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Background: DL -3-n-butylphthalide (NBP) is widely used as a neuroprotective

drug in stroke patients in China. A systematic review in 2010 suggested NBP to

be safe and effective at promoting neurological recovery, but could not

conclude whether it decreased risk of long-term death or disability. Since

numerous randomized controlled trials (RCTs) have been conducted on NBP

since 2010, we performed an updated systematic review and meta-analysis of

safety and efficacy data.

Method:We searched electronic databases and reference lists to identify RCTs that

compared patients who received NBP or not (including placebo). Methodological

quality of RCTs was assessed using the Revised Cochrane Risk of Bias Tool 2.0, and

data were meta-analyzed using Review Manager 5.4 software.

Results: Fifty-seven RCTs involving 8,747 participants were included. Twenty

trials examined NBP as a capsule, 29 as an injection, and 8 as sequential

injection-capsule therapy. Meta-analyses showed that NBP treatment was

associated with a reduction in composite outcome of death and

dependency (risk ratio 0.59, 95% CI 0.42 to 0.83; 260 participants;

2 studies), death (risk ratio 0.32, 95% CI 0.13 to 0.75; 2,287 participants;

10 studies), modified Rankin Scale score (mean difference -0.80, 95% CI

-0.88 to -0.72; 568 participants; 4 studies), and an increase in Barthel Index,

which assesses the ability to engage in basic activities of daily living (mean

difference 11.08, 95% CI 9.10 to 13.05; 2,968 participants; 22 studies). Meta-

analyses found that NBP significantly reduced neurological deficit based on

National Institute of Health Stroke Scale (mean difference -3.39, 95%CI -3.76 to

-3.03; 7.283 participants; 46 studies) and Chinese Stroke Scale (mean difference

-4.16, 95% CI -7.60 to -0.73; 543 participants; 4 studies). Of the adverse events

reported in 31 trials, elevated transaminase (incidence, 1.39-17.53%), rash (0-

1.96%) and gastrointestinal discomfort (1.09-6.15%) were most frequent and no

serious adverse events were reported.

Conclusion: This update review confirms that NBP can help acute ischemic

stroke patients regain the ability to perform activities of daily living, reduce their
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neurological deficit and short-term death rates. However, the available

evidence on whether NBP reduces risk of long-term death or dependence

after ischemic stroke remains insufficient.
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Introduction

While the incidence of stroke and its associated mortality has

declined in more developed countries, it remains high in China.

Each year in that country, approximately 2.5 million individuals

suffer a stroke, and 7.5 million live with some form of post-stroke

neurological impairment or disability (Wu et al., 2019). The

burden of stroke is expected to grow as the population ages

(Wang et al., 2017). The only medications using within first few

hours recommended by current evidence-based guidelines are

recombinant tissue plasminogen activator and antiplatelet

therapy (Powers et al., 2019; Kleindorfer et al., 2021). Several

neuroprotective drugs may also mitigate stroke-induced injury in

experimental studies, yet fail to show robust efficacy in trials

(Zhao et al., 2020; Lyden, 2021).

An exception appears to be DL-3-n-butylphthalide (NBP), a

drug developed in China that can increase regional cerebral

blood flow, reconstruct microcirculation at the ischemic area,

inhibit neuronal apoptosis and autophagy, regulate brain energy

metabolism, and enhance post-ischemic neuronal recovery

(Wang et al., 2013). NBP has also shown anti-inflammatory

and anti-oxidant properties (Wang et al., 2013). In 2010, a meta-

analysis of 21 randomized controlled trials (RCTs) showed that

NBP soft capsules were safe and could improve neurological

function recovery after acute ischemic stroke (Wang et al., 2010).

However, that meta-analysis was unable to determine whether

NBP lowered rates of long-term death or disability after stroke.

Since that meta-analysis, numerous RCTs have examined the

safety and efficacy of NBP against acute ischemic stroke, whether as

oral, intravenous or sequential intravenous-oral therapy. We

therefore performed a systematic review and meta-analysis of the

entire evidence base in order to update our understanding of NBP.

Methods

This systematic review and meta-analysis were performed in

accordancewith the PreferredReporting Items for Systematic reviews

and Meta-Analyses (PRISMA) statement (Moher et al., 2009).

Types of studies

We planned to include RCTs in which patients, in addition to

conventional treatments, receivedNBP or not (including placebo) for

acute ischemic stroke within 14 days of stroke onset. Only trials

involvingmore than 100 patients that reported the specificmethod of

patient allocationwere included. Trials had to bewritten in English or

Chinese. We excluded trials that used quasi-randomization or no

randomization, including trials that allocated participants based on

alternation, case record number, date of birth, or day of the week.

Types of participants

Study participants of any age or sex who were diagnosed with

acute ischemic stroke according to accepted criteria and were

enrolled within 14 days of stroke onset were eligible for inclusion.

Accepted diagnostic criteria were those of the fourth or sixth

Congress of Chinese Cerebrovascular Diseases (Author

Anonymous, 1996; Wang and Wang, 2004), the Chinese

Guidelines for Diagnosis and Treatment of Acute Ischemic

Stroke from 2010 (Acute Ischemic Stroke Diagnosis and

Treatment Guidelines Writing Group Cerebrovascular Diseases

Group Neurology Branch of Chinese Medical Association, 2010)

, 2014 (Chinese Medical Association Cerebrovascular Diseases

Group Neurology Branch of Chinese Medical Association, 2015)

or 2018 (Chinese Society of Neurology, 2018), or the World Health

Organization (WHO) criteria (Hatano, 1976). Hemorrhagic stroke

had to be excluded based on computerized tomography and/or

magnetic resonance imaging.

Types of interventions

Trials could examine NBP of any dosage, treatment duration,

or route of administration. The control interventions were placebo

or nothing. We included trials involving other drug treatments or

other interventions provided they were given to both arms of the

trial. Our aim was to investigate two comparisons: (1) NBP vs.

placebo, with both arms receiving the same conventional

treatment, and (2) NBP vs. no additional treatment or placebo,

with both arms receiving the same conventional treatment.

Types of outcome measures

Primary outcome
The primary outcome was the composite outcome of

death and dependency after at least 3 months of follow-up.

Frontiers in Pharmacology frontiersin.org02

Wang et al. 10.3389/fphar.2022.963118

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.963118


Dependency was defined as dependency on others to perform

activities of daily living, which was quantified as a Barthel

Index (BI) of 60 or less, or a modified Rankin Scale (mRS)

score of 3-5 (Sulter et al., 1999).

Secondary outcomes
Secondary outcomes included death from any cause

during the scheduled treatment period or follow-up,

dependency on others after NBP treatment or at the end of

follow-up, and global neurological impairment improvement

after NBP treatment or at the end of follow-up, as measured

using internationally validated instruments such as the

National Institutes of Health Stroke Scale (NIHSS),

Canadian Neurological Scale, European Stroke Scale or

Scandinavian Stroke Scale. Data were also collected on the

following adverse events: nausea, vomiting, allergic reaction,

intracranial hemorrhage (symptomatic or asymptomatic),

major extracranial hemorrhage, and certain unexplained

abnormalities in hepatic, renal, hematological, cardiac or

respiratory function.

