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ABSTRACT

Introduction: Central post-stroke pain (CPSP)
is defined as the neuropathic pain that arises
either acutely or in the chronic phase of a
cerebrovascular event and is a result of central
lesions of the somatosensory tract. The aim of
this systematic review and meta-analysis was to
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establish the prevalence of CPSP, to describe its
characteristics, and to discuss the associated
management challenges.

Methods: After a systematic Medline search, we
identified 69 papers eligible to be included.
Results: The pooled prevalence of CPSP in
patients with stroke at any location was 11%
(95% CI 7-18%), which can increase to more
than 50% in the subgroups of patients with
medullary or thalamic strokes. CPSP onset
coincides with stroke occurrence in 26% of
patients (95% CI 18-35%); CPSP manifests
within a month since symptom onset in 31% of
patients (95% CI 22-42%), and occurs between
the first month and the first year in 41% of
patients (95% CI 33.9-49.0%). CPSP develops
more than 12 months after stroke onset in 5%
of patients (95% CI 3-8%).

Conclusions: Clinicians should look for any
evidence of central neuropathic pain for at least
12 months after stroke. Both pharmacological
and non-pharmacological interventions can be
used for the management of CPSP. Lamotrigine
has the strongest evidence (Level II of evidence,
derived from small randomized controlled tri-
als) for being effective in the management of
CPSP. Future research should focus on well-de-
signed trials of pharmacological and non-phar-
macological interventions aiming to relief
CPSP, which is a very common but often
neglected pain syndrome.
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Key Summary Points

Central post-stroke pain affects 11% of
patients with stroke

More than 50% of patients with a strokes
affecting the somatosensory tract will
develop central post-stroke pain

More than 50% of patients that will
develop central post-stroke pain will do so
in the first month after stroke

Clinicians should look for any evidence of
central neuropathic pain for at least
12 months after stroke

INTRODUCTION

According to the International Association for
the Study of Pain (IASP), neuropathic is any
pain caused by a lesion or disease of the
somatosensory system [1, 2]. It can be sponta-
neous or evoked and may manifest as an
extreme response to a painful stimulus (hyper-
algesia) or a painful response to a normally
painless stimulus (allodynia) [1].

Clinically, neuropathic syndromes are char-
acterized by a combination of various symp-
toms other than pain, such as tingling,
numbness, or pins and needles sensations. Such
syndromes can be classified into two categories:
those that arise from damage in the peripheral
nervous system and those that are a conse-
quence of a central lesion or condition [3].

Central post-stroke pain (CPSP) is defined as
the neuropathic pain that arises either acutely
or in the chronic phase of a cerebrovascular
event (ischemic or hemorrhagic) and is a result
of central lesions of the somatosensory tract [4].

The aim of this systematic review and meta-
analysis was twofold; to establish the prevalence
and describe the characteristics of CPSP using a
meta-analytic approach to systematically review

the literature regarding the associated manage-
ment challenges.

METHODS

Protocol Registration

This review was prospectively registered to
PROSPERO, an international prospective regis-
ter of systematic reviews (registration number
CRD42019157496).

Literature Search Strategy

A systematic literature search was performed on
November 30, 2019 in the PubMed database.
For the search, two Medical Subject Heading
(MeSH) terms were used. Term A was “post-
stroke” OR “post-stroke”. Term B was “neuro-
pathic pain”. No filters were applied. We also
perused the reference lists of the included
papers so as to try and include further papers
reporting on CPSP.

Inclusion Criteria

Articles eligible to be included in this review
were required to meet the following criteria:

1. Papers had to report on subjects with a
definite diagnosis of CPSP.

2. Human subjects were involved.

3. The article was written in English language.

4. Papers were of adequate quality as described
below.

Exclusion Criteria

Articles meeting the following criteria were
excluded from our review:

1. Case series/cohorts with less than ten
patients

2. With less than ten patients per treatment
arm

3. Articles (i.e., review articles, letters, medical
hypotheses, etc.)
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4. Studies not providing detailed clinical data
regarding patients with CPSP

5. Pharmacological or non-pharmacological
studies where CPSP relief was not the
primary aim

6. Animal studies

7. Articles or papers from the same research
teams describing the same patient
population

All article abstracts were screened in tripli-
cate in a blinded fashion. Those found not
complying with the inclusion criteria were
removed and any controversies were dealt with
consensus during a face-to-face meeting, in
which the abstracts were reviewed. All remain-
ing papers were screened again as a full article
by at least three authors and conflicts were set-
tled as previously reported.

