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Abstract

Objective: To evaluate the efficacy and safety of noninvasive therapies in the treatment of central poststroke pain (CPSP) by network
meta-analysis and to provide an evidence-based basis for clinical practice. Methods: PubMed, Cochrane Library, EMBASE, CNKI,
Wanfang, and VIP were searched for clinical randomized controlled studies on noninvasive therapy for CPSP. The retrieval time limit
was from the establishment of each database to July 2022. The bias risk assessment tool recommended by Cochrane was used to evaluate
the quality of the included randomized controlled trials (RCTs). Stata 14.0 was used for network meta-analysis, and Review Manager
5.3 software was used for traditional meta-analysis. Results: Twelve RCTs involving 8 treatment schemes and 641 patients were finally
included. The results of the network meta-analysis showed the following rankings in visual analysis scale (VAS): super laser injury
on stellate ganglia (SLI) > transcranial direct current stimulation (tDCS) > music therapy (MT) > repetitive transcranial magnetic
stimulation (rTMS) > continuous theta burst stimulation (¢cTBS) > transcutaneous acupoint electrical stimulation (TAES) > common
therapy (CT). The total clinical efficiency ranked as follows: psychological training of mindfulness (PT) > rTMS > CT. Clinical adverse
reactions ranked as follows: rTMS > MT > CT > SLI. Conclusions: Noninvasive complementary therapy can effectively alleviate the
pain of CPSP patients, and the efficacy and safety of SLI are relatively significant. However, due to the limitations of this study, the
efficacy ranking cannot fully explain the advantages and disadvantages of clinical efficacy. In the future, more multicentre, large sample,
double-blind clinical randomized controlled trials are needed to supplement and demonstrate the results of this study.
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1. Introduction At present, the treatment goal of CPSP is mainly to
alleviate symptoms, which makes a complete cure diffi-
cult to achieve. Common therapies in the clinic include
drug therapy and neuromodulation therapy. Depression
drugs (amitriptyline and venlafaxine), anticonvulsant drugs
(gabapentin, pregabalin, and lamotrigine) and glutamater-
gic drugs (ketamine) are common in drug therapy. The
World Association for Neuroregulation defines “neuroreg-
ulation” as a biomedical engineering technology that uses
invasive or noninvasive technology to change the activity
of the central and peripheral nervous systems by means
of electrical stimulation or drugs, thus improving symp-
toms and the quality of life of patients. Neuroregulation is
an emerging discipline. Compared with the original dam-
age and removal, it focuses on regulation; that is, the pro-
cess is reversible, and the treatment parameters can be ad-
justed in vitro [4]. For some patients with strong drug re-
sistance, invasive neuromodulation therapy is often used for
treatment, such as invasive motor cortex (M1) stimulation

Stroke is a common cerebrovascular disease with a
high disability rate that mostly occurs in elderly individu-
als. Stroke is often accompanied by various sequelae, such
as motor, swallowing, language and cognitive dysfunction.
As one of the common sequelae of patients after stroke,
central poststroke pain (CPSP) can have a very significant
impact on the body, mind and daily life of patients. The
pathogenesis of CPSP is not clear. Previous studies have
suggested that CPSP is caused by thalamic damage, which
results in thalamic pain. However, subsequent studies have
shown that injuries in other parts outside the thalamus, such
as the posterior limb of the internal capsule, the parietal cor-
tex of the brain stem, the medulla oblongata, the insula, the
tectum and other parts, can cause pain, and CPSP has a va-
riety of clinical manifestations, including local, hemiplegia,
and crossed pain and sensory abnormalities. Many studies
have suggested that the pathogenesis of CPSP is complex
[1-3].
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(MCS) [5] and deep brain stimulation (DBS) [6]. However,
invasive neuromodulation therapy is more traumatic and
expensive, and it easily causes postoperative neurological
damage, making it difficult to apply in clinical practice. In
recent years, many noninvasive complementary therapies
have gradually appeared for the clinical treatment of CPSP,
such as repetitive transcranial magnetic stimulation (rTMS)
and transcranial direct current stimulation (tDCS). As the
most commonly used noninvasive nerve regulation technol-
ogy, rTMS and continuous theta burst stimulation (cTBS)
use a changing magnetic field to generate an induction elec-
tric field in the cerebral cortex, thus regulating a series of
physiological activities of neurons [7]. Unlike rTMS, tDCS
mainly increases or decreases the excitability of neurons by
inputting a weak constant direct current (DC) current into
the brain, thus causing changes in brain function [8]. In
addition, there are transcutaneous acupoint electrical stim-
ulation (TAES) based on traditional Chinese medicine, su-
per laser injury on stellate ganglia (SLI) based on laser
irradiation principle and psychological therapy (like psy-
chological training of mindfulness (PT) and music therapy
(MT)). Some clinical studies [9] have confirmed their ef-
fectiveness, but the advantages and disadvantages of differ-
ent noninvasive complementary therapies are rarely men-
tioned. Based on the frequency method of network meta-
analysis, this study evaluates the clinical efficacy and safety
of different noninvasive therapies in the treatment of CPSP
with the visual analysis scale (VAS), clinical adverse reac-
tion rate and total clinical effective rate as outcome indica-
tors and ranks the related efficacy based on surface under
the cumulative ranking (SUCRA).