Literature search

Through 3 April 2022, we searched the following

databases for eligible RCTs: MEDLINE (OVID, 1946 to

April 2022), EMBASE (1974 to April 2022), the Cochrane

Central Register of Controlled Trials (CENTRAL) (1898 to

April 2022), the Chinese National Knowledge Infrastructure

(CNKI) (1980 to April 2022), the China Biological Medicine

Database (CBM) (1978–2022), the Chinese Science and

Technique Journals Database (VIP) (1989–2022), the

Chinese Doctoral Dissertations Full-text Database (CDFD),

and the Chinese Master’s Theses Full-text Database (CMFD)

in CNKI (1999–2022). An example of the search process is

shown in Supplementary Table S1.

We also manually searched reference lists of relevant

publications and contacted the manufacturer of NBP (CSPC-

NBP Pharmaceutical Co., Ltd.) in order to identify additional

potential eligible studies.

Study selection and data extraction

Two reviewers (HW and KY) checked studies for

eligibility based initially on the titles and abstracts, and

then on the full text. Disagreements were resolved by

discussion and, if necessary, the intervention of the senior

author (DW).

Data were extracted independently by two reviewers (HW

and KY) using a data extraction form. Disagreements were

resolved by discussion. Missing data were obtained from the

corresponding authors whenever possible.

Assessment of risk of bias in included
studies

Two authors (HW and YL) independently assessed the risk of

bias in the included studies, using the revised Cochrane Risk of

Bias Tool for Randomized Trials (RoB 2) with the Microsoft

Excel template (version of August 2019) (Higgins et al., 2016).

We assessed risk of the following types of bias: bias in the

randomization process, bias due to deviations from intended

interventions, bias due to missing outcome data, bias in the

measurement of the outcome, and bias in the selection of the

reported result. Risk was categorized as “low”, “some concern”,

or “high”. We judged a study to be at high overall risk of bias

when risk of bias was high for at least one domain; a study was

judged to be at low overall risk of bias when the risk was low for

all domains. Discrepant assessments by the two authors were

resolved through discussions involving the senior author (DW).

Meta-analysis

We performedmeta-analyses using RevMan 5.4 (The Cochrane

Collaboration, 2020). We presented pooled results as risk ratios

(RRs) with 95% confidence intervals (CIs) for dichotomous

outcomes, and mean differences (MDs) or standardized mean

differences (SMDs) and 95% CIs for continuous outcomes. We

meta-analyzed data using a fixed-effect model if no substantial

statistical heterogeneity was present; otherwise, we used a

random-effects statistical model. We assessed heterogeneity using

the I2 statistic, with a value greater than 50% indicating substantial

heterogeneity. We planned to perform subgroup analyses of

different forms of NBP (soft capsules, injections, or sequential

therapy), if sufficient trials had been available (at least 10 trials

per outcome). We planned to perform sensitivity analyses by

excluding trials whose overall risk of bias was “high” or “some

concern”. Publication bias was assessed by generating a funnel plot

for the outcome for which the largest number of trials could be

meta-analyzed.

Results

Description of studies

A total of 7,431 relevant publications were identified, of which

3,491 were excluded as duplicates (Figure 1). Another 2,531 were

excluded on the basis of their titles and abstracts, leaving 1,409 whose

full text was reviewed. After excluding 1,352 studies because they did

not fulfill the inclusion criteria or because they failed to report the

necessary outcome data, we were left with 57 studies involving

8,747 participants (Cui et al., 2005a; Cui et al., 2005b; Wang and

Li, 2016; Fu, 2015; Yu, 2018; Liu et al., 2018a; Lv et al., 2018; Lv, 2015;

Wu, 2019; Zhou et al., 2015; Chang and Ma, 2018; Chang, 2018;
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Zhang, 2018; Zhang et al., 2018a; Zhang and Li, 2018; Zhang et al.,

2018b; Xu et al., 2006; Li, 2017a; Li et al., 2017; Li, 2017b; Li, 2018; Lin

et al., 2018; Xiong andHong, 2018; Bai, 2019; Qin andHan, 2019; Fu

et al., 2017; Dong et al., 2016; Xu et al., 2016; Xu, 2018; Zheng et al.,

2016; Chen et al., 2019; Wei et al., 2012; Yan and Ma, 2015; Ma and

Xiao, 2018; Gao et al., 2017; Jin, 2019; Pan et al., 2019; Jiang, 2019; Li

et al., 2020a;Wang et al., 2020a;Wang, 2020; Zhang et al., 2020; Zhou

et al., 2020). All studies were conducted in Chinese hospitals

(Supplementary Table S2).

The control arm in three trials received conventional treatment

as well as placebo instead of NBP (Cui et al., 2005a; Cui et al., 2005b;

Wang and Li, 2016), while the control arm in 54 trials received

conventional treatment without placebo or NBP (Fu, 2015; Yu, 2018;

Liu et al., 2018a; Lv et al., 2018; Lv, 2015;Wu, 2019; Zhou et al., 2015;

Chang andMa, 2018; Chang, 2018; Zhang, 2018; Zhang et al., 2018a;

Zhang and Li, 2018; Zhang et al., 2018b; Xu et al., 2006; Li, 2017a; Li

et al., 2017; Li, 2017b; Li, 2018; Lin et al., 2018; Xiong andHong, 2018;

Bai, 2019; Qin and Han, 2019; Fu et al., 2017; Dong et al., 2016; Xu

et al., 2016; Xu, 2018; Zheng et al., 2016; Chen et al., 2019; Wei et al.,

2012; Yan and Ma, 2015; Ma and Xiao, 2018; Gao et al., 2017; Jin,

2019; Pan et al., 2019; Jiang, 2019; Li et al., 2020a; Wang et al., 2020a;

Wang, 2020; Zhang et al., 2020; Zhou et al., 2020; Chen and Qian,

2021; Li, 2021; Liu et al., 2021a). The intervention arm in all trials

received NBP and conventional treatment, which included

recombinant tissue plasminogen activator, urinary kallidinogenase,

anticoagulants, antiplatelets, statins, traditional Chinese medicine,

neuroprotective drugs, or early rehabilitation. The NBP formulation

was a soft capsule in 20 trials (Cui et al., 2005a; Cui et al., 2005b; Xu

et al., 2006; Wei et al., 2012; Lv, 2015; Wang and Li, 2016; Li, 2017b;

Fu et al., 2017; Li, 2018; Lin et al., 2018; Xiong and Hong, 2018; Xu,

2018; Jiang, 2019; Li et al., 2020a; Zhang et al., 2020; Zhu et al., 2021a;