Quality Assessment of Included Studies

For prevalence studies, we evaluated their
methodological quality using a checklist adap-
ted from Hoy et al. [S]. It consists of nine
questions that assess the representativeness of
the sample, the sampling technique, the
response rate, the data collection method, the
measurement tools, the case definitions, and
the statistical reporting. Each checked question
was scored either as “0” or “1” corresponding
respectively to “low risk of bias” and “high risk
of bias”. The total score ranged from 0 to 9 with
the overall score categorised as follows: 7 to 9:
“high risk of bias”, 4 to 6: “moderate risk”, and O
to 3: “low risk” [6].

For management studies, we used the
Cochrane Collaboration’s tool for assessing the
risk of bias in randomized trials [7] and the
Newcastle-Ottawa scale, which is approved by
the Cochrane Collaboration, for assessing the
quality of non-randomized studies [8]. To
determine the grading of evidence we used the
classification proposed by the American Society
of Interventional Pain Physicians (ASIPP) [9].

This information is available as supplemen-
tary material.

Data Collection Process

Data were extracted from each study in a
structured coding scheme using Excel and
included population size, gender and age dis-
tribution, prevalence data, stroke location,
prognosis, clinical features of CPSP, the means
of diagnosis, the means of treatment, the
response to treatment, the side effects associ-
ated with the treatment, and the follow-up
period of the patients, where applicable. When
there was uncertainty regarding how data
should be interpreted or utilized, at least three
authors discussed the study in question to
ensure CONsensus.

Data Synthesis

This study used aggregate data where possible
and it is reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [10].

Statistical Analysis

Statistical calculation of pooled proportions was
conducted in R language, using the default set-
tings of the “meta” package and the “metaprop”
function with a random effects model [11]. The
outcomes of interest were the proportion of
patients with stroke that developed CPSP, the
distribution of stroke location amongst patients
with CPSP, and the timing of CPSP onset in
patients who developed CPSP. The heterogene-
ity between studies was assessed by the I* test
[12].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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RESULTS

Study Characteristics

The literature search produced a total of 682
results. During the eligibility assessment 615
articles were excluded. Two papers were identi-
fied through screening of the reference lists of
the included papers. Ultimately, a total of 69
studies published between 1989 and 2019 were
included in the present review [13-81]. The
selection process is illustrated in Fig. 1 (PRISMA
chart).

Prevalence

Thirty studies investigated non-selected popu-
lations of stroke sufferers of any age group for
CPSP [13]. Of those, 21 evaluated patients with
stroke at any location, four patients with
medullary stroke, three patients with thalamic
stroke, one patients with stroke affecting the
somatosensory tract, and one patient with cor-
tical stroke. Furthermore, two studies investi-
gated non-selected populations of stroke
sufferers of specific age groups (one in patients
younger than S50years old [43] and one in
patients over 70years old [44]) for CPSP.

Term A Term B

poststroke or post-stroke neuropathic pain

| |

682 articles identified by the systematic search

Quality assessment of those studies showed that
none of them carried a high risk of bias
(Supplement 1).

Figure 2 shows the pooled prevalence of
CPSP in patients with stroke at any location,
following the meta-analysis of 21 available
studies. The pooled prevalence was 11% (95%
CI 7-17%, n = 20,668) [22-42]. However, there
was substantial heterogeneity across the inclu-
ded studies (I = 98%). As seen in the respective
funnel plot there was significant asymmetry
indicating a probable publication bias.

