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Abstract

Background: It is unknown if different etiologies or lesion topographies influence central
neuropathic pain (CNP) clinical manifestation.

Methods: We explored the symptom-somatosensory profile relationships in CNP pa-
tients with different types of lesions to the central nervous system to gain insight into
CNP mechanisms. We compared the CNP profile through pain descriptors, standardized
bedside examination, and quantitative sensory test in two different etiologies with seg-
regated lesion locations: the brain, central poststroke pain (CPSP, n = 39), and the spinal
cord central pain due to spinal cord injury (CPSCI, n = 40) in neuromyelitis optica.
Results: Results are expressed as median (25th to 75th percentiles). CPSP presented
higher evoked and paroxysmal pain scores compared to CPSCI (p<0.001), and lower
cold thermal limen (5.6°C [0.0-12.9]) compared to CPSCI (20.0°C [4.2-22.9]; p = 0.004).
CPSCl also had higher mechanical pain thresholds (784.5mN [255.0-1078.0]) compared
to CPSP (235.2 mN [81.4-1078.0], p = 0.006) and higher mechanical detection threshold
compared to control areas (2.7 [1.5-6.2] vs. 1.0 [1.0-3.3], p = 0.007). Evoked pain scores
negatively correlated with mechanical pain thresholds (r = -0.38, p <0.001) and wind-up
ratio (r=-0.57, p<0.001).

Conclusions: CNP of different etiologies may present different pain descriptors and so-
matosensory profiles, which is likely due to injury site differences within the neuroaxis.
This information may help better design phenotype mechanism correlations and impact
trial designs for the main etiologies of CNP, namely stroke and spinal cord lesions. This
study provides evidence that topography may influence pain symptoms and sensory pro-
file. The findings suggest that CNP mechanisms might vary according to pain etiology or

lesion topography, impacting future mechanism-based treatment choices.

KEYWORDS
central neuropathic pain, central poststroke pain, neuropathic pain after spinal cord injury,
neuropathic pain sensory profile, quantitative sensory test
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INTRODUCTION

Peripheral neuropathic pain presents symptoms (pain descriptors)
and somatosensory profiles (measured by quantitative sensory test-
ing [QST]) that are not dependent on the etiology of the disease as-
sociated with somatosensory injury. Different pain phenotypes can
emerge following the same disease and the same pattern of periph-
eral injury [1-5]. Phenotypes are thought to reflect mechanisms of
pain generation or maintenance [6]. Subsequently, profiling patients
according to specific phenotypes, but not according to the disease re-
lated to neuropathic pain, would allow for the design of individualized
treatment strategies for each patient and not for each disease [7, 8].
This approach is sound, but some limiting factors still need to be ex-
plored in guiding treatment [9]. One of them is that the large majority
of studies describing patient profiles in neuropathic pain include ex-
clusively, or essentially, peripheral neuropathic pain [10-17]. This is ex-
pected, because most patients with neuropathic pain have peripheral
rather than central neuropathic pain (CNP). However, it remains un-
known whether the correlations and findings related to sensory find-
ings from QST and sensory symptoms are the same in patients with
CNP of different etiologies. Classical studies have reported symptom
somatosensory profile correlations of patients with a single etiology
of CNP [10-17]. For example, in patients with syringomyelia, higher
severity of spinal cord injury (SCI) was associated with more intense
deep pain and paresthesia/dysesthesia, whereas patients with evoked
pain had more preserved spinothalamic and lemniscal pathways [15].
In patients with central poststroke pain (CPSP), those with preserved
tactile sensation had more mechanical allodynia than those with tac-
tile hypoesthesia, whereas cold hypoesthesia was not necessary for
developing cold allodynia [17]. A comparison of patients with different
and distant lesion sites to the somatosensory system located at dif-
ferent levels of the neuroaxis would allow us to test if these findings
occurin abroader range of CNP possibilities, being thus also transetio-
logical in this subgroup of patients with central somatosensory lesions.

Because CNP is particularly refractory to treatment, very few
positive randomized trials exist to control pain in these patients [16].
Therefore, expanding our current knowledge on the interactions be-
tween symptoms, bedside findings, and somatosensory profilesin CNP
would allow us to better understand potential phenotype mechanistic
correlations in this patients group, which could be a way to develop
mechanism-based approaches for this type of neuropathic pain. For
this purpose, here we compared the sensory profile of CNP through
pain descriptors, standardized bedside examination, and a compre-
hensive QST battery in two different etiologies of central nervous sys-
tem (CNS) lesions related to distant and nosologically different lesion
sites, one affecting the brain (stroke) and another mainly affecting the
spinal cord (neuromyelitis optica [NMO] under remission).