Zhu et al., 2021b; Chen et al., 2021; Chen and Qian, 2021; Si et al.,

2022), an injection in 29 trials (Fu, 2015; Zhou et al., 2015; Dong et al.,

2016; Xu et al., 2016; Li, 2017a; Gao et al., 2017; Li et al., 2017; Zhang

et al., 2018b; Chang, 2018; Chang and Ma, 2018; Lv et al., 2018; Ma

andXiao, 2018; Yu, 2018; Zhang, 2018; Zhang and Li, 2018; Bai, 2019;

Chen et al., 2019; Jin, 2019; Wu, 2019; Wang et al., 2020a; Wang,

2020; Liu et al., 2021a; Li, 2021; Pang et al., 2021; Yang et al., 2021; Ye

et al., 2021; Zhang et al., 2021; Wu, 2022; Zhu, 2022), or sequential

intravenous-capsule treatment in the remaining eight trials (Yan and

Ma, 2015; Zheng et al., 2016; Liu et al., 2018a; Zhang et al., 2018a; Pan

et al., 2019; Qin andHan, 2019;Wang et al., 2020b; Zhou et al., 2020).

Twenty trials used NBP soft capsules at a dose of 200 mg tid (Wei

et al., 2012; Lv, 2015; Li, 2017b; Fu et al., 2017; Li, 2018; Lin et al.,

2018; Xiong and Hong, 2018; Xu, 2018; Jiang, 2019; Li et al., 2020a;

Zhu et al., 2021a; Zhu et al., 2021b; Chen et al., 2021; Chen and Qian,

2021; Si et al., 2022) or 200mg qid (Cui et al., 2005a; Cui et al., 2005b;

Xu et al., 2006;Wang and Li, 2016; Zhang et al., 2020), and treatment

lasted 2 weeks (Lv, 2015;Wang and Li, 2016; Fu et al., 2017; Li, 2018;

Lin et al., 2018; Xiong and Hong, 2018; Jiang, 2019; Li et al., 2020a;

Zhu et al., 2021b; Chen and Qian, 2021; Si et al., 2022), 3 weeks (20-

21 days) (Cui et al., 2005a; Cui et al., 2005b; Xu et al., 2006;Wei et al.,

2012; Li, 2017b; Zhang et al., 2020), 1 month (Zhu et al., 2021a) or

3 months (Xu, 2018; Chen et al., 2021). Twenty-nine trials used NBP

injections of 100ml bid (Fu, 2015; Zhou et al., 2015; Dong et al., 2016;

Xu et al., 2016; Li, 2017a; Gao et al., 2017; Li et al., 2017; Zhang et al.,

2018b; Chang, 2018; Chang and Ma, 2018; Lv et al., 2018; Ma and

Xiao, 2018; Yu, 2018; Zhang, 2018; Zhang and Li, 2018; Bai, 2019;

Chen et al., 2019; Jin, 2019; Wu, 2019; Wang et al., 2020a; Wang,

2020; Liu et al., 2021a; Pang et al., 2021; Yang et al., 2021; Ye et al.,

2021; Zhang et al., 2021; Wu, 2022; Zhu, 2022) or 100ml qd (Li,

2021), with each 100-ml injection containing 25mg ofNBP and 0.9 g

of sodium chloride; such treatment lasted 2 weeks (Fu, 2015; Dong

et al., 2016; Xu et al., 2016; Li, 2017a; Gao et al., 2017; Li et al., 2017;

Zhang et al., 2018b; Chang, 2018; Chang and Ma, 2018; Lv et al.,

2018;Ma andXiao, 2018; Yu, 2018; Zhang, 2018; Zhang and Li, 2018;

Bai, 2019; Chen et al., 2019; Wu, 2019; Wang et al., 2020a; Wang,

2020; Liu et al., 2021a; Li, 2021; Pang et al., 2021; Yang et al., 2021; Ye

et al., 2021; Zhang et al., 2021; Zhu, 2022), 3 weeks (Zhou et al., 2015)

or 1 month (Jin, 2019; Wu, 2022). In the eight trials using sequential

NBP therapy (Yan andMa, 2015; Zheng et al., 2016; Liu et al., 2018a;

Zhang et al., 2018a; Pan et al., 2019; Qin and Han, 2019; Wang et al.,

2020b; Zhou et al., 2020), an injection of 100ml bid was given for the

first seven (Yan and Ma, 2015), 10 (Pan et al., 2019; Wang et al.,

2020b) or 14 days (Zheng et al., 2016; Liu et al., 2018a; Zhang et al.,

2018a; Qin and Han, 2019; Zhou et al., 2020), followed by soft

capsules at 100mg tid (Qin and Han, 2019; Wang et al., 2020b) or

200mg tid (Yan and Ma, 2015; Zheng et al., 2016; Liu et al., 2018a;

Zhang et al., 2018a; Pan et al., 2019; Zhou et al., 2020) for the next

7 days (Yan and Ma, 2015), 2 weeks (Zhou et al., 2020), 1 month

FIGURE 1
Flow diagram of study inclusion.
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(Zhang et al., 2018a; Pan et al., 2019; Wang et al., 2020b) or

3 months (Zheng et al., 2016; Liu et al., 2018a; Qin and Han, 2019).

Two trials reported the composite outcome of death and

dependency at 3 months of follow-up (Pan et al., 2019; Zhou

et al., 2020). Ten trials reported the number of deaths after

treatment for 14 days (Dong et al., 2016; Wang and Li, 2016; Gao

et al., 2017; Zhang et al., 2018b; Chang and Ma, 2018; Pang et al.,

2021) or 21 days (Wei et al., 2012; Zhou et al., 2015), or at the end of

follow-up lasting 3 months (Wang et al., 2020b) or 5 months (Yang

et al., 2021). Thirty-two trials assessed dependency, among which six

trials usedmRS score after NBP treatment (Wang, 2020; Zhang et al.,

2020; Yang et al., 2021; Wu, 2022), or at 3 months of follow-up

(Wang et al., 2020b; Ye et al., 2021). Twenty-three trials used the BI

(Fu, 2015; Zhou et al., 2015; Zheng et al., 2016; Li, 2017a; Fu et al.,

2017; Gao et al., 2017; Li et al., 2017; Liu et al., 2018a; Zhang et al.,

2018a; Lin et al., 2018; Lv et al., 2018; Ma and Xiao, 2018; Xu, 2018;

Zhang and Li, 2018; Qin and Han, 2019; Chen et al., 2021; Chen and

Qian, 2021; Yang et al., 2021; Ye et al., 2021; Zhang et al., 2021; Si

et al., 2022; Wu, 2022; Zhu, 2022) after NBP treatment (Zhou et al.,

2015; Zheng et al., 2016; Fu et al., 2017; Gao et al., 2017; Liu et al.,

2018a; Zhang et al., 2018a; Lin et al., 2018; Xu, 2018; Zhang and Li,

2018; Qin andHan, 2019; Chen et al., 2021; Chen andQian, 2021; Ye

et al., 2021; Zhang et al., 2021; Si et al., 2022;Wu, 2022; Zhu, 2022) at

follow-up of either 1 month (Fu, 2015) or 3 months (Li, 2017a; Li

et al., 2017; Lv et al., 2018; Ma and Xiao, 2018; Yang et al., 2021). Six

trials did not clearly describe the numerical scoring system that they

used (Lv, 2015; Zhang et al., 2018b; Chang, 2018; Xiong and Hong,

2018; Chen et al., 2019; Li, 2021). Three of 32 trials used both mRS

and the BI (Yang et al., 2021; Ye et al., 2021;Wu, 2022). Only one trial

reported dependency rate (Ye et al., 2021), and the remaining trials

reported scores as means and standard deviations (SDs).