2. Materials and Methods
2.1 Registration

This meta-analysis has been registered on PROS-
PERO, registration number CRD42022348055. PRISMA
checklist is shown in Supplementary Materials.

2.2 Literature Search

The retrieval strategy adopted a combination of sub-
ject words and free words and adjusted the search words
according to the search results. The retrieval time was from
the establishment of the database to July 2022. The search
databases were PubMed, Excellent Medica Database (EM-
BASE), Cochrane Library, CNKI, Wanfang, and VIP. The
search terms included central poststroke pain, CPSP, central
neurological pain after stroke, central neurological pain af-
ter cerebrovascular disease, central neurological pain after
cerebral information, central neurological pain after intrac-
erebral haemorrhage, and thalamic pain. See the appendix
for all search formulas.

2.3 Study Selection

(1) The study was a randomized controlled trial
(RCT). (2) The subjects were identified as stroke patients

by brain common therapy (CT), magnetic resonance tmag-
ing (MRI) and other imaging examinations and were di-
agnosed with CPSP with a pain score of 3 or more. (3)
Treatment plan: The control group was treated with routine
therapy (including routine rehabilitation training) combined
with routine painkillers (gabapentin, pregabalin, and lam-
otrigine), and the treatment group was treated with nonin-
vasive therapy based on routine rehabilitation training. (4)
Outcome indicators: the main indicator was VAS, and the
secondary indicators were clinical total effective rate and
clinical adverse reaction rate.

2.4 Study Exclusion

(1) Unrelated literature, review, case reports, meta-
analyses and other nonrandomized controlled trials; (2)
Documents with repeatedly published data, incomplete data
or unavailable data; (3) Repeatedly published literature in
Chinese and English.

2.5 Data Extraction

Two researchers independently conducted literature
screening and data extraction according to the inclusion and
exclusion criteria and cross-checked the results. In case of
disagreement, the third researcher participated in the dis-
cussion and decision. Endnote (Thomson ResearchSoft,
Stanford, CT, USA) and Excel software (Microsoft, Red-
mond, WA, USA) were used for literature management and
data extraction, mainly including the basic characteristics
of cases included in the literature, intervention measures,
course of treatment and outcome indicators. All continuous
data are included in the difference before and after treatment
(that is, the difference between indicators after treatment
and before treatment). If the original text is not calculated,
it will be calculated by itself. The formula is as follows:
corr is usually taken as 0.5.

SDE.change = \/SDE.baseline + SDQE.fmal — (2 X Corr X SDE paseline

MeanE.change = Meang final — Meang paseline

2.6 Methodologic Quality

The quality of the included literature was evaluated
according to the quality evaluation scale recommended in
the Cochrane Handbook, including 6 parts: reporting bias,
detection bias, performance bias, selection bias, loss of visit
bias and other bias. Each part of the evaluation content can
be judged as high, medium and low risk according to the
standard.