METHODS

This cross-sectional study, part of the Central Pain Initiative Project,
focused on assessing and treating CNP [10, 18, 19]. Here we aimed

to compare the pain characteristics and sensory profile of CNP sec-

ondary to stroke to CNP secondary to spinal cord lesions in NMO.

Standard protocol approvals and patient consent

Data collection occurred at the Hospital das Clinicas, Faculdade de
Medicina da Universidade de S3o Paulo (HC-FMUSP). The study was
approved by the institution's ethics review board (No. 690.455). All
participants were volunteers and provided written informed consent
before inclusion. Some of the general clinical data of some included
patients were reported in publications from this initiative [10, 19].

Patients

Neurologists or primary care physicians consecutively referred
patients to the Pain Center of the HC-FMUSP, fulfilling the fol-
lowing criteria: (a) definite neuropathic pain diagnosis according to
the International Association for the Study of Pain (IASP) Special
Interest Group on Neuropathic Pain (NeuPSIG) grading system [20];
(b) occurrence of de novo pain attributed to a central lesion due to
stroke or spinal cord injury; (c) pain characteristics not compatible
with other etiologies of pain (previous fibromyalgia, migraine, nocic-
eptive pain) [21], (d) pain lasting longer than 3months and being pre-
sent most days. Pain classification was made by three researchers
(L.M.B., J.R., FV.d.S.), and cases where no consensus was obtained
were discussed with a board (D.C.d.A., M.JT.).

All participants suffered an ischemic or hemorrhagic stroke con-
firmed by imaging (computed tomography or magnetic resonance
imaging [MRI]) at least 3months before the evaluation or had previ-
ous myelitis secondary to NMO diagnosed by a neuroinflammatory
diseases specialist using the current diagnostic criteria [22]. Patients
with chronic CNP due to inflammatory spinal cord injury (CPSCI)
were confirmed to be in remission of their inflammatory disease
with no relapses within the 12months preceding the evaluation ac-
cording to clinical assessment, patient report, and a recent MRI per-
formed 2 months before inclusion. Exclusion criteria were significant
cognitive or language impairments compromising answering ques-
tionnaires or sensory examination and the presence of peripheral
neuropathic pain. Also, patients with more than one stroke needed
to have deficits related to only one of the strokes, with a normal

examination otherwise (i.e., unilateral deficits).

Assessment

Participants were assessed in a single visit, including evaluation of
sociodemographic information, medical comorbidity status, medi-
cation use, current symptoms and limitations, standardized physi-
cal examination focused on sensory and musculoskeletal systems,
and quantitative sensory testing (QST). Questionnaires were applied
to evaluate pain (Short-Form McGill Pain Questionnaire [SF-MPQ]
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[23], Brief Pain Inventory [BPI] [24], and Neuropathic Pain Symptoms
Inventory [NPSI] [4]), anxiety and depression (Hospitalar Anxiety
and Depression Scale [25]), and disability (functional status: Barthel
Index [26]). The NPSI referred to the area of maximum neuro-
pathic pain, and scores were classified according to the previously
described five subscores (burning [superficial] spontaneous pain,
pressing [deep] spontaneous pain, paroxysmal pain, evoked pain,
and paresthesia/dysesthesia) [4], and NPSI stratification of patients
in three clusters (deep pain, pinpointed pain, and evoked pain) [7].
Spasticity in the upper and lower limbs was quantified according to
the modified (m-) Ashworth Spasticity (AS) scale [27]. It was classi-
fied into three categories: absent, low to moderate (m-AS scale score
1 or 2 in at least one limb), and moderate to severe (m-AS scale score
>2 in at least one limb). Muscle strength was measured according
to the Medical Research Council (MRC) Scale for Muscle Strength
scoring system, which was grouped into four severity grades: grade
0 (MRC in all limbs = 5), grade 1 (MRC = 4 in at least one limb), grade
2 (MRC =2 or 3in at least one limb), and grade 3 (MRC =0 or 1 in at
least one limb) [10].

The sensory assessment employed standardized bedside exam-
ination, including touch with graded monofilaments 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. All these modalities were tested in the face,
trunk, arms, and legs, and compared with the contralateral side and
proximal and distal body regions [10, 19]. The patients were eval-
uated in a quiet room, at rest, and with eyes closed. They were in-
structed to compare the sensations between the tested areas and
classify their intensity as similar, greater, or lower. When there were
doubts, the test was performed again.