All but two trials (Jiang, 2019; Yang et al., 2021) reported global

neurological impairment improvement after treatment or at the end

of follow-up; 48 trials reported changes in NIHSS score (Wang and

Li, 2016; Fu, 2015; Yu, 2018; Liu et al., 2018a; Lv et al., 2018; Lv, 2015;

Wu, 2019; Zhou et al., 2015; Chang and Ma, 2018; Chang, 2018;

Zhang, 2018; Zhang et al., 2018a; Zhang and Li, 2018; Zhang et al.,

2018b; Li, 2017a; Li et al., 2017; Li, 2017b; Lin et al., 2018; Xiong and

Hong, 2018; Bai, 2019; Qin and Han, 2019; Dong et al., 2016; Xu

et al., 2016; Xu, 2018; Zheng et al., 2016; Chen et al., 2019; Yan and

Ma, 2015; Ma and Xiao, 2018; Gao et al., 2017; Jin, 2019; Pan et al.,

2019; Li et al., 2020a; Wang et al., 2020a; Wang, 2020; Zhang et al.,

2020; Zhou et al., 2020; Chen and Qian, 2021; Li, 2021; Liu et al.,

2021a; Pang et al., 2021; Ye et al., 2021; Zhu et al., 2021a; Zhu et al.,

2021b) after treatment (Lv, 2015; Yan and Ma, 2015; Zhou et al.,

2015; Dong et al., 2016; Wang and Li, 2016; Xu et al., 2016; Zheng

et al., 2016; Li, 2017a; Li, 2017b; Gao et al., 2017; Li et al., 2017; Liu

et al., 2018a; Zhang et al., 2018a; Zhang et al., 2018b; Chang andMa,

2018; Lin et al., 2018; Lv et al., 2018; Xiong and Hong, 2018; Xu,

2018; Yu, 2018; Zhang, 2018; Zhang and Li, 2018; Chen et al., 2019;

Jin, 2019; Qin andHan, 2019;Wu, 2019; Li et al., 2020a;Wang et al.,

2020a; Wang, 2020; Zhang et al., 2020; Liu et al., 2021a; Zhu et al.,

2021a; Zhu et al., 2021b; Chen et al., 2021; Chen and Qian, 2021; Li,

2021; Pang et al., 2021; Ye et al., 2021; Si et al., 2022; Wu, 2022; Zhu,

2022) or during follow-up of up to 1 month (Fu, 2015; Chang, 2018;

Bai, 2019) or 3 months (Ma and Xiao, 2018; Pan et al., 2019; Wang

et al., 2020b; Zhou et al., 2020). Another four trials reported changes

in Chinese Stroke Scale (CSS) score (Cui et al., 2005a; Cui et al.,

2005b; Wei et al., 2012; Li, 2018) at the end of treatment lasting

14 days (Li, 2018) or 21 days (Cui et al., 2005a; Cui et al., 2005b;Wei

et al., 2012), while two trials reported changes in the modified

Edinburgh-Scandinavia Stroke Scale (MESSS) (Zhang et al., 2021) or

Cerebrovascular Disease Rehabilitation Medical Program and

Assessment Criteria Scale score (Xu et al., 2006). One trial

reported changes in an unidentified scoring system at the end of

14-days treatment (Fu et al., 2017).

Of the 57 trials, 31 reported that adverse events occurred (Cui

et al., 2005a; Cui et al., 2005b; Xu et al., 2006; Zhou et al., 2015;

Wang and Li, 2016; Zheng et al., 2016; Li, 2017a; Gao et al., 2017;

Zhang et al., 2018a; Chang, 2018; Ma and Xiao, 2018; Xiong and

Hong, 2018; Yu, 2018; Zhang and Li, 2018; Bai, 2019; Jiang, 2019;

Jin, 2019; Qin and Han, 2019; Wu, 2019; Li et al., 2020a; Wang,

2020; Zhang et al., 2020; Zhou et al., 2020; Liu et al., 2021a; Li,

2021; Pang et al., 2021; Ye et al., 2021; Zhang et al., 2021; Si et al.,

2022; Wu, 2022; Zhu, 2022), 10 reported that no adverse events

occurred (Fu, 2015; Yan andMa, 2015; Dong et al., 2016; Fu et al.,

2017; Li et al., 2017; Li, 2018; Zhang, 2018; Pan et al., 2019; Wang

et al., 2020a; Yang et al., 2021), and the remaining 16 did not

mention whether adverse events occurred or not (Wei et al.,

2012; Lv, 2015; Xu et al., 2016; Li, 2017b; Liu et al., 2018a; Zhang

et al., 2018b; Chang and Ma, 2018; Lin et al., 2018; Lv et al., 2018;

Xu, 2018; Chen et al., 2019; Wang et al., 2020b; Zhu et al., 2021a;

Zhu et al., 2021b; Chen et al., 2021; Chen and Qian, 2021).

Risk of bias in included studies

Risk of bias for all the included studies is assessed in Figure 2 and

Supplementary Figure S1. In the domain of randomization, one trial

(Cui et al., 2005b) was evaluated at low risk of bias, 54 at some

concern (Cui et al., 2005a;Wang and Li, 2016; Fu, 2015; Yu, 2018; Lv

et al., 2018; Lv, 2015; Wu, 2019; Zhou et al., 2015; Chang and Ma,

2018; Chang, 2018; Zhang, 2018; Zhang et al., 2018a; Zhang and Li,

2018; Zhang et al., 2018b; Xu et al., 2006; Li et al., 2017; Li, 2017b; Li,

2018; Lin et al., 2018; Xiong andHong, 2018; Bai, 2019; Qin andHan,

2019; Fu et al., 2017; Dong et al., 2016; Xu et al., 2016; Xu, 2018;

Zheng et al., 2016; Chen et al., 2019; Wei et al., 2012; Yan and Ma,

2015; Ma and Xiao, 2018; Gao et al., 2017; Jin, 2019; Pan et al., 2019;

