
correction for multiple comparisons. Statistical significance was accepted at the P < 0.0167 level.*P < 0.05 for analyses between groups and P <
0.0167 for pairwise comparisons. (B) Percentage of patients with somatosensory gain of function. x? test and Fisher test were performed followed
by pairwise comparisons with Bonferroni correction for multiple comparisons. Statistical significance was accepted at the P < 0.0167. (C)
Percentage of patients with somatosensory loss of function. *P < 0.05 for analyses between groups and P < 0.0167 for pairwise comparisons.
CPSP, central Post-Stroke Pain; PSP-Non, non-neuropathic post-stroke pain; No-Pain, stroke without pain; CDT, cold detection threshold; WDT,
warm detection threshold; MDT, mechanical detection threshold; CPT, cold pain threshold; HPT, heat pain threshold; MPT, mechanical pain
threshold; VDT, vibration detection threshold; STCP, suprathreshold cold pain—pain referred according to the Numeric Pain Rating Scale (NRS)
after suprathreshold cold pain stimulus; STHP, suprathreshold heat pain—NRS after suprathreshold heat pain stimulus; STMP, NRS after

suprathreshold mechanical pain stimulus; WUR, wind up ratio.

reaction time in stroke patients, or to maladaptive plasticity
after stroke. The fact is that these reports highlight the need
to have control groups with pain and stroke in order to account
for these abnormalities ipsilateral to the stroke side.

In summary, we reported, in a double-controlled study,
that CPSP was associated with thermal detection deficits, al-
lodynia, hyperpathia, on bedside assessment, and several of
the symptom clusters of CPSP were correlated to discrete
QST parameters. Also, we showed that a combination of
neuropathic pain symptoms, the presence of cold detection
deficits and allodynia explain a large proportion of the oc-
currence of CPSP. These findings will have diagnostic utility
and may help better design personalized treatments based
clinical and QST findings for CPSP in the near future.
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