Patients underwent QST, through the method of limits, to as-
sess sensory findings at the site of the most severe neuropathic pain
area (pain area) compared to a control area (corresponding contralat-
eral site in stroke [28-30] and above the level in SCI). The following
QST parameters were tested in both areas by the method of limits
according to previously described techniques [18]: cold detection
threshold (CDT), warm detection threshold (WDT), mechanical de-
tection threshold (MDT), cold pain threshold (CPT), heat pain thresh-
old (HPT), mechanical pain threshold (MPT), and the numerical pain
rating scale for suprathreshold cold (SuThC) pain, suprathreshold
heat (SuThH) pain, suprathreshold mechanical (SuThM) pain, and
wind-up ratio (WUR). Because warm and cold detection thresholds
were the sensory modalities reported to be more altered in CNP [17,
29-35], a cold thermal limen and heat thermal limen was calculated
consisting of CDT — CPT and HPT — WDT, respectively [34, 36].

To evaluate the differences between the neuropathic pain and
the control area, we used the previously recommended side-by-side
comparison parameters [37]. A QST ratio was calculated according
to the following formula: value from the pain area/ value from the
control area for CDT, WDT, MDT, MPT, SuThC, SuThH, SuThM, and
WUR [17, 29-35, 37, 38]. For CPT and HPT, the difference between
results from test and control areas (painarea — control area) was
calculated [37]. Additionally, to assess whether the affected region

could influence the QST result, we also performed a subgroup analy-
sis considering only patients evaluated in the upper limbs or cervical
dermatomes and the lower limbs or lumbar and sacral dermatomes.

As a supplementary analysis, stroke patients were further clas-
sified by a neuroradiologist according to the affected region into
cortical, subcortical, brainstem, and cerebellum. Comparative analy-
ses among these groups were performed regarding pain descriptors
(NPSI) and somatosensory assessment (bedside examination and

QST).

Statistical analyses

This was a convenience sample of patients prospectively assessed
for the study. Based on previous studies, we aimed at 40 patients
per etiology based on previous data [12, 17, 29, 30, 33, 38-41]. The
nonparametric group differences between CPSP versus CPSCI were
compared using a Mann-Whitney U test. The X2 and Fisher exact
tests were used to compare the nominal and ordinal qualitative vari-
ables between groups. Parametric data are displayed in the text as
the mean+standard deviation, nonparametric data as median and
25th-75th percentile, and categorical as percentages and absolute
numbers. A case-control matching analysis was foreseen in case
background differences existed between groups, which could influ-
ence results (e.g., sex, age).

The Spearman rank correlation coefficient assessed the correla-
tion of QST and bedside examination with pain descriptors (NPSI
and SF-MPQ) and pain intensity and interference (BPI). Statistical
analyses were performed using the software application IBM SPSS
Statistics version 22.0, with a p value of <0.05 set as the threshold
for statistical significance, and no correction for familywise error

was performed for this descriptive and exploratory study [42].

RESULTS

We included 79 patients with CNP (39 with CPSP and 40 with
CPSCI). Patients in the CPSP group were older (59.2 +11.2years vs.
48.2 +11.1years, p<0.001), with a higher proportion of males (59%
vs. 32.5%, p = 0.018), hypertension, and heart disease (Table S1). The
mean time (months) elapsed after the central lesion associated with
neuropathic pain was similar between CPSP and CPSCI (54.7 +58.2
vs. 59.2+46.2, respectively, p = 0.219). CPSP comprised 78.9% of
ischemic and 21.2% of hemorrhagic strokes, and all 40 CPSCI had
lesions due to inflammatory disease. In stroke, the most important
frequent lesion locations were subcortical (53.8%), cortical (25.6%),
brainstem and cerebellum (20.5%), whereas in SCl they were cervical
(55%) and thoracic (45%). More than one injury site was present in
20.5% of CPSP and 57.5% of SCI patients (Table S2).

