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Abstract N
Background: Central poststroke pain (CPSP) is a neuropathic pain syndrome that can occur after a cerebrovascular accident. It |
has negative effects on mood, sleep, rehabilitation, and quality of life in stroke patients. This systematic review assessed the efficacy
and safety of nonpharmacological therapies for treating CPSP.

Methods: The Cochrane, PubMed, Embase, and Web of Science databases were systematically searched for studies from
inception to August 2020. Two authors worked independently and in duplicate to identify suitable studies.

Results: Eleven studies were identified. Pain related to CPSP was ameliorated by precentral gyrus stimulation (P=.01), caloric
vestibular stimulation (P=0.004), transcranial direct current stimulation (P <.05), and bee venom acupuncture point injection
(P=.009). Acupuncture (P=.72) and electroacupuncture therapies (P>.05) were as effective for thalamic pain as oral
carbamazepine treatment. Motor cortex stimulation, but not deep brain stimulation (DBS), was effective for treating refractory CPSP,
and appeared to be more effective than thalamic stimulation for controlling bulbar pain secondary to Wallenberg syndrome. However,
DBS in the ventral striatum or anterior limb of the internal capsule improved depression (P=.020) and anxiety in patients with
refractory CPSP. Some serious adverse events were reported in response to invasive electrical brain stimulation, but most of these
effects recovered with treatment.

Conclusions: Nonpharmacological therapies appear to be effective in CPSP, but the evidence is relatively weak. Invasive electrical
brain stimulation can be accompanied by serious adverse events, but most patients recover from these effects.

Abbreviations: CPSP = central poststroke pain, CVS = caloric vestibular stimulation, DBS = deep brain stimulation, MCS =
motor cortex stimulation, PMC/DLPFC = premotor cortex/dorsolateral prefrontal cortex, PVG = periventricular gray, RCT =
randomized controlled trial, rTMS = repetitive transcranial magnetic stimulation, tDCS = transcranial direct current stimulation,
VS/ALIC = ventral striatum/anterior limb of the internal capsule.
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1. Introduction

Central poststroke pain (CPSP) is a neuropathic pain syndrome
that occurs after a cerebrovascular accident and corresponding
vascular lesion. It mostly develops within 1 to 6 months of
stroke.'! Tt is commonly characterized by spontaneous or
evoked pain and sensory abnormalities, associated with the
disruption of somatic sensations./**! The pain can be continuous
or intermittent!™ and usually varies in intensity, increasing with
external stimuli such as cold, movement, touching, or stress, and
decreasing with relaxation and distraction.™®”! In most cases,
the pain is described as burning, throbbing, pricking, aching,
allodynia, lacerating, freezing, squeezing, or penetrating.!"®! It
has also been proposed that CPSP has a negative impact on
mood, quality of sleep, rehabilitation, and quality of life in
patients with stroke.l>*8! The underlying mechanisms of CPSP
have not yet been elucidated.’® Generally, CPSP is diagnosed by
exclusion, when other causes of nociceptive, psychogenic, or
peripheral neuropathic origin have been excluded.! Patients
with CPSP may also have aphasia and severe depression, which
can make pain assessment more difficult, and delay the start of
treatment.
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Treatment of CPSP is aimed at pain alleviation rather than
complete pain relief, and no standard treatment has yet been
established.!®®! The current mainstream treatments are phar-
macological in nature."®' Several nonpharmacological therapies
have also been demonstrated to be effective for patients with
CPSP in clinical trials;!>'"'?I however, few systematic reviews
have summarized their effectiveness and safety.'>3! Hence, this
systematic review was conducted to evaluate the efficacy and
safety of nonpharmacological therapies for controlling CPSP,
based on scientific evidence.

2. Methods

2.1. Data sources and search strategy

Cochrane, PubMed, Embase, and Web of Science databases were
searched from inception to August 2020 to identify available data
sources using the chosen search strategies (Supplemental Table,
http:/links.lww.com/MD/E993). Both free-text words and
Medical Subject Headings were used to search PubMed.
Language was restricted to English. Conference abstracts and
the reference lists of all identified related publications were also
scanned to ensure the inclusion of relevant randomized
controlled trials (RCTs).

2.2. Selection criteria

To screen studies, the inclusion criteria were as follows: RCTs
involving individuals with a diagnosis of CPSP; RCTs evaluating
all nonpharmacological therapies for the treatment of CPSP;
RCTs comparing nonpharmacological therapies with placebo or
other therapeutic interventions (pharmacological or nonphar-
macological); and RCTs reporting efficacy outcome(s).

The exclusion criteria were as follows: reviews, animal studies,
case reports, dissertations, and duplicate or secondary analyses;
studies that were unavailable in English; or CPSP data were
unable to be separately extracted.