2.7 Statistical Analysis

This study was based on the framework of frequency.
For the continuity index, the mean difference (MD) was
used as the effect quantity. If it was a binary variable,
the odds ratio (OR) was used as the effect quantity, and
the corresponding 95% confidence interval (CI) was cal-
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Fig. 1. Flow chart of literature screening.
culated. Stata 14.0 software (Stata Corporation, Lakeway, 3. Results

TX, USA) was used to draw a network evidence relation-
ship diagram, forest diagram, grade probability diagram,
funnel diagram and corresponding statistics. When test-
ing the global consistency, if the difference was not statis-
tically significant, that is, p > 0.05, no overall inconsis-
tency existed [10]. If the study did not form a closed loop
and the consistency test could not be carried out, Review
Manager 5.3 software (the Cochrane Collaboration, Nordic
Cochrane Center, Copenhagen, Denmark) was used for tra-
ditional meta-analysis. The heterogeneity test was mainly
judged by I square (I?). If no heterogeneity existed between
the research results (I <50%), the fixed effect model was
used for meta-analysis; if heterogeneity existed among the
research results (12 >50%), the source of heterogeneity was
further analysed, and the random effect model was used for
meta-analysis. In this study, SUCRA was used to calcu-
late the cumulative ranking probability of each treatment
scheme. A larger SUCRA value, that is, a larger area under
the curve of the cumulative probability ranking diagram,
indicated a better effect of this intervention.
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A total of 2679 relevant studies were obtained in the
initial examination, including 329 from CNKI, 680 from
Wanfang, 178 from VIP, 597 from PubMed, 683 from EM-
BASE, and 212 from the Cochrane Library. They were
imported into the software Endnote. After eliminating du-
plicate studies and strictly complying with the nanodis-
charge standard, 12 RCTs [8—19] were finally included, all
of which were double-arm trials, with a total of 641 patients.
Eight treatment schemes were involved, including common
therapy (CT), SLI, MT, tDCS, TAES, rTMS, PT, and cTBS.
The document screening process and results are shown in
Fig. 1; the basic information of the included documents is
shown in Table 1 (Ref. [11-22]).

3.1 Risk of Bias

The included studies were evaluated using the
Cochrane manual 5.1.0 bias risk assessment tool. In terms
of the random allocation method, 9 studies were low risk,
and the random number table method [11,13—-17,20] was
used for random allocation. Two studies were high risk
[18,19] and did not mention randomization, and the remain-
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Table 1. Basic characteristics of the included trials.

Number of patients Age (year) Male/female Treatment Intervention oo

Author Year . Outcome indicator
I C 1 C I C period

Zhou N [I1] 2021 39 40 5426 +6.47 51.85+7.31 43/26 PT CT 4w VAS, total clinical effective rate
Chen JM [12] 2020 20 20 515417  55.1+18.8 25/15 rTMS CT 2W VAS, clinical adverse reaction rate
OuHN[13] 2015 29 30 59.78£7.64 58.27+5.03 33/26  TAES CT 2W VAS
GuoM [14] 2020 40 40 61.2+23 59+42 43/37 MT CT 4w clinical adverse reaction rate
He BJ[15] 2022 40 40 - - - SLI CT 2W VAS, clinical adverse reaction rate
Sun W [16] 2019 20 20 48.1+8.5 50.1+7.9 27/13 rTMS CT 4W VAS, clinical adverse reaction rate
Duan Q [17] 2021 9 9 51+7.8 49+ 8.4 - c¢TBS CT 2W VAS
Tan J [18] 2021 19 21 64.11+£7.52 66.24+8.76 20/20  tDCS CT 2W VAS
LiN[19] 2016 37 33 583+72 58.1+7.4 35/35 rTMS CT 4w VAS, total clinical effective rate
Zhao YY [20] 2021 41 42 52.03 +14.22 52.11 + 14.28  47/35 rTMS CT 2W VAS, total clinical effective rate
Bae SH [21] 2014 7 7 523+2.8 51.1+£3.1 77 tDCS CT 3W VAS
Zhao CQ [22] 2021 19 19 49.55+11.29 21/17  fTMS CT 3W clinical adverse reaction rate

I, intervention group; C, Control group; PT, psychological training; CT, common therapy; rTMS, repetitive transcranial magnetic stimulation;

TAES, transcutaneous acupoint electrical stimulation; MT, music therapy; SLI, super laser injury; cTBS, continuous theta burst stimulation;

tDCS, transcranial direct current stimulation; VAS, visual analysis scale.

ing studies only mentioned randomization without report-
ing specific random allocation methods. In terms of con-
cealment of the random allocation scheme, one study [22]
mentioned that allocation concealment was low risk, and
the remaining the studies did not mention it. In terms of the
blind method of the random allocation scheme, two studies
[11,22] mentioned the use of the blind method, one of which
was single-blinded [11] and the other double-blinded [12].
The measurement of outcome indicators was not mentioned
in the literature. In terms of data integrity, the data included
in the study were complete. In terms of selective reporting
of research results, the included studies were all low risk.
Other sources of bias were unclear. The risk assessment of
bias in the included studies is shown in Fig. 2.