Pain descriptors were significantly different between groups
(Table 1). Paroxysmal and evoked pain were more intense in CPSP,
with higher intensity scores for pain evoked by cold, stabbing, and
electric shocks, and CPSCI reported more intense squeezing pain.
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TABLE 1 Neuropathic Pain Symptoms

NPSI items and clusters CPSP,N =39 CPSCI,N =40 p Inventory.
NPSI items score, 0-10
Burning 0(4.0-9.0) 0(3.0-8.0) 0.121
Squeezing 0(0.0-8.0) 0(0.0-8.75) 0.013*
Pressure 0(0.0-8.0) 0(0.0-7.5) 0.955
Electric shocks 0(0.0-8.0) 0(0.0-0.0) 0.002*
Stabbing 0(0.0-7.0) 0(0.0-0.0) 0.006*
Evoked by brushing 0(0.0-7.0) 0(0.0-6.0) 0.241
Evoked by pressure 0(0.0-8.0) 0(0.0-8.0) 0.947
Evoked by cold stimulus 0(0.0-9.0) 0(0.0-5.0) 0.002*
Pins and needles 0(0.0-8.0) 0(0.0-4.7) 0.040*
Tingling 0(0.0-9.0) 5(0.0-8.0) 0.338
NPSI total intensity score, 40.0 (24.0-59.0) 27.7 (16.2-43.0) 0.040*
0-100
NPSI clusters, 0-10
Burning (superficial) 8.0 (4.0-9.0) 6.0(3.0-8.0) 0.121
spontaneous pain
Pressing (deep) spontaneous 3.5(0.0-6.0) 4.5(1.7-7.2) 0.131
pain
Paroxysmal pain 3.5(0.0-6.0) 0(0.0-2.1) <0.001*
Evoked pain 3.7(2.0-6.7) 6(0.1-4.7) 0.036*
Paresthesia/dysesthesia 3.0(1.0-4.5) 0(2.0-7.5) 0.048*
Total NPSI score 23.3(12.0-29.7) 15.7 (10.7-23.0) 0.046*
NPSI phenotypes, Bouhassira et al.”
Deep pain 14 (35.9%) 29 (72.5%) 0.004*
Provoked pain 15 (38.5%) 7 (17.5%)
Pinpointed pain 10 (25.6%) 4 (10.0%)

Note: Categorical variables are expressed in absolute numbers (percentages). Numerical

nonparametric data are represented as median (25th-75th percentile).

Abbreviations: CPSCI, central pain in spinal cord injury; CPSP, central poststroke pain; NPSI,

Neuropathic Pain Symptoms Inventory.
*p<0.05.

Based on the NPSI cluster stratification [7], deep pain made up
72.5% of the CPSCI group, whereas CPSP was more homogeneously
distributed among the three clusters (deep pain, 35.9%; provoked
pain, 38.5%; pinpointed pain, 25.6%). Importantly, pain intensity
and interference scores from the BPI were similar between groups.
CPSP had slightly higher scores in sensory and affective dimensions
of pain (Table S3) and depressive symptoms compared to CPSCI (9.0
[5.0-12.0] vs. 4.5 [2.0-9.0], respectively; p = 0.002). Regarding the
topographical neuropathic pain distribution, although the pain areas
in CPSP patients were located more in the deafferented hemibody
(especially in the limbs), in patients with CPSCI, the pain was located
more in the trunk at the lesion level (Figure 1).

On bedside examination, CPSP had more pinprick hypoalgesia
(61.5% vs. 17.5%, p<0.001), dynamic mechanical (61.5% vs. 27.5%,
p = 0.002), and cold allodynia (61.5% vs. 15%, p<0.001). CPSCI
had more cold (100% vs. 61.5%, p<0.001) and tactile hypoesthesia
(97.5% vs. 78.9%, p = 0.013), pinprick hyperalgesia (80% vs. 38.5%,
p<0.001), and hyperpathia (97.5% vs. 71.8%, p = 0.001). In addition,

CPSCI had more motor impairment (100% vs. 70.3%, p<0.001),
spasticity (87.5% vs. 63.8%, p = 0.003), and functional impairment
(72.3+25.5 vs. 87.0+20.6, p<0.001) compared to CPSP (Table 2).

Sensory assessment through QST showed that CPSP had lower
MPT thresholds (235.2 [81.4-1078.0]) and higher cold hyperal-
gesia (SUThC) (10.0 [0.1-42.0]) compared to CPSCI (784.5 [255.0-
1078.0], p = 0.006 and 5.0 [0.0-0.33.7], p = 0.030, respectively).
Additionally, HPT (50.0 [45.7-50.0] vs. 48.4 [44.8-49.8], p = 0.009)
and WUR (1.0 [1.0-1.4] vs. 0.0 [0.0-1.6], p = 0.005) were statistically
different between groups but not clinically significant. There was a
significantly higher wider cold limen (temperature interval between
cold detection and pain thresholds) in CPSCI compared to CPSP
(20.0 [4.2-22.9] vs. 5.6 [0.0-12.9], respectively, p<0.004), which
was not present for warm/heat limen. Other QST parameters were
not significantly different between groups (Table 3). QST assessed
areas are described in Table S4.

