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Abstract
Background

Post-stroke pain (PSP) is generally a severe complication in stroke rehabilitation. It is always associated
with allodynia and hyperalgesia to nociceptive stimuli. Previous studies believed that PSP was related
with tissue injury at certain brain territory, possibly thalamic lesion. However, there is very little evidence
that the risk of PSP has a salient association with the side of lesion location (left or right hemisphere).
The aim of this study was to assess the relationship between the occurrence of PSP and the lesion
location of stroke.

Methods

We selected relevant literatures by searching EMBASE, ISI Web of Science, PubMed, and systematically
reviewed available publications according to predetermined inclusion criterion. Subgroup analyses were
performed according to the subtype of PSP. The pooled risk estimates were calculated by using a
randomized-effects model.

Results

A total of 19 studies involving 2038 patients suffered from cerebral stroke were included. Meta-analysis
showed no signi�cant relationship between brain lesion location and the risk of PSP (OR=0.95 95% CI
0.74–1.23). Subgroups analyses showed that the incidence of post-stroke shoulder pain (PSSP) or
central post-stroke pain (CPSP) was also not associated with the side of brain lesion (PSSP: OR=0.91,
95% CI 0.57–1.46; CPSP: OR=0.99, 95% CI 0.70–1.40). The pooled result of prospective studies had
similar result (RR=1.02, 95% CI 0.84-1.25). Evidence of publication bias has not been found using visual
inspection of a funnel plot and Begg’s and Egger’s tests.

Conclusions

Our systematic meta-analysis suggests that the lesion location of stroke has no signi�cant association
with the incidence of post-stroke pain. Further studies are needed to detect the risk factors for PSP, which
may contribute to the prevention, identi�cation and management of PSP.

Background
Stroke is the leading cause of morbidity and mortality worldwide, and pain is one of the serious common
complications after stroke, which brings a heavy burden to the patients and exerts negative effects on the
rehabilitation of stroke [1]. Post-stroke pain (PSP) presents with a variety of pain, including neuropathic
pain, namely central post-stroke pain (CPSP), nociceptive pain (musculoskeletal pain, shoulder pain,
spasticity-related pain), headache and so on [2]. The estimated prevalence rate of PSP ranges from 10–
45.8% [3], suggesting a di�culty in reliably, accurately, and consistently identifying PSP.
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It is known that the incidence of PSP is associated with brain lesion after stroke [4]. For example, previous
studies have shown that the occurrence of PSP may be caused by the lesion of the dorsolateral prefrontal
cortex, rostral anterior cingulate cortex, amygdala, hippocampus, periaqueductal gray, rostral
ventromedial medulla, and medial thalamus [5]. These studies are mainly based on retrospective data
without using clinical examination or widely agreed criteria for distinguishing different types of pain [6].
Whether the lesion location of stroke is related with the risk of post-stroke pain remains unknown.

In this systematic meta-analysis, PSP patients were enrolled underwent bedside clinical examination. And
using widely accepted criteria, they were diagnosed with different types of pain after stroke. We aimed to
seek reliable information in the literature, present the relationship between the lesion location of stroke
and the risk of PSP and hope to provide evidences for the diagnosis and prevention of PSP.

Methods
This work was conducted in accordance with the Preferred Reporting Items for Systemic Reviews and
Meta-analysis (PRISMA) guidelines (http://www.prisma-statement.org/). All studies that included an
assessment of pain in patients who suffered from stroke and clear data to relate the presence of pain to
the site of the stroke lesion were eligible for inclusion. In addition, our study has been registered in the
International Prospective Register of Systematic Reviews (PROSPERO) (registration number:
CRD42019139928).

Search strategy
A systematic literature search was conducted by searching the online databases EMBASE, ISI Web of
Science and PubMed. We used the terms “pain” in combination with “stroke”. The complete retrieval
strategy for PubMed is: (stroke[MeSH Terms]) OR stroke[Title/Abstract]) OR post-stroke[Title/Abstract])
OR poststroke[Title/Abstract]) OR post stroke[Title/Abstract]) OR Strokes[Title/Abstract]) OR
Cerebrovascular Accident[Title/Abstract]) OR Cerebrovascular Accidents[Title/Abstract]) OR
Apoplexy[Title/Abstract]) OR Vascular Accident, Brain[Title/Abstract]) OR Brain Vascular
Accident[Title/Abstract]) OR Brain Vascular Accidents[Title/Abstract]) OR Vascular Accidents,
Brain[Title/Abstract])) AND (pain[MeSH Terms]) OR pain[Title/Abstract]) OR pains[Title/Abstract]) OR
ache[Title/Abstract]) OR aches[Title/Abstract]) OR headache[Title/Abstract]) OR
headaches[Title/Abstract]). All studies were updated to 31st December, 2019.