3.2 Visual Analysis Scale
3.2.1 Evidence Network of Visual Analysis Scale

Visual Analysis Scale (VAS) was reported in 10 stud-
ies involving 7 noninvasive treatment regimens. In the fig-
ure, the dot size represents the sample size of the interven-
tion measure, and the line thickness represents the number
of RCTs using the two treatment schemes. The seven treat-
ments are all direct comparisons, and there is no closed-loop
formation. The number of studies comparing rTMS with
CT treatment was the largest (4 RCTs). The VAS evidence
network is shown in Fig. 3A.

3.2.2 Publication Bias of Visual Analysis Scale

In this study, seven different treatment schemes were
involved in the outcome indicators of VAS. Dots of different
colours in the funnel chart represent the direct comparison
between two different rehabilitation treatment schemes, and
the number of dots represents the number of studies. Most
of the dots in the funnel map of this study are symmetrically
distributed on the vertical line and its two sides. Both sides

are essentially symmetrical, but a certain degree of publica-
tion bias may persist. See Fig. 3B for the funnel map.

3.2.3 Traditional Meta-Analysis of Visual Analysis Scale

For the same intervention measures, no obvious
source of heterogeneity was found (tDCS vs. CT, I? =
67%), so the random effect model was used for meta-
analysis. The remaining studies were essentially homo-
geneous (I2 <50%), and fixed effect models were used.
Among the six noninvasive treatment schemes included,
only the VAS difference between cTBS and CT was not
statistically significant, and the decrease in the VAS of the
other five noninvasive therapies after CPSP was signifi-
cantly higher than that of CT (p < 0.05), as shown in Ta-
ble 2.

3.2.4 Network Meta-Analysis of Visual Analysis Scale

Seven treatment schemes were analysed by network
meta-analysis, and 10 comparisons showed significant dif-
ferences. The decreases in the VASs of continuous theta
burst stimulation (¢cTBS) (MD = -1.33, 95% CI [-1.67,
0.99]), SLI (MD = -2.12, 95% CI [-2.70, —1.54]), TAES
(MD =-0.89, 95% CI [-1.12, —-0.66]), tDCS (MD = —1.84,
95% CI [-2.39, —1.28]), PT (MD = -1.70, 95% CI [-2.01,
—1.39]) were significantly larger than that of CT; compared
with rTMS, the decrease in VAS for SLI (MD =-0.79, 95%
CI[-1.47,-0.12]) was larger than that for rTMS, and the de-
crease in VAS for TAES (MD = 0.44, 95% CI [0.03, 0.85])
was larger than that for rTMS. The decrease in VAS for
TAES (MD = 1.23, 95% CI [0.61, 1.85]) was larger than
that for SLI. Compared with TAES, tDCS (MD = -0.95,
95% CI [-1.55, =0.34]) and PT (MD = -0.81, 95% CI [
1.19,-0.43]) had larger VAS decreases. Other comparisons
did not show significant differences, as shown in Fig. 3C.
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Fig. 2. Risk of bias graph. (A) Risk of bias summary. (B) Risk of bias graph.
Table 2. Traditional meta-analysis of VAS.

Treatment Numbers of RCTs MD [95% CI] 12/% Z P Effect
rTMS vs. CT 4 -1.33[-1.67,-0.99] 0 7.61 <0.00001 Fixed
cTBS vs. CT 1 —1.00 [-2.58, 0.58] - 1.24 0.21 Fixed
SLIvs. CT 1 —2.12[-2.70,-1.54] - 7.16  <0.00001 Fixed
TAES vs. CT 1 -0.89 [-1.12, -0.66] - 7.64  <0.00001 Fixed
tDCS vs. CT 2 —-1.84 [-2.39,-1.28] 67 6.44  <0.00001 Random
PT vs. CT 1 -1.70 [-2.01, -1.39] - 10.82  <0.00001 Fixed

Numbers of RCTs, The number of studies involving comparison of such interventions included; RCTs, ran-

domized controlled trials; MD [95% CI], mean difference [95% confidence interval]; 12/%: heterogeneity;

12, 1 square; Z, z-value; p, p-value.