When comparing QST findings to each patient's control body
area, we found that CPSP had lower CPT differences compared to
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FIGURE 1 Central neuropathic pain
distribution in patients with stroke and
spinal cord injury in neuromyelitis optica. ‘

( stroke)

CPSCI (-3.5 [-12.5 to 0.2] vs. -13.0 [-19.3 to -6.0], respectively,
p<0.001) and lower MDT differences (1.0 [1.0-3.3] vs. 2.7 [1.5-6.2],
p =0.007). Furthermore, CPSP had higher cold hyperalgesia (SuThC)
(10.0 [0.1-42.0] vs. 5.0 [0.0-33.7], p = 0.030) and WUR differences
(1.0[1.0-1.4] vs. 0.0 [0.0-1.9], p = 0.005) compared to CPSCI. Other
QST variables did not significantly differ between groups (Table S5).
Figure 2 summarizes the main differences found between CPSP and
CPSCI.

Considering there was a difference in the distribution of sex
and age between groups, a case-control matching on sex and age
analysis was performed (CPSP = 21 and CPSCI = 21) (Tables S6 and
S7). Previously observed differences regarding pain descriptors and
bedside examination persisted significantly. Regarding the QST, the
main findings, including differences in mechanical pain thresholds,
cold pain threshold difference, wind-up, and pain evoked by cold
stimulus, remained significant.

A subgroup analysis considering only patients evaluated in
the upper limbs or cervical dermatomes (CPSP = 26, CPSCI = 11)
and the lower limbs or lumbar and sacral dermatomes (CPSP = 10,
CPSCI = 9) was also performed. In the analysis of the upper limbs, we
observed that CPSP had lower CDT (18.5 [0.1-27.7] vs. 27.1 [23.2-
29.2], p = 0.033) and cold limen (6.7 [0.0-13.6] vs. 18.9 [6.5-22.9],
p = 0.004) and higher HPT (50.0 [44.9-50.0] vs. 45.1 [41.5-49.0],
p = 0.040) (Table S8), maintaining a significant part of the findings.
There was no significant difference in the evaluation of the lower
limbs (Table S9) between the CPSP and CPSCI groups.

Additional analysis of stroke patients according to lesion loca-
tion (cortical, subcortical, brainstem, and cerebellum) showed that
the four different stroke locations had similar pain descriptors
(NPSI) and somatosensory profile (bedside examination and QST)
(Tables S10 and S11). Lesion mapping of stroke location with the af-
fected areas’ prevalence is illustrated in Figure S1.

Correlation analysis between pain descriptor scores and QST
results revealed negative correlations between MPT and evoked
pain (-0.38, p<0.001) and MPT and pain evoked by cold (-0.41,

Neuropathic pain after cerebral lesion

Neuropathic pain after spinal cord lesion
(neuromyelitis optica)

Legend:

O 0%-10%

3 10%-20%

= 20%-30%
B 30%-40%
B 40%-50%
W 50%-75%
W 75%-100%

p<0.001). In addition, a negative correlation was also observed be-

tween wind-up ratio and evoked pain (-0.57, p<0.001).

DISCUSSION

We evaluated a large sample of patients with CNP with lesion sites
located in either the brain or the spinal cord. We have shown that
these two groups, despite presenting similar pain intensity and pain
interference scores, have significant differences in pain descriptors,
standardized bedside examination, and QST findings. CPSP patients
had more evoked and paroxysmal pain, whereas CPSCI patients had
more paresthetic, squeezing, and deep pain symptoms. In addition,
CPSP had more pinprick hypoalgesia and allodynia to thermal and
mechanical stimuli, whereas CPSCI had more sensory hypoesthesia
(to touch and to cold), more pinprick hyperalgesia, and hyperpathia.
Finally, on QST, CPSP patients had lower cold limen, and mechanical
and cold pain thresholds. In summary, CPSP presented more evoked
and paroxysmal pain and lower cold limen difference, whereas
CPSCI showed more deep pain with more signs of impairment of
spinothalamic (mechanical pain thresholds) and lemniscal pathways
(higher mechanical detection thresholds).