In addition, the reference lists of the included studies and relative reviews or reports were also
incorporated into the search boundary. No �lter for methodology of the studies was applied to pledge the
comprehensiveness of the search strategy. After removed the duplicated records, titles and abstracts of
all studies were screened in the �rst round. More research details could be obtained by scrutinizing the
full text. All articles were screened independently by two investigators (SY and JW). Their results reached
consensus. If their opinions were divided, agreement will be reached with the third researcher (YZ).
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Study selection
We included studies and data which met the following criteria: (1) the studies must have detected the
association between lesion site of stroke and post-stroke pain; (2) the Odds Ratio (OR) and the
corresponding 95% con�dence interval (CI) could be calculated from the data provided; (3) CT or MR
scanning was used to con�rm the lesion location of stroke; (4) the search was restricted to studies on
human subjects and the �ndings were published in English. Among duplicate studies, we selected the
result with largest number of original data.

Data extraction
Two independent investigators (SY and JW) selected the studies strictly according to the inclusion
criteria. Disagreements in data extraction between the two investigators were resolved through group
discussions with the third investigator (YZ). The data we collected and extracted from every selected
study included source of patient, research type, sample size, number of PSP, PSP identi�cation and
assessment, types of pain, types of stroke, lesion location, history of stroke and pain. We had not
contacted the corresponding author to collect any required unpublished information.

Quality assessment of selected studies
The quality of included cohort studies and case-control studies was assessed by the Newcastle-Ottawa
scale (NOS) [7]. The NOS uses a ‘star’ rating system to evaluate quality based on the three following
aspects: selection, comparability, and exposure (case–control studies) or outcome (cohort studies).
Scores were ranged from 0 (worst) to 9 stars (best). The scores from 0 to 3 were considered as lower
study quality, scores from 4 to 5 were considered as intermediate study quality, and scores from 6 to 9
were considered as high quality. Study with a score of no less than 4 was included. Furthermore, the
quality of included cross-sectional studies was assessed by an 11-item questionnaire which was
recommended by Agency for Healthcare Research and Quality (AHRQ)
(http://www.ncbi.nlm.nih.gov/books/NBK35156). The issues were answered by ‘YES’ (for 1 point), ‘NO’
(for 0) or ‘UNCLEAR’ (for 0). The quality of the articles was divided into the three categories according to
the following criteria: low quality = 0–3 points; intermediate quality = 4–7 points; high quality = 8–11
points. Study with low quality will be excluded. Each study was rated independently by another two
investigators (SL and DF).

Statistical analysis
To estimate the heterogeneity of the results, the analysis was performed in two stages. Firstly, all studies
were included to calculate and analyze the relationship of the lesion location of stroke and PSP; secondly,
we performed subgroups analyses based on the different subtype of the PSP: central post-stroke pain
(CPSP) and post-stroke shoulder pain (PSSP). In addition, high-quality prospective cohort studies were
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considered to have a high level of evidence. Therefore, we divided the prospective cohort study into a
subgroup to assess the association between stroke and PSP. Stata software (version 12.0; College
Station, TX, USA) were used for statistical analysis and to obtain forest plots for presenting the results of
pooled analysis and individual studies. I2 statistic were used to examine the heterogeneity among
studies. A random-effects model was used to estimate the pooled ORs and 95% CIs. Sensitivity analysis
was applied to evaluate the stability of the results. During the analysis each study was removed at a time
and the rest were used to recalculate the pooled OR to �nd whether the results were affected statistically
signi�cant. The Begg’s funnel plot and Egger’s test were used to evaluate publication bias [8]. Two-sides
P values less than 0.05 were considered as signi�cant.

Results

Characteristics of the included studies
The initial search included 10439 citations. After screening through title and abstracts, 9828 citations
were excluded initially based on the criteria outlined above. Then, after screening based on the content of
full text, 272 citations were included for further assessment. Finally, 19 original reports with 2038 stroke
patients were selected and judged eligible for inclusion in the meta-analysis after screening through
inclusion/exclusion criteria. The selection process of the studies and speci�c reasons for exclusion are
displayed in Fig. 1. The clinic features and demographics of the studies are outlined in Additional �le 1
(Table S1).