2.3. Data extraction and analysis

Two authors worked independently and in duplicate to identify
suitable studies that met the selection criteria, by screening the
title and abstract of each study and then verifying all potential
articles in full. Data extracted from the RCTs included study
design, participant characteristics, and outcomes. Each study’s
methodological quality was assessed using the “risk of bias”
assessment tool developed by the Cochrane Collaboration.!™*!
Disagreements and discrepancies were resolved by discussion, or
with the help of an adjudicator if necessary. All statistical
analyses were conducted in RevMan 5.3 software. We calculated
mean differences (MDs) with 95% confidence intervals (Cls) for
continuous outcomes and odds ratios with 95% Cls for
dichotomous data. Statistical significance was defined as P <.05.
Due to the small number of participants included in the paper, if
the paper directly provides data analysis results, we choose to
directly extract the analysis results rather than reanalysis.

3. Results

3.1. Study selection and characteristics

From the initial database search, 6499 papers were identified. Of
these, only 11 studies!®®%111215-211 fyifilled the inclusion
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Figure 1. Flowchart of study selection.

criteria and were included in this systematic review (Fig. 1).
Table 1 summarizes the general characteristics and outcomes of
each trial. The included trials were published between 1993 and
2017. Sample sizes ranged from 3 to 60, with 166 participants in
total.

Nonpharmacological therapies for CPSP involved implanted
electrical brain stimulation (n=35),['»1%16:20211 repetitive trans-
cranial magnetic stimulation (rTMS; n=1),""" caloric vestibular
stimulation (CVS; n=1),!"! acupuncture (n=3),1-18191 and
transcranial direct current stimulation (tDCS; n=1)."! Secondary
outcomes, such as depression, were reported in 4 trials,!*?1%:2!
and adverse effects were reported in 8 trials.[*1 11215718201 Of the
11 trials included in our study, 6 used parallel group
designs! 11121619211 4nd 5 used crossover designs. 52!

[4]

3.2. Quality assessment

We assessed the quality of the included studies using the “risk of
bias,” shown in the summary figure (Fig. 2). The quality of the
trials varied widely, and limitations in study designs were a major
concern. Overall, the quality of the trial methodology in the
included studies was relatively poor. We judged only 1 study!*!
to have an overall low risk of bias.

3.3. Effects of nonpharmacological therapies on aspects
of pain

3.3.1. Invasive electrical brain stimulation. Tsubokawa
et al®” were the first to assess electrical brain stimulation to
ameliorate pain in patients with CPSP. In their study, 4 plate
electrodes (0.5cm in diameter, each separated by 1cm) were
inserted into the epidural space of 11 patients with thalamic pain.
Stimuli, delivered by monophasic square wave pulses, were
applied continuously for 5 to 10minutes on each occasion.
Although the application of precentral gyrus stimulation for
| week achieved satisfactory pain control, the application of
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Figure 2. Results of nonpharmacological therapies for CPSP. CPSP = central poststroke pain.

postcentral gyrus stimulation had no clear effect on pain, or may
have even exacerbated the original pain (P=0.01) (Fig. 3A). The
following year, Katayama et al'*!! performed a clinical study to
assess whether thalamic stimulation and/or motor cortex
stimulation (MCS) were effective in bulbar pain secondary to
Wallenberg syndrome. The results of this small trial revealed that
MCS appeared to be more effective than thalamic stimulation for
controlling bulbar pain, although this result was not significant
(P=.14) (Fig. 3B). Through the aforementioned studies, the
authors hypothesized that better control of deafferentation pain
secondary to central nervous system lesions may be provided by
stimulation at a level more rostral to the site of deafferentation.

In recent years, there have been 2 randomized, double-blind,
placebo-controlled trials evaluating epidural MCS'* and ventral
striatum/anterior limb of the internal capsule (VS/ALIC) deep
brain stimulation (DBS)"'S! to treat refractory CPSP. Eight-
electrode epidural MCS therapy led to good clinical outcomes, !
whereas DBS targeting the VS/ALIC resulted in negative
outcomes!™! as evaluated by the visual analog scale (11%
DBS ON vs 12% DBS OFF, odds ratio=1.05, 95% CI 0.96—
1.15, P=.270). These results seemingly confirm the previous
findings by Katayama et al.l*!!

In another preliminary study,'®! 4 patients with CPSP were
implanted with DBS electrodes in the ventral posterolateral
thalamic nucleus and/or periventricular gray (PVG) contralateral
to the pain. After 1 week of trial stimulation, poststroke pain
appeared to be improved, and there was a better response to PVG
stimulation than to stimulation of the ventral posterolateral
thalamic nucleus. These results suggest that DBS may be effective
in some conditions in CPSP patients.