It has been proposed that neuropathic pain is a transetiological
entity, where one etiology of the disease is associated with neu-
ropathic pain of diverse clinical presentations and possibly diverse
mechanisms. Conversely, different etiologies of neuropathic pain
may share similar pain profiles and mechanisms [1-5, 30]. Our data
suggest that when assessing patients with CNP with lesion sites that
do not primarily intersect, symptoms, clinical examination, and QST
findings may differ depending on the etiology of the lesion to the so-
matosensory system, which probably reflects different sites of CNS
injury (spinal cord vs. brain).

Some authors have previously described different CNP clinical
manifestations according to the topography [28, 43] and extent
of spinothalamic tract injury [14] within the same disease. It was
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TABLE 2 Physical examination: Sensory, musculoskeletal, and
functional assessment.

Standardized p, effects
neurological CPSP, CPSCl, between
examination N =39 N=40 groups

Sensory testing

Tactile hypoesthesia 30(78.9%) 39 (97.5%) 0.013*

Cold hypoesthesia 24 (61.5%) 40 (100%) <0.001*

Mechanical 24 (61.5%) 7 (17.5%) <0.001*
hypoalgesia

Mechanical 15 (38.5%) 32 (80.0%) <0.001*

hyperalgesia

Dynamic mechanical 24 (61.5%) 11 (27.5%) 0.002*

allodynia
24 (61.5%)
28 (71.8%)

6 (15.0%) <0.001*
39 (97.5%) 0.001*

Cold allodynia
Hyperpathia

Motor impairment N=237 N=40

Paresis grade O 11 (29.7%) 0 (0%) 0.001*
Paresis grade 1 11 (29.7%) 19 (47.5%)

Paresis grade 2 11 (29.7%) 15 (37.5%)

Paresis grade 3 4 (10.8%) 6(15.0%)

Ashworth Spasticity scale grade
18 (46.2%)
11 (28.2%)

5(12.5%) 0.003*
22 (55.0%)

Absence

Low to moderate, 1, 2

Moderate to severe, 10 (25.6%) 13 (32.5%)
3-5
Barthel index 87.0(20.6) 72.4(25.5) <0.001*

Note: Categorical variables are expressed in absolute number
(percentage). Paresis grade O (MRC = 5), grade 1 (MRC = 4), grade 2
(MRC =2 or 3), grade 3 (MRC =1 or 0).

Abbreviations: CPSCI, central pain in spinal cord injury; CPSP, central
poststroke pain; MRC, Medical Research Council.

*p<0.05.

observed that patients with thalamic lesions complained more of
lacerating pain, had a greater diversity of pain quality, and more se-
verely affected sensitivity to touch, whereas burning was the main
descriptor in the other two groups [28]. Additionally, sensory differ-
ences in CPSP were observed regarding supratentorial and infraten-
torial lesions. The former had sharpness and cold deficits, whereas
the latter had warm and heat pain deficits [32]. These findings sug-
gest that the CNP lesion site could impact pain and somatosensory
findings.

Bowsher compared patients who underwent cordotomy for
intractable pain or had strokes to the brainstem or thalamus, and
found that all QST modalities were dissociable from one another.
He suggested that the representation of somatosensory modalities
in pathways ascending from the anterolateral spinal funiculus to
the thalamus ends at different levels, with a tendency of dissocia-
tion of mechanical pain and cold, and warmth and heat pain as the
neuraxis ascends [44]. A small percentage of fibers ascending from
the anterolateral funiculus reach the diencephalon directly, and the
majority terminates in the infratentorial brainstem [44]. This would

explain some sensory differences found between the spinal cord
and brain-derived sites of lesion leading to CNP, and understand-
ing these variables would bring insights into mechanisms involved
in CNP and possibly improve patient phenotyping and mechanism
understanding [7, 8, 45-47]. In our study, we observed that CPSCI
had higher mechanical pain thresholds with similar cold detection
and pain thresholds and warm detection thresholds compared to
CPSP, suggesting dissociation of these spinothalamic pathways, as
suggested by Bowsher.

We found that CPSP patients had more evoked pain, cold and
mechanical allodynia, and lower cold limen. It was previously sug-
gested that patients with allodynia had reduced thermal deficits [14],
and patients with evoked pain had less structural damage and more
preserved spinothalamic and lemniscal tracts on QST [15]. Also, it
was suggested that mechanical allodynia occurred more frequently
in patients with preserved mechanical detection thresholds than in
those with hypoesthesia, suggesting mechanical allodynia occurs
in disturbances of spinothalamic pathways that spare the tactile-
signaling pathways [17]. We also observed a moderate negative cor-
relation between MPT and evoked pain, cold allodynia, and wind-up,
suggesting that a relative spearing of the spinothalamic tract could
be associated with evoked pain [14].