Jiang, 2019; Li et al., 2020a; Wang et al., 2020a; Wang, 2020; Zhang

et al., 2020; Zhou et al., 2020; Chen andQian, 2021; Li, 2021; Liu et al.,

2021a), and two at high risk of bias (Li, 2017a; Liu et al., 2018a). In the

domain of deviations from intended interventions, 44 trials (Cui et al.,

2005a; Cui et al., 2005b;Wang and Li, 2016; Fu, 2015; Lv, 2015; Zhou

et al., 2015; Chang and Ma, 2018; Chang, 2018; Zhang, 2018; Zhang

et al., 2018a; Zhang and Li, 2018; Zhang et al., 2018b; Xu et al., 2006;

Li, 2017a; Li et al., 2017; Li, 2017b; Lin et al., 2018; Bai, 2019; Qin and
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Han, 2019; Fu et al., 2017; Dong et al., 2016; Xu et al., 2016; Xu, 2018;

Wei et al., 2012; Yan and Ma, 2015; Ma and Xiao, 2018; Gao et al.,

2017; Jin, 2019; Pan et al., 2019; Jiang, 2019; Wang et al., 2020a;

Wang, 2020; Zhou et al., 2020; Chen and Qian, 2021; Li, 2021; Pang

et al., 2021; Yang et al., 2021; Ye et al., 2021; Zhang et al., 2021; Zhu

et al., 2021a; Zhu et al., 2021b; Chen et al., 2021; Si et al., 2022) were

evaluated at low risk of bias, and 13 at some concern (Zheng et al.,

2016; Liu et al., 2018a; Li, 2018; Lv et al., 2018; Xiong andHong, 2018;

Yu, 2018; Chen et al., 2019; Wu, 2019; Li et al., 2020a; Wang et al.,

2020b; Zhang et al., 2020; Liu et al., 2021a; Zhu, 2022). In the domain

of missing outcome data, 41 trials (Cui et al., 2005b; Xu et al., 2006;

Wei et al., 2012; Fu, 2015; Lv, 2015; Yan and Ma, 2015; Zhou et al.,

2015; Dong et al., 2016;Wang and Li, 2016; Xu et al., 2016; Li, 2017a;

Li, 2017b; Fu et al., 2017; Gao et al., 2017; Li et al., 2017; Zhang et al.,

2018a; Zhang et al., 2018b; Chang, 2018; Chang and Ma, 2018; Lin

et al., 2018;Ma and Xiao, 2018; Xu, 2018; Zhang, 2018; Zhang and Li,

2018; Bai, 2019; Jiang, 2019; Jin, 2019; Qin and Han, 2019; Wang

et al., 2020a; Wang, 2020; Zhou et al., 2020; Zhu et al., 2021a; Zhu

et al., 2021b; Chen et al., 2021; Chen and Qian, 2021; Li, 2021; Pang

et al., 2021; Yang et al., 2021; Zhang et al., 2021; Si et al., 2022; Wu,

2022) were evaluated at low risk of bias, and the remaining 16 (Cui

et al., 2005a; Zheng et al., 2016; Liu et al., 2018a; Li, 2018; Lv et al.,

2018; Xiong and Hong, 2018; Yu, 2018; Chen et al., 2019; Pan et al.,

2019;Wu, 2019; Li et al., 2020a;Wang et al., 2020b; Zhang et al., 2020;

Liu et al., 2021a; Ye et al., 2021; Zhu, 2022) at high risk of bias. In the

domain of outcome measurement, one trial (Cui et al., 2005b) was

evaluated at low risk of bias and 56 (Cui et al., 2005a; Wang and Li,

2016; Fu, 2015; Yu, 2018; Liu et al., 2018a; Lv et al., 2018; Lv, 2015;

Wu, 2019; Zhou et al., 2015; Chang and Ma, 2018; Chang, 2018;

Zhang, 2018; Zhang et al., 2018a; Zhang and Li, 2018; Zhang et al.,

2018b; Xu et al., 2006; Li, 2017a; Li et al., 2017; Li, 2017b; Li, 2018; Lin

et al., 2018; Xiong andHong, 2018; Bai, 2019; Qin andHan, 2019; Fu

et al., 2017; Dong et al., 2016; Xu et al., 2016; Xu, 2018; Zheng et al.,

2016; Chen et al., 2019; Wei et al., 2012; Yan and Ma, 2015; Ma and

Xiao, 2018; Gao et al., 2017; Jin, 2019; Pan et al., 2019; Jiang, 2019; Li

et al., 2020a;Wang et al., 2020a;Wang, 2020; Zhang et al., 2020; Zhou

et al., 2020; Chen and Qian, 2021) at high risk of bias. In the domain

of selection of the reported result, two trials (Cui et al., 2005a; Cui

et al., 2005b) were evaluated at low risk of bias, 53 (Xu et al., 2006;

Wei et al., 2012; Fu, 2015; Yan andMa, 2015; Zhou et al., 2015; Dong

et al., 2016; Wang and Li, 2016; Xu et al., 2016; Zheng et al., 2016; Li,

2017a; Li, 2017b; Fu et al., 2017; Gao et al., 2017; Li et al., 2017; Liu

et al., 2018a; Zhang et al., 2018a; Zhang et al., 2018b; Chang, 2018;

Chang andMa, 2018; Li, 2018; Lin et al., 2018; Lv et al., 2018;Ma and

Xiao, 2018; Xiong and Hong, 2018; Xu, 2018; Yu, 2018; Zhang, 2018;

Zhang and Li, 2018; Bai, 2019; Chen et al., 2019; Jiang, 2019; Jin, 2019;

Pan et al., 2019; Qin and Han, 2019; Wu, 2019; Wang et al., 2020a;

Wang et al., 2020b;Wang, 2020; Zhang et al., 2020; Zhou et al., 2020;

Liu et al., 2021a; Zhu et al., 2021a; Zhu et al., 2021b; Chen et al., 2021;

Chen and Qian, 2021; Li, 2021; Pang et al., 2021; Yang et al., 2021; Ye

et al., 2021; Zhang et al., 2021; Si et al., 2022;Wu, 2022; Zhu, 2022) at

some concern, and two (Lv, 2015; Li et al., 2020a) at high risk of bias.

One trial (Cui et al., 2005b) was categorized as being at low overall

risk of bias, and the remaining 56 (Cui et al., 2005a; Wang and Li,

2016; Fu, 2015; Yu, 2018; Liu et al., 2018a; Lv et al., 2018; Lv, 2015;

Wu, 2019; Zhou et al., 2015; Chang and Ma, 2018; Chang, 2018;

Zhang, 2018; Zhang et al., 2018a; Zhang and Li, 2018; Zhang et al.,

2018b; Xu et al., 2006; Li, 2017a; Li et al., 2017; Li, 2017b; Li, 2018; Lin

et al., 2018; Xiong andHong, 2018; Bai, 2019; Qin andHan, 2019; Fu

et al., 2017; Dong et al., 2016; Xu et al., 2016; Xu, 2018; Zheng et al.,

2016; Chen et al., 2019; Wei et al., 2012; Yan and Ma, 2015; Ma and

Xiao, 2018; Gao et al., 2017; Jin, 2019; Pan et al., 2019; Jiang, 2019; Li

et al., 2020a; Wang et al., 2020a; Wang, 2020; Zhang et al., 2020;

Zhou et al., 2020; Chen and Qian, 2021) as being at high overall risk.