3.3.2. Repetitive transcranial magnetic stimulation. rTMS is a
noninvasive technique that improves cortical plasticity, thus

altering brain functions. It has been used in a range of
neurological disorders.?>*%! To date, 3 sham-controlled studies
have examined the analgesic effects of rTMS on neuropathic
pain;[***3! however, the data in 2 of these trials were unable to
be separately extracted for CPSP, and were thus excluded.?**°!
In the 1 included trial,”* patients randomly received 10 daily
sessions of active rTMS (n=11) or sham rTMS (n=10) over the
premotor cortex/dorsolateral prefrontal cortex (PMC/DLPFC)
(10Hz, 1250 pulses/d). There was a significant reduction in pain
intensity immediately after active rTMS sessions, but this effect
was not sustained. The study was terminated because of a
consistent lack of analgesic effects. Thus, rTMS of the left PMC/
DLPFC appears not to be effective for relieving CPSP, and new
targets and other stimulation parameters should be trialed.

3.3.3. Transcranial direct current stimulation. tDCS is another
noninvasive brain stimulation technique, and has been used in
various neurological diseases based on its mechanism of altering
the excitability of the cerebral cortex.[**2”1 To date, only 1 sham-
controlled study has examined the analgesic effects of tDCS on
CPSP.”! The results indicated that 3 weeks of tDCS (2mA) of the
primary motor cortex exerted a significant analgesic effect
(P<.05) and improved sensory identification in patients with
CPSP. However, further research into its mechanisms of pain
control is necessary.

3.3.4. Caloric vestibular stimulation. In a crossover study
published in 2008,1'”1 9 patients with CPSP underwent cold water
irrigation and placebo intervention, either by the application of
an ice pack to the pinna or by body temperature irrigation. Cold
CVS had a significant immediate treatment effect for the control
of CPSP compared with placebo (MD =2.04, 95% CI 0.64-3.44,
P=.004) (Fig. 3C). The authors of this study also revealed that
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Figure 3. “Risk of bias” summary: review authors’ judgements about each risk
of bias item for each included trails.

patients with stroke that spared the dominant parieto-insular
vestibular cortex, thus permitting its activation, responded best to
CVS. This finding indicates that CVS may alleviate CPSP via
cross-activation between the parieto-insular vestibular cortex
and the thermosensory cortex in the adjacent dorsal posterior
insula.

3.3.5. Acupuncture. Acupuncture has been an integral part of
traditional Chinese medicine for more than 2000 years.!****! Fan
et al''® conducted a crossover trial to assess acupuncture in the
treatment of CPSP. In this study, 11 patients with thalamic pain
were treated with acupuncture or carbamazepine in a random-
ized order. Both acupuncture therapy and oral carbamazepine
provided comparable benefits for reducing thalamic pain, and the
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analgesic effects of acupuncture were potentially superior to
those of carbamazepine (MD=0.22, 95% CI —1.00-1.44,
P=.72) (Fig. 3D). The acupoints used in the patients in this
study were PC 4, HT 6, SP 10, and KI 6.

Before this study by Fan et al, Jiang et al'"”' assessed the
effectiveness of electroacupuncture for treating postapoplectic
thalamic spontaneous pain. The electroacupuncture treatment
was performed as follows: stainless steel filiform needles (No. 28—
30, 1.5-cun) were inserted perpendicularly into Huatuojiaji
points, to a depth of 0.5 to 1.2 cun. The needles were then
connected to an electroacupuncture apparatus for 30 minutes at a
frequency of 100/min, once daily. The results from 30 days of
treatment indicated that electroacupuncture at Huatuojiaji points
is as effective for postapoplectic thalamic spontaneous pain as the
oral administration of carbamazepine (P >.05).

In another small preliminary study, conducted by Cho et al,*!!
patients were randomly injected with 0.05mL of diluted bee
venom or normal saline into acupoints (LI15, GB21, LI11, GB31,
ST36, and GB39) twice a week for 3 weeks. Acupoint injection
with bee venom (also known as apipuncture) significantly
improved CPSP (P=.009), although the underlying mechanisms
remain unclear.

[19]

3.4. Effects of nonpharmacological therapies on aspects
of mood disorders

Only 2 RCTs investigated the role of nonpharmacological
therapies on mood disorders in individuals with CPSP. In a 6-
month RCT published in 2017,!"* active VS/ALIC DBS produced
greater improvements in indices of depression (44% DBS ON vs
19% DBS OFF, odds ratio=0.30, 95% CI 0.11-0.83, P=.020)
and anxiety than sham stimulation, although the analgesic effects
were negative. In contrast, in a trial by de Oliveira et al,'*! 10 days
of rTMS in the left PMC/DLPFC area did not have a significant
effect on depression or anxiety in patients with CPSP.