3.3 Total Clinical Effective Rate
3.3.1 Evidence Network of the Total Clinical Effective
Rate

Three studies reported the total clinical efficacy, in-
cluding three noninvasive treatment regimens. The three
treatments were all directly compared, and no closed loop
formed. The number of studies comparing rTMS with CT
treatment was the largest (2 RCTs). Few studies included
this research index, and a traditional meta-analysis and fun-
nel analysis consequently were not performed. The evi-
dence network is shown in Fig. 4A.
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3.3.2 Network Meta-Analysis of the Total Clinical
Effective Rate

Three treatment schemes were analysed by network
meta-analysis, and one comparison had a significant differ-
ence. Compared with CT, the total clinical effective rate of
rTMS (OR = 2.73, 95% CI [1.38, 5.38]) was significantly
higher than that of CT, and no significant difference was
detected in other comparisons, as shown in Fig. 4B.

3.4 Clinical Adverse Reaction Rate

Among all included studies, five studies [12,14—16,
22] reported adverse reactions, which were mainly mild ad-
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Fig. 3. Relevant processing diagram of VAS. (A) Network diagram of VAS scores. (B) Funnel diagram of FMA-UE scores. (C)

Network meta-analysis of VAS scores. PT, psychological training; CT, common therapy; rTMS, repetitive transcranial magnetic stimu-

lation; TAES, transcutaneous acupoint electrical stimulation; MT, music therapy; SLI, super laser injury; ¢TBS, continuous theta burst

stimulation; tDCS, transcranial direct current stimulation; 95% CI, 95% confidence interval; VAS, visual analysis scale.

Table 3. Adverse reactions/adverse events.

Author Treatment C

Chen JM 2020 [12]  rTMSvs. CT 3 cases of mild headache 1 case of mild headache

Guo M 2020 [14] MT vs. CT 2 cases of fatigue, 1 case of dizziness and 1 case of fatigue, 1 case of dizziness and
2 cases of lethargy 3 cases of lethargy

He BJ 2022 [15] SLIvs. CT 1 case of sleepiness, 1 case of dry mouth, 3 cases of sleepiness, 4 cases of dry
1 case of dizziness mouth, 3 cases of dizziness

Sun W 2019 [16] rTMS vs. CT 1 case of transient mild headache None

Zhao CQ 2021 [22] rTMSvs. CT 3 cases of short-term scalp numbness or None

facial muscle twitch

I, intervention group; C, Control group.
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Fig. 5. Relevant processing diagram of clinical adverse reaction rate. (A) Network diagram of the clinical adverse reaction rate. (B)

Network meta-analysis of clinical adverse reaction rate.

verse reactions, such as mild headache, fatigue, dizziness,
dizziness, drowsiness, dry mouth, temporary scalp numb-
ness or facial muscle twitching. See Table 3 (ref. [12,14—
16,22]) for the occurrence of adverse reactions/events.

3.4.1 Evidence Network of the Clinical Adverse Reaction
Rate

Five studies reported the clinical adverse reaction rate,
including four noninvasive treatment regimens. All four
treatments were directly compared, and no closed loop
formed. The number of studies comparing rTMS with CT
treatment was the largest (3 RCTs). Few studies included
this research index, and traditional meta-analysis and funnel
analysis were consequently not performed. The evidence
network is shown in Fig. 5A.

3.4.2 Network Meta-Analysis of Clinical Adverse
Reaction Rate

The three treatment schemes were analysed by net-
work meta-analysis, and the two comparisons had signif-
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icant differences. The clinical adverse reaction rate of SLI
(OR =0.24, 95% CI [0.06, 0.96]) was significantly lower
than that of CT. The clinical adverse reaction rate of SLI
(OR = 0.06, 95% CI [0.01, 0.48]) was significantly lower
than that of rTMS. No significant difference was detected
in other comparisons, as shown in Fig. 5B.

3.5 Surface under the Cumulative Ranking Score
3.5.1 Visual Analysis Scale

According to the results of SUCRA, SLI may be the
most effective intervention to reduce VAS. The SUCRA
probability ranking results were as follows: SLI (92.4%) >
tDCS (77.7%) > MT (70.1%) > rTMS (46.3%) > cTBS
(37%) > TAES (24.6%) > CT (1.8%). The cumulative
probability ranking diagram is shown in Fig. 6A. The area
under the curve directly correlates with the effectiveness.