Figure 3 shows the pooled prevalence of
CPSP in medullary stroke using data from four
studies. The pooled prevalence was 57% (95%
CI 24-85%, n = 216) [17]. However, there was
substantial heterogeneity across the included
studies (I* = 93%). As seen in the respective
funnel plot there was significant asymmetry
indicating a probable publication bias.

Figure 4 shows the pooled prevalence of
CPSP in thalamic stroke using data from three
studies. The pooled prevalence was 52% (95%
CI 41-62%, n=93) [13, 15]. There was no
heterogeneity across the included studies
(I> = 0%). As seen in the respective funnel plot,
there was no significant asymmetry to indicate
publication bias.

509 articles excluded during the ab ing process
67 studied less than 10 patients
20 trials had less than 10 patients per treatment arm

!

173 full-text articles retrieved for full text eligibility assessment

2 additional articles were
identified by

» 146 were non-original (i.e. review articles, letters etc)
158 did not provide detailed data regarding CPSP patients
118 were animal studies

106 articles excluded during the full text eligibility assessment.
3 studied less than 10 patients
19 trials had less than 10 patients per treatment arm

» 20 were non-original (i.e. review articles, letters etc)

the reference lists of
included articles

A
69 articles were included

Fig. 1 PRISMA chart

52 did not provide detailed data regarding CPSP patients
4 trials did not have CPSP relief as the primary aim
8 articles were duplicate / referring to the same population
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(a) : .
Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Andersen 1995 16 207 ‘-'-'- 0.08 [0.04;0.12] 1.9% 4.8%
Bashir 2017 6 120 —e'— 0.05 [0.02;0.11] 0.7% 4.5%
Choi-Kwon 2006 12151 =+ 0.08 [0.04;0.13] 1.4% 4.7%
Choi—-Kwon 2017 22 364 ‘:P‘ 0.06 [0.04;0.09] 2.7% 4.9%
Hong 2012 19 52 —_— 0.37 [0.24;051] 1.6% 4.8%
Jonsson 2006 4 297+, i 0.01 [0.00;0.08] 0.5% 4.3%
Klit 2011 21 608 *-: 0.03 [0.02;0.05] 2.6% 4.9%
Klit 2014 15 275 -7— 0.05 [0.08;0.09] 1.8% 4.8%
Kong 2004 13 107 E—'— 0.12 [0.07;0.20] 1.5% 4.7%
Krause 2016 23 45 s — 0.51 [0.36;0.66] 1.5% 4.7%
Kumar 2016 66 319 | — 0.21 [0.16;0.26] 6.8% 5.0%
O'Donnell 2013 431 15754 ’ 0.03 [0.02;0.03] 54.3% 5.0%
Osama 2018 23 65 | —_— 0.35 [0.24;0.48] 1.9% 4.8%
Paolucci 2016 21 546 *T: : 0.04 [0.02;0.06] 2.6% 4.9%
Pellicane 2013 14 146 ;—*— 0.10 [0.05;0.16] 1.6% 4.8%
Raffaeli 2013 66 601 |+ 0.11 [0.09;0.14] 7.6% 5.0%
Sahin-Onat 2016 24 48 i —_— 0.50 [0.35;0.65] 1.6% 4.7%
van Kollenburg 2012 10 212 =+ 0.05 [0.02;0.09] 1.2% 4.7%
Vukojevic 2018 32 602 + : 0.05 [0.04;0.07] 3.9% 4.9%
Weimar 2002 11 119 ;—'-— 0.09 [0.05;0.16] 1.3% 4.7%
Zeilig 2013 16 30 —_— 0.53 [0.34;0.72] 1.0% 4.6%
Logit transformed estimate 20668 0.05 [0.05; 0.06] 100.0% -
Random effects model e 0.11 [0.07; 0.17] - 100.0%
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Fig. 2 Forest plot (a) for the prevalence of central post-stroke pain amongst patients with stroke at any location. The
asymmetry in the respective funnel plot (b) indicates probable publication bias

The study reporting patients that had suf-
fered a stroke affecting the somatosensory tract,
at any site, showed a similar prevalence of pain
to that of patients with thalamic strokes with a
CPSP of 53% (n=30) [16]. The study that
reported patients that had suffered a cortical

stroke showed a prevalence of CPSP of 17%
(n = 24) [21].