On physical examination, CPSCI patients presented with more
spontaneous deep pain and more signs of deafferentation of the
lemniscal, spinothalamic, and corticospinal tracts (more severe
cold and tactile hypoesthesia, motor impairment, and spasticity)
compared to CPSP patients. It was also previously described that
neuropathic pain dimensions, such as deep pain and paresthesia/
dysesthesia, correlated with indices of spinal cord structural damage
[15]. We found some differences in symptoms and somatosensory
assessment when comparing patients with neuropathic pain due to
brain injury (CPSP) to those with neuropathic pain due to spinal cord
injury (due to neuromyelitis optica). This variability of characteristics
may be related to the location of the lesion and, consequently, differ-
ent proportions of involvement of spinothalamic and lemniscal path-
ways. We studied, through QST, the area of greatest neuropathic
pain and compared it with a contralateral control region in stroke
and above the sensory level in SCI, similar to what is performed in
clinical practice and according to validation studies [37]. CNP sen-
sory evaluation by QST can be challenging in such instances, be-
cause pain areas may be located in diverse body segments [12, 48],
not necessarily those areas that were previously mapped in studies
aimed at providing normative data for QST [37].

Furthermore, inherent innervation density, innervation quality,
and skin thickness differences across body regions may affect the
interpretation of QST results [37]. Regarding the comparison with
the patients' control areas (QST ratio), it is not possible to affirm that
the differences are similar when comparing sides or somatosensory
levels. However, most QST ratio modalities were similar between
CPSP and CPSCI, except for the WUR ratio, SUThC ratio, MDT ratio,
and CPT difference, which were congruent with the different clini-
cal manifestations of neuropathic pain between the two groups, as
discussed above.
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TABLE 3 Sensory thresholds in the
neuropathic pain area. CPSP,N =39 CPSCI, N =40 P
Detection thresholds
CDT, °C 18.8 (1.0-0.26.5) 24.0 (14.1-27.4) 0.180
WDT, °C 42.8 (35.0-50.0) 40.3 (36.0-46.4) 0.365
MDT, mN 0.7 (0.3-3.1) 0.7 (0.4-1.5) 0.695
Pain detection thresholds
CPT, °C 1.9 (0.1-14.2) 1.4(0.0-8.1) 0.157
HPT, °C 50.0 (45.7-50.0) 48.4 (44.8-49.8) 0.009*
MPT, mN 235.2(81.4-1078.0) 784.5 (255.0-1078.0) 0.006*
Thermal limen
CDT-CPT difference, °C, 5.6 (0.0-12.9) 20.0 (4.2-22.9) 0.004*
cold limen
HPT-WDT difference, °C, 3.4(0.0-9.4) 5(2.6-8.2) 0.406
heat limen
Evoked pain
SuThC 10.0 (0.1-42.0) 5.0(0.0-0.33.7) 0.030*
SuThH 3.5(0.1-49.0) 29.7 (6.6-48.1) 0.257
SuThM 2.0(0.1-28.0) 10.5 (2.5-29.0) 0.346
WUR 1.0(1.0-1.4) 0.0(0.0-1.9) 0.005*

Note: Numerical nonparametric data are represented as median (25th-75th percentile).
Abbreviations: CDT, cold detection threshold; CPSCI, central pain in spinal cord injury; CPSP,
central poststroke pain; CPT, cold pain threshold; HPT, heat pain threshold; MDT, mechanical
detection threshold; MPT, mechanical pain threshold; SUThC, suprathreshold cold pain stimuli;
SuThH, suprathreshold heat pain stimuli; SUThM, suprathreshold mechanical pain stimuli; WDT,
warm detection threshold; WUR, wind-up ratio (temporal summation), numerical rating scale 10°
mechanical pain/numerical rating scale mechanical pain.

*p <0.05.