3.5.2 Total Clinical Effective Rate

The results of SUCRA suggest that PT may be the
most effective intervention to increase the total clinical ef-
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Fig. 6. Cumulative probability ranking plot. (A) VAS. (B) Total clinical effective rate. (C) Clinical adverse reaction rate.

fective rate. The SUCRA probability ranking results were
as follows: PT (89.9%) > rTMS (58.6%) > CT (1.5%)
(Fig. 6B).

3.5.3 Clinical Adverse Reaction Rate

According to the results of SUCRA, SLI may be the
safest intervention. The SUCRA probability ranking re-
sults were as follows: rTMS (95.9%) > MT (49.6%) > CT
(50.9%) > SLI (3.6%) (Fig. 6C).

4. Discussion

Central Poststroke Pain (CPSP) is one of the most
common complications after stroke, and clinical first-line
central analgesics often have poor curative effects for pa-
tients with strong drug resistance. Invasive neuromodula-
tion therapy is not only expensive but may also be accompa-
nied by serious irreversible sequelae. Therefore, noninva-
sive complementary therapy has become a research hotspot
in the clinical treatment of CPSP. In addition to conven-
tional therapy, this study involved seven noninvasive ther-
apies, which can be roughly divided into (I) electric stim-
ulation therapy: rTMS, ¢TBS, tDCS, and TAES. rTMS
and cTBS are two modes of TMS that have a good anal-

gesic effect on neuropathic pain [22]. tDCS is a nonin-
vasive technology that uses a constant, low-intensity di-
rect current (1~2 mA) to regulate the activity of neurons
in the cerebral cortex. Studies have also confirmed its ef-
fectiveness in the treatment of CPSP [23]. TAES, a new
acupuncture treatment method combining transcutaneous
electrical nerve stimulation (TENS) with acupuncture and
acupoint therapy, has been proven to have analgesic effects
and peripheral and central mechanisms similar to acupunc-
ture [24]; @) laser therapy: SLI. As a new technology, SLI
is used to alleviate neuropathic pain based on the principle
of affecting the stellate ganglion [25]. 3) Psychology ther-
apy: MT and PT. As two branches of psychotherapy, music
therapy and mindfulness psychotherapy have gradually be-
gun to receive attention in the clinical treatment of CPSP.
The results of this study show ranked the VAS as follows:
SLI > tDCS > MT > rTMS > ¢TBS > TAES > CT; the
ranking of total clinical efficacy was PT > rTMS > CT;
and clinical adverse reactions ranked as follows: rTMS >
MT > CT > SLL
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4.1 Clinical Efficacy

The VAS has obvious advantages in evaluating subjec-
tive factors. This method was first used in psychological re-
search [26,27]. Later, VAS scores ranging from 0 to 10 were
used to judge the degree of pain [28]. During the evaluation,
patients are asked to select the score according to their own
feelings. A higher score indicates a more severe degree of
subjective pain, and the score value can be accurate. The
clinical manifestations of CPSP are diverse, but the main
characteristics are pain and sensory disorders. At present,
the diagnosis of the disease lacks specificity, and the diag-
nosis largely depends on the subjective feelings of patients.
Therefore, VAS is widely used in the pain assessment of
CPSP. The results of this study show that among all non-
invasive interventions, SLI is most effective in improving
the VAS indicators of patients. The stellate ganglion is the
main pathway of the sympathetic nerve. Blocking the stel-
late ganglion is generally believed to be able to expand the
blood vessels in the area dominated by the stellate ganglion.
More studies have shown that [29] stellate ganglion block
(SGB) therapy can alleviate many drug-resistant headaches
and reduce the original dosage of drugs. Invasive stellate
ganglion block has achieved a good curative effect, while
noninvasive stellate ganglion irradiation, as an alternative
therapy for stellate nerve block, is safe and practical [25],
but relevant studies on the clinical effect of treating CPSP
are scarce. The VAS results of the main indicators in this
study suggest that the pain relief effect of SLI is the best,
but only one study was included. Therefore, this result is
limited to the data analysis of the included literature and
cannot completely explain the advantages and disadvan-
tages of each clinical efficacy. Nevertheless, the results
rain significance for clinical guidance. The secondary in-
dicator of this study is the total clinical effective rate. The
results suggest that PT has the best curative effect. Many
CPSP patients often have a certain degree of anxiety and
depression when drug efficacy is poor, and anxiety is often
accompanied by prostaglandins, bradykinins and other se-
cretions that exacerbate pain, leading to a decrease in the
pain threshold. This effect results in emotional fluctuations
and a loss of confidence in treatment and prognosis. There-
fore, mindfulness psychotherapy, a type of systematic psy-
chotherapy, can have a positive effect on the treatment of
central neuralgia and limb rehabilitation of stroke patients
by mobilizing the enthusiasm of patients and relieving ten-
sion and negative emotions, but sufficient clinical research
to further confirm this hypothesis is lacking [30]. However,
clinicians often note unexpected effects on CPSP patients
with routine drug treatment and psychological treatment in
clinical practice.