Both studies that investigated non-selected
populations of patients with stroke of specific
age groups included patients with all stroke
locations. The prevalence of CPSP in the old was
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(a) Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Fitzek 2001 8 12 —_— 0.67 [0.35;0.90] 8.2% 23.5%
Jong 1999 53 55 . — 0.96 [0.87;1.00] 5.9% 22.1%
Kim 2009 21 86 —+— 0.24 [0.16;0.35] 49.0% 27.3%
MacGowan 1997 16 63 —+—+— 0.25 [0.15;0.38] 36.8% 27.0%
Logit transformed estimate 216 S~ : 0.33 [0.26; 0.41] 100.0% -
Random effects model —— 0.57 [0.24; 0.85] - 100.0%
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Fig. 3 Forest plot (a) for the prevalence of central post-stroke pain amongst patients with medullary stroke. The asymmetry

in the respective funnel plot (b) indicates probable publication bias

11% (n=72) [44] and in the young 6%
(n = 824) [43].

Stroke Location in Patients with CPSP

Twenty-three studies provided data regarding
the stroke location in non-selected populations
of patients with CPSP [22, 23, 30, 33, 36, 43,
45-61]. The majority of patients with CPSP
suffered a thalamic stroke (42%, 95% CI
33-52%, I> = 79%), followed by lobar strokes
(21%, 95% CI 14-30%, I = 74%), strokes in the
basal ganglia (16%, 95% CI 11-23%, I = 63%),
brainstem strokes (14%, 95% 11-17%, I* = 0%),
and cortical strokes (9%, 95% CI 5-16%,
I? = 72%). The forest plots and the respective

funnel plots are available as supplementary
material.

Timing of CPSP

Sixteen studies provided data regarding time of
CPSP onset since stroke [17, 20, 22-25, 28,
30, 31, 41, 43, 57, 62-66]. Meta-analysis of those
studies showed that CPSP onset coincides with
stroke occurrence in 26% of patients (95% CI
18-35%, I = 67%), is within a month since
stroke in 31% of patients (95% CI 22-42%,
I? = 71%), is between the first month and the
first year in 41% of patients (95% CI 33-50%,
I? = 60%), and develops more than 12 months
after the stroke in 5% of patients (95% CI 3-8%,
I = 1%). The forest plots and the respective
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(a) Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
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Fig. 4 Forest plot (a) for the prevalence of central post-stroke pain amongst patients with thalamic stroke. The symmetry in
the respective funnel plot (b) indicates no publication bias

funnel plots are available as supplementary
material.

PHARMACOLOGICAL
MANAGEMENT

Selective Serotonin Reuptake Inhibitors
(SSRIs)

In an open-label, observational study, Shimod-
ozono et al. investigated the pain relief effect of
fluvoxamine in 28 patients with CPSP [66]. After
4 weeks of treatment, pain scores captured with
the visual analogue scale (VAS) were signifi-
cantly reduced. Interestingly, the subgroup
analysis showed that the pain improvement was

significant only in patients who were treated
within 1 year from stroke.

Tricyclic Antidepressants (TCAs)

In a double-blind, three-phase, cross-over, pla-
cebo-controlled trial of the pain-relieving effect
of amitriptyline and carbamazepine in patients
with CPSP (n = 15) but not signs of depression,
Leijon and Boivie showed that only amitripty-
line produced a statistically significant reduc-
tion of pain when compared to placebo
(Level III of evidence) [67].

Macgowan et al. demonstrated the response
to treatment with amitriptyline in 16 patients
with CPSP because of lateral medullary infarc-
tion [18]. Pain resolution was obtained in two
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participants, while all the others reported a
significant reduction of pain at a tolerable level.