Association between lesion location of stroke and the
incidence of PSP
Firstly, we pooled all the studies together to investigate the association between lesion location of stroke
and incidence of PSP. The 19 studies involved 2038 subjects including 967 patients with left hemispheric
stroke and 1071 patients with right hemispheric stroke. The pooled OR with 95% CI for the association of
stroke location and PSP risk was 0.95 (0.74–1.23) (I2 = 12.4%) (Fig. 2). This result suggests no signi�cant
differences in risk of PSP in relation to the lesion location of stroke.

Subgroup analyses
Next, we did the subgroup analyses of the two different types of PSP, mainly the post-stroke shoulder
pain (PSSP) and the central post-stroke pain (CPSP) (Fig. 3) from the above 19 studies. Because
musculoskeletal pains, spasticity-related pain and headache were not appeared in the included 19
reports, the analyses on these types of pain could not conduct. The results showed no signi�cant
association between lesion location and the incidence of PSSP or CPSP. We also did subgroup analyses
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by pooling the prospective studies together, but no positive result was found (RR = 1.02, 95% CI 0.84–
1.25) (Fig. 4).

Quality assessment and sensitivity analyses
Quality assessment of the studies was shown in Additional �le 2 (Table S2) and Additional �le 3 (Table
S3). All the 19 included studies scored no less than 4 based on the NOS and AHRQ. We then conducted
sensitive analyses to assess the in�uence of each study on the pooled OR. As shown in Fig. 5, when any
single study was removed, the corresponding ORs were not signi�cantly changed, suggesting high
stability of this meta-analysis.

Publication bias
Begg’s funnel plot and Egger’s linear regression were performed to assess the publication bias of the
included studies. The shapes of the funnel plots did not reveal any evidence of obvious asymmetry. The
results of Egger’s test also showed that there were not statistically signi�cant differences. (total: PEgger’s

test=0.732; prospective studies: PEgger’s test=0.745)

Risk of bias assessment for included studies

Bias from study design
Eight included studies are prospective studies [9, 10, 12, 13, 15, 19, 20, 22, 23], they collected baseline
information of stroke patients and followed at periodic intervals to examine the incidence of PSP (Fig. 6).
Other studies consist of retrospective studies and cross-sectional studies, which are less adept at proving
a causal relationship and were di�cult to con�rm the explicit time of PSP occurrence.

Bias from inclusion criterion
Nine studies only included patients with �rst-ever stroke [13–15, 18–24], while 2 studies did not exclude
patients with previous studies [9, 10]. Eight studies did not mention the selection criterion about stroke
history [11, 12, 16, 17, 24–27]. Since different lesion site of stroke may have different effect, it is di�cult
to distinguish the impact of recurrent stroke with different lesion location. Similarly, three studies have
not excluded patients with history of pain prior to stroke and 5 studies have not given the exclusion
criterion about history of pain, which may interfere with the diagnosis of PSP (Fig. 7).

Bias from subtype of stroke
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Most of the included studies have involved both ischemic and hemorrhagic stroke. 4 studies only
included patients with ischemic stroke [13, 19, 22, 23], while 1 study [15] discussed CPSP only about
hemorrhagic stroke and 1 study [18] has not given the speci�c stroke type. Because of the different
mechanism of pathogenesis, it is better to describe the impact of hemorrhagic and ischemic stroke
respectively.

Bias from PSP de�nition
There are several methods for pain measurement, such as Visual Analogue Scale (VAS) (5 studies [9, 17,
18, 20, 24]), numerical rating system (NRS) (5 studies [14, 15, 22, 23, 25]), Douleur neuropatathique en 4
questions (DN4) (3 studies [22, 25, 27]), The Leeds Assessment of Neuropathic Symptoms and Signs
(LANSS) (2 studies [24, 25]) or combined assessment. The check of PSSP is always companied with
assessment of upper-limp. Moreover, there is also part of overlap between PSSP and CPSP, which adds to
the complexity of diagnosis (Fig. 8) [2].

Discussion
Post-stroke pain restricts patients’ daily life after stroke and needs close attention in diagnosis and post-
stroke care [28]. It is of great signi�cance to explore the potential risk factors of PSP for clinical diagnosis
and treatment as a consequence. Many factors have been proved to be associated with the incidence of
PSP. Signi�cant risk factors for PSP included female gender, greater alcohol intake, increased severity of
stroke, depression, diabetes and vascular disease of blood vessels supplying the lower limbs [29]. Other
characteristics associated with the incidence of PSP include hemorrhagic stroke and initial mobility
limitation [30]. In addition, older people are more likely to develop PSP from 3 to 18 months after stroke
onset [27]. Even though, there was no direct evidence to support the hypothesis that the lesion location of
stroke was an important confounder for the diagnosis of PSP. It is reported that the right hemisphere was
more frequently relative with pain [31]. But further studies with larger sample size of patients are needed
to con�rm this conclusion.