To assess whether the affected region could influence the QST
results, we compared the results with the patient's own control body
areas. We additionally performed a subgroup analysis considering
only patients evaluated in the upper limbs or cervical dermatomes
and the lower limbs or lumbar and sacral dermatomes. In the analysis
including upper limbs, the main QST differences remained signifi-
cantly different between groups. However, there was no longer a
significant difference in the lower limb comparisons, which is likely
related to the limited number of patients in this subgroup and the
subsequent decreased power of this comparison. Moreover, al-
though the QST was tested in localized body areas, other assess-
ments such as pain descriptors and somatosensory assessment
through bedside examination relate to the whole pain experience
and, in the case of bedside examination, including the assessment
and comparison of large body areas. These complementary and spa-
tially “broader” assessments corroborated the findings that signifi-
cant differences exist in pain and somatosensory findings between
patients with central pain resulting from brain (stroke) and spinal
cord (NMO) injuries.

We also compared standardized bedside examination with a
comprehensive battery of QST. Several differences were found
between these two approaches, further suggesting that sensory
changes in clinical assessments cannot be inferred from QST results.
For instance, CPSCI patients had more cold and tactile hypoesthesia
and pinprick hyperalgesia, which were not found in the QST. Several

technical differences between the procedures may contribute to this
divergence, such as the biophysics of the stimulus delivered in each
of the scenarios, the body area assessed, and the directions given
to patients to obtain the report of their percept. Although intuitive
and somehow expected, these findings further support the idea that
development and standardization of the clinical assessment and
QST findings cannot be directly translated to what care providers
will find on physical examination on the first medical encounter with
patients with CNP.

Another important point is that in the present study, the
CPSP group was older (59.2+11.2 vs. 48.2 + 11.1 years, p<0.001)
and had a higher proportion of males (59% vs. 32.5%, p = 0.018)
compared to the CPSCI group. These findings reflect the clinical
practice and are compatible with the prevalence of the two dis-
eases concerning sex and age. Stroke is more prevalent in males
and older people [28, 33, 49], whereas NMO is more prevalent in
middle-aged women [50]. Although stimulus-specific changes in
pain perception according to sex and age were previously reported
[37, 51], most differences remained after case-control matching
analysis based on sex and age.

Reflecting the reality in clinical practice, 20.5% of CPSP and
57.5% of CPSCI had more than one CNS lesion. Although signs and
symptoms guided us to determine the topography of the most rel-
evant lesion, it is not possible to rule out that other central lesions
do not influence the results. Additionally, the generalizability of the
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Neuropathic pain after cerebral lesion

( stroke)
{

Higher evoked and
paroxysmal pain scores

BB More severe pinprick
dsid
hypoalgesia and allodynia
Lower cold limen
and cold pain thresholds
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T

Neuropathic pain after spinal cord lesion
(neuromyelitis optica)

Higher deep pain and
paresthesia scores

More severe hypoesthesia to touch
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FIGURE 2 Major differences observed between patients with central poststroke pain and central pain after spinal cord injury
in neuromyelitis optica. Pain descriptors were evaluated according to the Neuropathic Pain Symptoms Inventory. Bedside refers to
somatosensory assessment through physical examination. Areas colored in dark red represent pain areas with higher prevalence, followed

by lighter red and yellow. QST, quantitative sensory testing.

present findings to other patients with central pain of distinct etiol-
ogy remains to be determined. Another important study limitation is
that patients with stroke lesions in different areas were considered
as a single group, which, although still little explored, may influence
the clinical manifestations of central pain [32, 38]. Although our sen-
sitivity analysis did not demonstrate significant differences in pain
descriptors and somatosensory profile among the main four stroke
locations, the small number of patients in each subgroup may have
decreased the power of these assessments. Studies comparing more
specific topographies with a larger number of patients could better

clarify the influence of topography on central pain.

CONCLUSION

Spinal cord-related CNP patients had more deep pain scores and
more intense signs of deafferentation of lemniscal and spinotha-
lamic pathways, whereas cerebral stroke-related neuropathic pain
patients had more paroxysmal and evoked pain scores and less
marked somatosensory impairment, especially concerning mechani-
cal detection and pain thresholds. Different levels of central nerv-
ous system injury (spinal cord/brain) coursing with neuropathic pain
seem to influence the clinical manifestations of neuropathic pain
with differences in pain descriptors, physical examination, and QST.
CNP can manifest with a considerable variety of symptoms and signs,

and there are no ubiquitous characteristics among patients. This

heterogeneity could be partly explained by different lesion locations
and, consequently, different underlying mechanisms involved in the
painful process. Trial design and treatment choice should be guided
by these differences. Grouping patients with different etiologies of
CNP may add an unsought variability to mechanistic and therapeu-
tic studies and may negatively impact the detection of significant

effects.
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