4.2 Adverse Reactions

Five studies included in this meta-analysis mentioned
adverse reactions after the intervention. The intervention
measure with the highest adverse reaction rate was rTMS,
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which manifested as mild headache, facial twitching or
numbness. The adverse reaction rate of SLI was the lowest
and mainly manifested as lethargy, dry mouth, and dizzi-
ness. All adverse reactions reported in RCTs were mild or
transient, and no serious adverse reactions were reported.
Therefore, the psychological tension of patients is not ex-
cluded. rTMS is a noninvasive neuromodulation therapy
based on achieving an analgesic effect with the application
of a high-intensity pulsed magnetic field to brain tissue. Ac-
cording to current research, rTMS is effective in the short
term and has a limited effect on poststroke central neuralgia.
Thus, rTMS is generally considered to not be suitable to be
used alone, and other treatment measures, such as combined
drug treatment, can improve therapeutic effects [31]. How-
ever, attention should be given to evaluation before rTMS
treatment in clinical practice to identify patients with in-
tracranial metal implants, cochlear implants, and built-in
pulse generators (brain pacemakers, cardiac pacemakers).
In this case, rTMS easily causes the built-in pulse gener-
ator to fail. Patients with serious physical diseases, those
who are using drugs that significantly reduce the threshold
of seizures or those who abuse alcohol need to consider the
risk-benefit ratio after receiving stimulation treatment, and
the use of rTMS is recommended with caution.

4.3 Limitations

In this study, the network meta-analysis method was
used for the first time, which can not only compare the indi-
rect and mixed effects between different noninvasive thera-
pies but also compare different treatment schemes for CPSP
in the absence of direct comparisons between therapies and
identify the best scheme with the greatest probability. This
study has the following limitations: (1) Most of the included
studies were Chinese studies, and the number of studies was
small. Because noninvasive therapy intervention CPSP is
a relatively new clinical field, most included studies were
drug trials or tested invasive therapies. When studies pub-
lished in English were included, most of the clinical tri-
als involving noninvasive therapy intervention CPSP were
non-RCTs. Except for studies of rTMS, studies on nonin-
vasive therapies are scarce, which may be because rTMS,
an alternative therapy of neuromodulation, has long been
studied. Consequently, it is more prevalent in the litera-
ture. Conversely, other noninvasive therapies are relatively
new, and they are not well represented in the literature; (2)
The overall quality of the studies was not very high. Al-
though most studies mention random methods, others, such
as allocation concealment, blinding methods and potential
bias, are not mentioned. (3) The number of RCTs included
in the study is insufficient, the sample size is small, with
some studies reporting sample sizes of less than 10. Thus,
negative results may have not been published. (4) Among
the included studies, the length of intervention is somewhat
inconsistent, which precludes comparisons between stud-
ies and increases clinical heterogeneity; (5) Few outcome
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indicators are included in this paper. Others, such as the
numerical rating scale (NRS), Hamilton Depression Scale
(HAMD), and Hamilton Anxiety Scale (HAMA), are also
common outcome indicators of CPSP, but they were not
included mainly because too few other outcome indicators
were involved in the RCTs included, and this number was
insufficient for meta-analysis; (6) Because few studies were
included in this work and their quality was poor, most of
the studies did not take the patient’s family genetic history
as the basic research index. However, familial genetic fac-
tors play a very important role in the onset and prognosis
of stroke. I hope that more studies will include the genetic
history as a basic index in the future.

5. Conclusions

In summary, noninvasive complementary therapy can
effectively alleviate the pain of CPSP patients, and the ef-
ficacy and safety of SLI are relatively significant. How-
ever, due to the limitations of this study, the efficacy rank-
ing cannot fully explain the advantages and disadvantages
of clinical efficacy but only serves as a clinical reference.
In the future, we need to continue clinical trials on non-
invasive therapy intervention for CPSP and carry out more
multicentre, large sample, double-blind clinical randomized
controlled trials to supplement and demonstrate the results
of this study.
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