3.5. Adverse effects

Eight of the 11 included trials reported information about side
effects. [+ 11:12:15718:201 Gerinus adverse events mainly occurred in
the invasive electrical brain stimulation studies. Serious events
included infection with epidural MCS therapy,?! cerebrospinal
leakage and hematoma with PVG stimulation therapy,™®! and
seizure, wound dehiscence around the burr hole, and infection
with DBS therapy.!"*! However, most patients recovered from the
adverse events following treatment. Mild adverse events were
also reported, including paresthesia and tissue reactions
(MCS),2% vertigo (CVS),""”! and mild headaches (rTMS).!*!

3.6. Discussion and conclusions

CPSP is proposed to be associated with fatigue, mood lability,
sleep disturbances, stress, lack of fitness,*°! and poor physical
function related to quality of life.”™ There is thus an urgent need
to identify effective treatments for CPSP patients. The recom-
mended pharmacological treatments for CPSP are tricyclic
antidepressants and anticonvulsants.*'3! However, a recent
systematic review found no evidence that anticonvulsants or
tricyclic antidepressants are effective for CPSP.!"*! In addition,
evidence-based studies have indicated that, for most CPSP
patients, pharmacological treatment is insufficient to relieve pain,
even with high doses of different drugs.”***>7! Thus, the aim of
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the present study was to assess all evidence-based nonpharma-
cological therapies, in the hope that an effective treatment option
for CPSP would be identified.

However, because of the heterogeneity and paucity of
identified studies, our review is not a comprehensive guide to
nonpharmacological methods of analgesia management in CPSP;
additional work is required. We identified 11 published trials
involving a total of 166 patients with CPSP. The trials compared
nonpharmacological therapies with placebo, other nonpharma-
cological therapies, or any other therapies. The effects of
nonpharmacological therapies on related mood disorders were
also discussed, because CPSP can cause depression and anxiety in
patients, thereby increasing the difficulty of pain analgesia.

Overall, there was low-certainty evidence in our systematic
review, providing minimal support for the benefits of any
nonpharmacological therapies for managing CPSP. Our results
revealed that CPSP-related pain was able to be ameliorated by
CVS, tDCS, and bee venom acupuncture point injection.
Furthermore, acupuncture therapy and electroacupuncture at
Huatuojiaji were as effective for thalamic pain as the oral
administration of carbamazepine. Because these therapies are
easy to operate and have no apparent side effects, they seem to be
promising complementary and alternative therapies in the
management of CPSP. Another widely used technique, rTMS,
was considered in the present review, but 2 placebo-controlled
trials included participants with neuropathic pain other than
CPSP, and were thus excluded because of the strict selection
criteria that we used. The results thus need be further confirmed
in a large sample of CPSP patients only.

Invasive electrical brain stimulation is currently the most
commonly investigated therapy for CPSP, and is almost always
applied in refractory CPSP. Based on the results of the current review,
MCS, but not VS/ALIC DBS, is effective for treating refractory CPSP.
Moreover, MCS was also proposed to be more effective than
thalamic stimulation for controlling bulbar pain. However, VS/ALIC
DBS unexpectedly produced improvements in depression and
anxiety in patients with refractory CPSP, even though the analgesic
effects were negative. This result suggests the relevance of fibers
projecting through the ALIC for the control of emotion.

Notably, some serious adverse events were reported in these
invasive electrical brain stimulation therapies, such as infection,
seizure, and cerebrospinal fluid leakage. However, considering
the low incidence of these serious complications, and because
most of these side effects recovered following treatment, invasive
electrical brain stimulation seems to be a relatively safe therapy.
Thus, for patients with refractory CPSP, invasive electrical brain
stimulation such as MCS may be a good choice.

Several limitations of our study should be noted. First, because
of the limited research available, very few trials were included,
and most of the included trials contained a relatively small
number of CPSP patients. This limited our ability to draw
conclusions about these nonpharmacological approaches for the
treatment of CPSP. Second, most of the included trials had
methodological and/or reporting deficiencies. Information about
randomization and allocation concealment was only described in
a few studies, and participant—observer blindness was imple-
mented in only a few articles. As a result, the reliability of the
outcomes may be compromised. Third, because of the heteroge-
neity of the included trials and the limited reporting of data, it was
not possible to pool data or make any further assessments. Our
ability to reach a comprehensive conclusion regarding treatment
options for CPSP was therefore very limited.

www.md-journal.com

In conclusion, although the preliminary data on nonpharma-
cological therapies are promising, larger, high-quality trials with
longer therapy times are needed before these approaches can be
routinely prescribed for CPSP. We hope that this study
encourages clinicians to pay more attention to nonpharmaco-
logical therapies for CPSP patients, especially those resistant to
various medicines.
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