Anticonvulsants

Pregabalin is the most tested agent for the
management of CPSP, but the evidence for its
effectiveness is somewhat contradictory. Few
open-label studies have reported that pregabalin
is effective in the management of CPSP either as
a single treatment [25] or as an add-on [68]. In
an open-label randomized controlled trial
(RCT), Kalita et al. compared pregabalin to
lamotrigine in 30 patients with CPSP [63] and
found that both were equally effective in CPSP.
However, the effectiveness of pregabalin in
reducing pain levels has not yet been confirmed
in a placebo-controlled RCT (Level III of evi-
dence). Kim et al. evaluated the safety, efficacy,
and tolerability of pregabalin in 219 patients
with CPSP [69]. Although pain reductions at
endpoint did not differ significantly between
pregabalin and placebo, improvements in sec-
ondary outcomes such as sleep and anxiety
suggested some utility of pregabalin in the
management of CPSP.

Lamotrigine has shown potential for the
management of CPSP, but the current evidence
is based only on small studies (Level II of evi-
dence). Apart from the study conducted by
Kalita et al. mentioned above [63], Vestergaard
et al. investigated the effectiveness of orally
administered lamotrigine 200 mg daily in an
intent-to-treat population of 27 patients with
CPSP in a placebo-controlled RCT [70]. Pain
scores in the lamotrigine group were signifi-
cantly reduced compared to placebo. In the
study conducted by Kalita et al., a small number
of patients on lamotrigine had to discontinue
treatment because of skin rash [63], whereas in
the study by Vestergaard et al. lamotrigine was
well tolerated with few and transient side effects
[70].

In a prospective open-label observational
study, Hesami et al. reported that gabapentin
300 mg twice daily was effective in the man-
agement of CPSP in 84 patients with thalamic
stroke [71].

Neither levetiracetam nor carbamazepine
has been found to be effective in the manage-
ment of CPSP to date [67, 72].

Serotonin-Norepinephrine Reuptake
Inhibitors (SNRIs)

In an open-label study, Kim et al. investigated
the efficacy of duloxetine as add-on in 37
patients with CPSP [73]. There was a significant
reduction of pain intensity between the base-
line and the follow-up assessment. Adverse
events leading to withdrawal included nausea,
agitation, and somnolence.

Naloxone

In a placebo-controlled RCT Bainton et al.
examined the role of intravenously adminis-
tered naloxone in the management of CPSP.
The researchers concluded that intravenously
administered naloxone is of no value in allevi-
ating such pain [74].

NON-PHARMACOLOGICAL
MANAGEMENT

Magnetic Stimulation

Repetitive transcranial magnetic stimulation
(rTMS) is a safe and well-tolerated intervention
that has been used for the treatment of many
forms of neuropathic pain [82, 83]. The use of
rTMS of the motor cortex for the treatment of
CPSP has only been studied in small studies
(fewer than 25 subjects in each study) with
contradictory results. However, there was a
great deal of heterogeneity of the studies as the
studied populations had different characteris-
tics including stroke location and the rTMS was
in different sites while different protocols of
stimulation were applied.

In 2014, de Oliveira et al. conducted a sham-
controlled RCT in 23 patients with
intractable CPSP. The interim analysis showed a
significant lack of efficacy of the active arm
leading to early termination of the study [735].
However, two more recent sham-controlled
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RCTs had promising results. Khedr et al. showed
that five daily sessions of rTMS over the motor
cortex of patients with intractable CPSP can
produce pain relief lasting 2 weeks [45] (Level III
of evidence). Shimizu et al. showed that in
patients with intractable lower limb CPSP deep
rTMS can effectively be used to achieve short-
term pain relief [58] (Level Il of evidence). A
case—control rTMS study using neuronavigation
suggested that restoration of abnormal cortical
excitability might be one of the mechanisms
underlying pain relief as a result of deep rTMS in
intractable CPSP [54].