Composite outcome of death and
dependency

Two trials involving 264 participants, of whom 4 (1.52%) were

lost to follow-up, reported the composite outcome of death and

dependency at 3 months of follow-up (Pan et al., 2019; Zhou et al.,

2020). The incidence of death and dependency was 25.38% (33/130)

in the intervention group and 43.08% (56/130) in the control group,

FIGURE 2
Risk of bias in the included trials.
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and fixed-effect meta-analysis showed evidence for a protective effect

ofNBP against the composite outcome of death and dependency (RR

0.59, 95% CI 0.42 to 0.83; participants = 260; studies = 2; I2 = 10%;

Figure 3).

Death

Ten trials reported the number of deaths during the treatment

period or at follow-up. One trial (Zhang et al., 2018b) reported one

death in the intervention group (1/73, 1.37%) and four deaths in the

control group (4/73, 5.48%) during 14-days treatment. One trial

(Pang et al., 2021) reported one death in the intervention group (1/53,

1.89%) and seven deaths in the control group (7/52, 13.46%) at the

end of 14-days treatment. One trial (Dong et al., 2016) reported only

one death in the control group during 14-days treatment (1/86,

1.16%). One trial (Wei et al., 2012) reported one death in each group

at the end of 21-days treatment (both 1/55, 1.82%). One trial (Wang

et al., 2020b) reported two deaths in the intervention group (2/89,

2.25%) and three deaths in the control group (3/89, 3.37%) during 3-

months follow-up. One trial (Yang et al., 2021) reported one death in

the intervention group (1/71, 2.44%) and four deaths in the control

group (4/71, 5.63%) during 5-months follow-up. The other four trials

reported no deaths during 14-days treatment (Wang and Li, 2016;

Gao et al., 2017; Chang and Ma, 2018) or 21-days treatment (Zhou

et al., 2015).

Across all 10 trials, the incidence of death was 0.51% (6/1,184) in

the intervention group and 1.81% (20/1,103) in the control group,

and fixed-effect meta-analysis showed that NBP treatment was

associated with a significant reduction in death during the

treatment period or at follow-up (RR 0.32, 95% CI 0.13 to 0.75;

participants = 2,287; studies = 10; I2 = 0%; Figure 4).

Dependency

mRS
Six trials used the mRS score to access the level of

functional independence after NBP treatment (Wang, 2020;

Zhang et al., 2020; Yang et al., 2021; Wu, 2022) or at 3-months

follow-up (Wang et al., 2020b; Ye et al., 2021). One did not

report the specific scores of mRS (Wang et al., 2020b). One

trial (Ye et al., 2021) involving 204 participants, of whom 10

(4.90%) were lost to 3-months follow-up, reported that the

dependency rate was 21.43% (21/98) in the intervention group

and 36.46% (35/96) in the control group.

The remaining four trials (Wang, 2020; Zhang et al., 2020; Yang

et al., 2021; Wu, 2022) reported mRS scores as means and standard

deviations (SDs), which could not be converted to dependency rates.

Across these four trials, fixed-effect meta-analysis showed a

significant decrease in the mRS score among patients receiving

NBP (MD -0.80, 95% CI -0.88 to -0.72; participants = 568;

studies = 4; I2 = 0%; Figure 5).

BI
Twenty-three trials used the BI to assess the performance of

personal basic activities of daily living after NBP treatment (Zhou

et al., 2015; Zheng et al., 2016; Fu et al., 2017; Gao et al., 2017; Liu

et al., 2018a; Zhang et al., 2018a; Lin et al., 2018; Xu, 2018; Zhang

and Li, 2018; Qin and Han, 2019; Chen et al., 2021; Chen and

Qian, 2021; Ye et al., 2021; Zhang et al., 2021; Si et al., 2022; Wu,

2022; Zhu, 2022) at follow-up of either 1 month (Fu, 2015) or

3 months (Li, 2017a; Li et al., 2017; Lv et al., 2018; Ma and Xiao,

2018; Yang et al., 2021). One trial (Zheng et al., 2016) could not

be included in the meta-analysis because it did not report BI

scores after treatment.

The remaining 22 trials, involving 2,975 participants (Fu,

2015; Zhou et al., 2015; Li, 2017a; Fu et al., 2017; Gao et al.,

2017; Li et al., 2017; Liu et al., 2018a; Zhang et al., 2018a; Lin

et al., 2018; Lv et al., 2018; Ma and Xiao, 2018; Xu, 2018; Zhang

and Li, 2018; Qin and Han, 2019; Chen et al., 2021; Chen and

Qian, 2021; Yang et al., 2021; Ye et al., 2021; Zhang et al., 2021;

Si et al., 2022; Wu, 2022; Zhu, 2022) of whom 7 (0.24%) were

lost to follow-up, reported BI as means and SDs, which could

not be converted to dependency rates. Random-effect meta-

analysis showed that BI increased significantly more among

patients receiving NBP (MD 11.08, 95% CI 9.10 to 13.05;

participants = 2,968; studies = 22; I2 = 91%; Figure 6).

FIGURE 3
Meta-analysis of the composite outcome of death and dependency at 3-months follow-up.
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Global neurological impairment
improvement

NIHSS
Forty-eight trials used the NIHSS to assess neurological

deficit, but two of them did not report specific NIHSS scores

(Ma and Xiao, 2018; Wang et al., 2020b). The remaining

46 trials reported NIHSS scores at baseline and at the end of

treatment (Lv, 2015; Yan and Ma, 2015; Zhou et al., 2015;

Dong et al., 2016; Wang and Li, 2016; Xu et al., 2016; Zheng

et al., 2016; Li, 2017a; Li, 2017b; Gao et al., 2017; Li et al.,

2017; Liu et al., 2018a; Zhang et al., 2018a; Zhang et al., 2018b;

Chang and Ma, 2018; Lin et al., 2018; Lv et al., 2018; Xiong

and Hong, 2018; Xu, 2018; Yu, 2018; Zhang, 2018; Zhang and

Li, 2018; Chen et al., 2019; Jin, 2019; Qin and Han, 2019; Wu,

2019; Li et al., 2020a; Wang et al., 2020a; Wang, 2020; Zhang

et al., 2020; Liu et al., 2021a; Zhu et al., 2021a; Zhu et al.,

2021b; Chen et al., 2021; Chen and Qian, 2021; Li, 2021; Pang

et al., 2021; Ye et al., 2021; Si et al., 2022; Wu, 2022; Zhu,

2022) and follow-up (Fu, 2015; Fu et al., 2017; Chang, 2018;

Bai, 2019; Pan et al., 2019; Zhou et al., 2020). These trials

involved 7,316 participants, of whom 7 (0.10%) died and 26

(0.36%) were lost to follow-up.