Our present study, for the �rst time, systematically reveals that the lesion side of stroke (left or right
hemisphere) has no relationship with the incidence of post-stroke pain, which means the morbidity of
post-stroke pain is similar in both left hemisphere stroke and right hemisphere stroke. Our study has also
�rst analyzed two types of PSP, central post-stroke pain (CPSP) and post-stroke shoulder pain (PSSP),
respectively. Our results show that neither the risk of CPSP nor the risk of PSSP is signi�cantly associated
with the site of stroke induced brain injury. In addition, the subgroup analysis of prospective cohorts
proved that lateralization of stroke has no signi�cant association with PSP.

Although this meta-analysis proved that the lesion location of stroke was not associated with the risk of
PSP, the correlation between the lesion site and the incidence of PSP cannot be completely ruled out.
Identi�cation of PSP has always been a big challenge for physicians due to the speci�c natural history
and various factors. For example, post-stroke patients may have motor problems, impairment of
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language skills, cognitive decline or depressive tendencies, which may lead to the patients’ neglect or
inattention to pain [32, 33]. Furthermore, pain is a subjective sensuousness. Despite many scales, such as
VAS, DN4 and LANSS, were used for pain assessment in clinical practice, there was no speci�c scale for
PSP assessment so far, which may cause heterogeneity in pain assessment between the included
studies. In addition, only CPSP and PSSP were included in subgroup analysis. Other common subtype of
PSP, such as pain secondary to spasticity, complex regional pain syndrome, headache or any
combinations of at least two typical syndromes, were not analyzed due to fewer cases.1 Not only was the
subgroup analysis of PSP not complete, but also the classi�cation of pain should be considered.
Constant pain, spontaneous intermittent pain or hyperalgesia/allodynia may correspond to disparate
region of injury.8 Besides, the time interval between stroke and pain assessment varied widely from
several weeks to years in the included studies, which made it di�cult to de�ne the time of illness.

Strengths And Limitations
Our study clearly points out that lesion location (left or right hemisphere) has no signi�cant relationship
with the incidence of PSP. As shown in the subgroup analysis and sensitivity analysis, the result is stable
and has low heterogeneity. However, we must admit that there are several limitations in our study. Firstly,
the possibility of information and selection biases and unidenti�ed confounders cannot be completely
excluded because all the included studies were observational. Secondly, the analysis of the lesion site
after stroke is not very comprehensive. In fact, anatomical location such as thalamus or spinal cord may
also be related with PSP [2]. Thirdly, the time interval between stroke and pain assessment varied widely
from several weeks to years. Cumulative effect contributes to the high incidence of PSP for long time
interval studies, which may have in�uence on our results. Lastly, we restricted our search strategy to
articles published in English. While, articles with potentially high-quality data that were published in other
languages were not included because of anticipated di�culties in obtaining accurate medical translation.

Conclusions
Overall, our review, which used the highest protocol for systematic reviews of the relevant literature
indicates that there is no signi�cant relationship between the lesion location and the risk of post-stroke
pain. Further investigation of PSP with brain imaging and other advanced methodologies may give way
to the development of clinical trials that can address treatment options for PSP. In addition, more high-
quality prospective studies with homogeneity should be conducted to demonstrate the correlation of PSP
and the location of stroke. Innovation the assessment and identifying the risk of PSP may contribute to
individualization of PSP prediction and help improving patients’ quality of life.
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Figure 2

Flow chart of the selection of studies and speci�c reasons for the exclusion from the present meta-
analysis.
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Figure 4

The forest plot of odd ratio (ORs) with 95% CI for the overall association of stroke lesion location with
PSP risk.
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Figure 6

The forest plots of odd ratio (ORs) with 95% CI for the association of stroke location with PSSP/CPSP
risk.
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Figure 8

The forest plots of relative risk (RRs) with 95% CI for the association of stroke location with PSP risk.
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Figure 10

Sensitive analyses of the total study.
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Figure 12

The Funnel blot of the prospective studies.
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Figure 14

The Funnel blot of the total studies.
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Figure 16

The Funnel blot of the subgroups.
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