In an open-label study, with no control
group, Kobayashi et al. reported that maintain-
ing rTMS once a week as add-on therapy can
help to relieve CPSP for at least 12 months [51].
Using neuronavigation, Hasan et al. suggested
that the effect of r'TMS may be mediated via
circuitries that share the processing of noxious
and thermal signals, such as the insula and the
somatosensory and anterior cingulate cortices
[53]. In an interesting study conducted by Goto
et al. who used diffusion tensor fiber tracking, it
was shown that apart from the corticospinal
tract, the thalamocortical tract also plays a role
in pain reduction by rTMS [81]. Moreover, it has
also been suggested that presence of depression
can affect the outcome of r'TMS in patients with
CPSP as the antalgic effect is more prominent in
patients without depression [76].

Electrical Stimulation of Brain and Spinal
Cord

Spinal cord stimulation (SCS) for the manage-
ment of CPSP has been used in three open-label
non-controlled studies, which suggested that
SCS may provide improved long-term pain
control (Level IV of evidence) [50, 56, 77].
Motor cortex stimulation (MCS) has been
studied in small open-label non-controlled
studies [48, 59, 61, 78] showing satisfactory pain
control that was preserved for up to 2 years
(Level IV of evidence). Katayama et al. con-
cluded that responders to MCS were mostly
patients with CPSP and intact corticospinal
tract neurons, suggesting that the pain control
atforded by MCS requires neuronal circuits that

are maintained by those neurons [59].
Katayama et al. also conducted another study
comparing the efficacy of SCS, MCS, and deep
brain stimulation (DBS). They found that satis-
factory pain control was obtained more fre-
quently as the stimulation site was moved to
higher levels (7% by SCS, 25% by DBS, and 48%
by MCS) [79]. These findings imply that
abnormal processing of nociceptive informa-
tion develops at the level of deafferentation and
spreads to higher levels to a varying extent [79].

Role of Prophylactic Treatment

Lampl et al. randomly classified participants
into two groups: those who received placebo
(n = 20) and those who received amitriptyline
(n =19) as a prophylactic treatment for a year
within the first day after the onset of stroke was
diagnosed [80]. There were no statistically sig-
nificant beneficial effects when participants
were treated with TCAs to prevent the devel-
opment of CPSP.

DISCUSSION

Using a meta-analytic approach, we established
the prevalence of CPSP and showed that more
than 1 in 10 of all patients with stroke will
experience such pain. When looking into
groups of patients with a stroke affecting the
somatosensory tract, this proportion increases
dramatically to more than 1 in 2. The majority
of the patients that will suffer CPSP will do so in
the first month post-stroke. However, a small
proportion of patients might suffer CPSP even
12 months after the cerebrovascular incident.

A clinical implication of this is that stroke
specialists should consider CPSP as a symptom
that can manifest not only in the acute and
subacute phase of stroke. Our recommendation
is that clinicians should look for any evidence of
central neuropathic pain for at least 12 months
after stroke as addressing this disabling symp-
tom might improve patients’ quality of life
(26, 27, 37, 40].

Although the literature regarding the preva-
lence of CPSP is rich, this is not the case
regarding the pharmacological or non-
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pharmacological management of CPSP. Cur-
rently there is a lack of large randomized trials
of good quality. The best current evidence is
related to the use of amitriptyline and lamot-
rigine, but still deriving from small RCTs.
However, there are not enough studies to allow
one to perform a meaningful meta-analysis.

On the other hand rTMS might be a
promising intervention for the management of
CPSP but there is great variation in the treat-
ment protocols used (number of sessions, fre-
quency of stimulation, site of stimulation)
which highlights the need for future studies
that are needed to shed light onto the potential
of rTMS as a management option and through
which protocol(s).

Our results should be interpreted with some
caution given the limitations of our design.
Firstly, there was a great deal of heterogeneity
between studies used in the meta-analysis. Sec-
ondly, we have only searched for publication in
PubMed and we, therefore, might have missed
few more papers that are indexed only in other
databases. Further, there is a significant publi-
cation bias as can be seen in the funnel plots.
Finally, there were no restrictions in date of
publication applied in this review. This was a
deliberate decision made in order to review the
full range of literature pertinent to the topic in
question. However, a consequence of inclusion
of older literature is heterogeneity as the clinical
outcomes changed over time.
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