Random-effect meta-analysis of these 46 trials showed a

significant decrease in the NIHSS score among patients receiving

NBP (MD -3.39, 95%CI -3.76 to -3.03; participants = 7,283; studies =

46; I2 = 85%; Figure 7).

CSS
Four trials (Cui et al., 2005a; Cui et al., 2005b;Wei et al., 2012; Li,

2018) with 543 participants assessed neurological deficit using the

CSS score (Cui et al., 2005a; Cui et al., 2005b; Wei et al., 2012; Li,

2018). Random-effect meta-analysis showed that NBP significantly

decreased CSS score (MD -4.16, 95%CI -7.60 to -0.73; participants =

543; studies = 4; I2 = 91%; Supplementary Figure S2).

Other scales
Two trials assessed neurological deficit using the Cerebrovascular

Disease Rehabilitation Medical Plans (Xu et al., 2006) and

Assessment Standard Scale or the modified Edinburgh-

Scandinavia Stroke Scale (MESSS) (Zhang et al., 2021). A third

trial (Fu et al., 2017) used an unidentified scale. Meta-analysis of all

FIGURE 4
Meta-analysis of death during the treatment period or follow-up.

FIGURE 5
Meta-analysis of the modified Rankin Scale after treatment, as an index of functional independence.

Frontiers in Pharmacology frontiersin.org08

Wang et al. 10.3389/fphar.2022.963118

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.963118


three trials showed that NBP was associated with significantly greater

improvement of neurological function than the control intervention

(MD -3.73, 95% CI -4.64 to -2.82; participants = 345; studies = 3; I2 =

0%; Supplementary Figure S3).

Adverse events

Thirty-one trials (Cui et al., 2005a; Cui et al., 2005b; Xu et al.,

2006; Zhou et al., 2015; Wang and Li, 2016; Zheng et al., 2016; Li,

2017a; Gao et al., 2017; Zhang et al., 2018a; Chang, 2018; Ma and

Xiao, 2018; Xiong and Hong, 2018; Yu, 2018; Zhang and Li, 2018;

Bai, 2019; Jiang, 2019; Jin, 2019; Qin and Han, 2019; Wu, 2019; Li

et al., 2020a; Wang, 2020; Zhang et al., 2020; Zhou et al., 2020; Liu

et al., 2021a; Li, 2021; Pang et al., 2021; Ye et al., 2021; Zhang et al.,

2021; Si et al., 2022; Wu, 2022; Zhu, 2022) reported that adverse

events occurred, three of which (Wu, 2019; Li et al., 2020a; Zhu,

2022) reported that adverse events occurred without providing

details. The most frequent adverse events reported by the other

28 trials were elevated transaminase, rash and gastrointestinal

discomfort.

Ten trials (Cui et al., 2005a; Cui et al., 2005b; Xu et al., 2006;

Zhou et al., 2015; Zheng et al., 2016; Zhang et al., 2018a; Jiang,

2019; Wang, 2020; Zhang et al., 2020; Si et al., 2022) reported

elevated transaminase, but five trials (Zhang et al., 2018a; Jiang,

2019; Wang, 2020; Zhang et al., 2020; Si et al., 2022) did not

clearly describe the specific change in transaminase. The other

five trials reported an increase in alanine transaminase in 1.39-

17.53% of participants who received NBP, compared to 5-5.88%

of controls (Cui et al., 2005a; Cui et al., 2005b; Xu et al., 2006;

Zhou et al., 2015; Zheng et al., 2016). Two of those five trials (Cui

et al., 2005b; Xu et al., 2006) also observed that 1.69-6.19% of

NBP participants and 0-2.94% of controls had elevated aspartate

aminotransferase. Meta-analysis of the five trials indicated

significantly higher incidence of elevated alanine transaminase

in the intervention group than in the control group (RR 2.63, 95%

CI 1.34 to 5.14; participants = 713; studies = 5; I2 = 0%,

Supplementary Figure S4). In contrast, meta-analysis of the

two trials reporting aspartate aminotransferase findings found

that the incidence of aspartate aminotransferase abnormality did

not differ significantly between the two groups (RR 2.24, 95% CI

0.64 to 7.79; participants = 318; studies = 2; I2 = 0%,

Supplementary Figure S5).

Eleven trials (Zheng et al., 2016; Li, 2017a; Chang, 2018; Ma and

Xiao, 2018; Yu, 2018; Zhang and Li, 2018; Qin and Han, 2019;

Wang, 2020; Liu et al., 2021a; Li, 2021; Wu, 2022) involving

1,396 participants reported rash in 0-1.96% of participants in the

intervention group and 0-8.33% in the control group. Meta-analysis

showed no significant difference in the incidence of rash between the

two groups (RR 0.66, 95% CI 0.32 to 1.37; participants = 1,396;

studies = 11; I2 = 0%; Supplementary Figure S6).

Seventeen trials (Cui et al., 2005b; Xu et al., 2006; Zhou et al.,

2015; Wang and Li, 2016; Li, 2017a; Zhang et al., 2018a; Chang,

2018; Xiong andHong, 2018; Zhang and Li, 2018; Jiang, 2019; Jin,

FIGURE 6
Meta-analysis of Barthel Index at the end of treatment or follow-up, as an index of basic activities of daily living.
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2019; Qin and Han, 2019; Wang, 2020; Zhou et al., 2020; Ye et al.,

2021; Zhang et al., 2021; Si et al., 2022) reported that 1.09-6.15%

of the intervention group and 0-13.2% of controls experienced

abdominal and gastrointestinal symptoms, such as loss of

appetite, nausea, and vomiting. In addition, three trials

(Chang, 2018; Zhang and Li, 2018; Zhang et al., 2021)

reported mild gastrointestinal bleeding in 0-3.45% of

participants in the intervention group and 1.67-5.66% in the

control group.

Seven trials (Gao et al., 2017; Chang, 2018; Yu, 2018; Zhang

and Li, 2018; Liu et al., 2021a; Li, 2021; Ye et al., 2021) reported

gingival bleeding in 0-15.52% of participants in the intervention

group and 0.98-18.97% in the control group. Three trials (Gao

et al., 2017; Bai, 2019; Pang et al., 2021) reported hemorrhagic

transformation after cerebral infarction in 1.47-3.7% of

participants in the intervention group and 3.7-11.54% in

controls. Three trials (Jin, 2019; Zhou et al., 2020; Ye et al.,

2021) reported that dizziness in 0.98-3.85% of the intervention

group and 0-1.85% of controls.

Infrequent adverse events in the intervention group

included mild hallucination in one case (Cui et al., 2005b)

(1.0%), agitation in one case (Xu et al., 2006) (1.7%),

sleepiness in two cases (Jin, 2019) (3.70%), headache in

one case (Zheng et al., 2016) (1.79%), transient chest

FIGURE 7
Meta-analysis of NIHSS score at the end of treatment or follow-up, as an index of neurological deficit.
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tightness in two cases (Ma and Xiao, 2018; Liu et al., 2021a)

(1.49-1.96%), hypotension in two cases (Zhang et al., 2020)

(3.92%), diarrhea in one case (Jiang, 2019) (1.96%), fatigue in

one case (Zhou et al., 2020) (1.92%), and subcutaneous

bleeding in three cases (Gao et al., 2017) (5.6%).

Assessment of reporting bias

The meta-analysis of changes of neurological deficit based on

NIHSS score involved the greatest number of studies (46), so this

meta-analysis was analyzed by funnel plot. The plot appeared

symmetrical, suggesting no significant publication bias

(Figure 8).

Subgroup analysis and sensitivity analysis

Subgroup analyses had been conducted to determine whether

there were differences in treatment effects among different forms

of NBP. The subgroup analyses were not performed for composite

outcome of death and dependency because there were fewer than

ten trials available. Among the remaining outcomes, the treatment

effects were similar for most subgroups, except for death

(Supplementary Figures S8–10). Using soft capsules appeared to

be associated with a significant reduction in death, while either

injections or sequential therapy showed no similar reduction

(Supplementary Figure S7). We had also planned to perform

sensitivity analyses to explore the influence of study quality on

effect size by excluding trials whose overall risk of bias was “high”

or “some concern”. However, we did not perform sensitivity

analysis because all trials but one (Cui et al., 2005b) were

categorized as being at “high” or “some concern” of overall risk

of bias.

Discussion

This updated systematic review, which includes 54 RCTs

not examined in a 2010 systematic review, confirms earlier

conclusions that NBP mitigates neurological deficit, improves

daily living after acute ischemic stroke, and is generally well

tolerated. Unfortunately, there were too few trials and their

quality was too low to conclude whether NBP reduces risk of

long-term death or dependency after ischemic stroke.

Nevertheless, we can conclude that NBP reduces risk of

short-term death after ischemic stroke. Even though we

were able to include many additional RCTs, despite

excluding trials with up to100 patients, most of the trials

in our review were of lower quality and were considered at

high overall risk of bias. Our analysis highlights the need for

NBP trials that analyze long-term mortality and disability,

particularly using the mRS.

Stroke is highly disabling and can lead to severe

neurological impairment in the acute phase. Studies

suggest that 4%-38% of acute stroke patients present with

a reduced level of consciousness or coma, 13%-48% with

confusion or delirium, and 37%-78% with dysphagia on

admission (Li et al., 2016; Powers et al., 2019). It may be

difficult to administer drugs orally to such patients, who are

at increased risk of aspiration pneumonia or airway

obstruction (Hannawi et al., 2013). Especially for such

patients, NBP soft capsules have been reformulated as an

injection. The present review, unlike the previous

2010 review, included NBP formulated as an injection.

Our review also included sequential NBP therapy (Jin

et al., 2020), in which NBP is initially given as an

injection, and then later as a soft capsule after patients

stabilize or are discharged. Our results are consistent with

a randomized, double-blind, double-dummy trial involving

573 patients with ischemic stroke that showed that sequential

NBP treatment lasting 90 days effectively decreased mRS

scores and improved functional outcomes (Mamtilahun

et al., 2013).

The adverse events reported in 31 of the 57 studies in

our review did not include any serious events; the most

frequent events were elevated transaminase, rash and

gastrointestinal discomfort. Similarly, a phase IV, multicenter,

prospective, open-label trial showed that NBP injection was safe

and associated with an overall adverse event rate of 3.28% in

patients with acute ischemic stroke (Li et al., 2019a). Even though

NBP injections have been used in the clinic for more than a

decade, the evidence base still needs to examine adverse events

over much longer periods.

Mechanistic studies of NBP indicate that it can accelerate

microcirculatory blood flow, dilate microvascular caliber,

FIGURE 8
Funnel plot for evaluating publication bias in the meta-
analysis of NIHSS score at the end of treatment or follow-up
(46 trials).
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improve cerebral circulation, protect mitochondrial function,

improve mitochondrial energy pump, enhance the oxidative

stress response of the nervous system, inhibit neuronal

apoptosis and autophagy, reduce infarct size, and improve

energy metabolism after cerebral ischemia (Wang et al.,

2010). NBP downregulates AQP4 and matrix

metalloprotease-9 (Mamtilahun et al., 2021), which may

help explain how it protects the blood-brain barrier in the

acute phase of ischemic stroke (Hu et al., 2014; Feng et al.,

2018; Li et al., 2019b). NBP can promote collateriogenesis,

neurogenesis, and angiogenesis; increase axonal growth; and

strengthen white matter integrity (Yang et al., 2015; Sun et al.,

2017; Zhou et al., 2019; Wang et al., 2020c; Liu et al., 2021b;

Qu et al., 2021; Wei et al., 2021). NBP can accelerate the

recovery of cerebral blood flow and reduce cognitive

impairment (Xiong et al., 2017; Li et al., 2019c). It can

inhibit platelet activation via inhibition of cPLA2-mediated

TXA2 synthesis and platelet phosphodiesterase (Ye et al.,

2015). NBP can also attenuate ischemia reperfusion brain

injury by suppressing inflammation, promoting

remyelination, inhibiting neuronal apoptosis, and

increasing regional blood flow (Wen et al., 2016; Qin et al.,

2019; Yang et al., 2019; Li et al., 2020b). These pleiotropic

effects make NBP a powerful weapon against acute ischemic

stroke and ensuing injury.

Although we included only RCTs that clearly described the

method of patient allocation and that included more than

100 patients, most trials in our review proved to be at high

risk of bias in the domains of placebo use, allocation

concealment, and blinding of efficacy evaluation (One study

(Cui et al., 2005b) was a notable exception). These issues are

common among clinical trials involving cerebrovascular

diseases in China (He et al., 2012). Thus, these

methodological aspects should be improved in order to

increase RCT quality (Liu et al., 2018b). Concerted efforts

are needed from government policymakers, clinical research

organizations, international clinical trial monitoring agencies,

and clinical training programs in order to bolster clinical trial

quality in China.

Limitations

This systematic review has several limitations. First, the

methodological quality of the eligible studies is generally low.

Most studies did not report key information about randomization

or blinding, or complete outcomes data, which, to a certain extent,

affects the reliability of the results. Although we did not impose

geographic constraints during our literature search, all included

studies were conducted in China, raising the question of

generalizability to other populations. Second, assessment scales

and endpoint definitions varied across studies, contributing to

heterogeneity.

Conclusion

The results of our study suggest that DL-3-n-butylphthalide

reduces the rate of short-term death and improves the degree of

neurological deficit in patients with acute ischemic stroke, while

showing a good safety profile. More research is needed to assess

efficacy at reducing long-term death and disability.
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