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Abstract
Background: As one of the leading causes of morbidity and mortality, stroke and its recurrence has attracted more
and more attention. Dl-3-n-butylphthalidle(NBP) has been widely used for treating acute ischemic stroke in China and
shows a great clinical effect. NBP plays a role in different pathophysiological processes in the treatment of ischemic
stroke, including antioxidants, anti-inflammatory, anti-apoptotic, anti-thrombosis, and mitochondrial protection.
Many randomized, double-blind, placebo-controlled, multicenter clinical trials suggest that NBP is a safe and effective
treatment for ischemic stroke. To sum up, the current research is mainly focused on the short-term treatment of stroke
patients with RCT (randomized controlled trial). Therefore, we designed this study to confirm the role of butylphthalide in secondary stroke prevention in the real world.
Methods: This study will be a multicenter, prospective real-world trial. We would recruit 8000 patients with ischemic
stroke from 78 public hospitals in China. All participants will be allocated to one of two parallel treatment groups
according to their own wills: (1) butylphthalide group: 0.2 g of butylphthalide capsules three times daily plus routine
treatment (aspirin 50-300 mg/d, clopidogrel 75 mg/d, etc.); (2) control group: routine treatment (aspirin 50-300 mg/d,
clopidogrel 75 mg/d, etc.). Treatment duration is 90 consecutive days or more. The primary outcome is recurrence rate
of stroke within 1 month, 3 months, 6 months and 1 year in butylphthalide group and control group. The secondary
outcomes included NIHSS score, the mRS score, other clinical cardiovascular events within one year (sudden death /
myocardial infarction / arrhythmia / heart failure, etc.), and adverse events of patients in groups. NIHSS will be captured in the first month after discharge, and the others will be captured at the same time points as the primary end
point.
Discussion: This trial will be exploring the efficacy and safety of butylphthalide in secondary prevention of ischemic
stroke to expand the scope of application of butylphthalide soft capsules and provide new ideas for enriching the
secondary prevention of stroke.
Trial registration: Chinese Clinical Trial Registry (ChiCTR). Trial registration number: ChiCTR2000034481. Registered
on 6 July 2020, http://www.chictr.org.cn/showproj.aspx?proj=55800
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Introduction {6}
Background {6a}

Stroke is a common cerebrovascular disease, which is
characterized by high incidence, high disability rate
and mortality. Acute ischemic stroke (AIS) accounts for
60% to 80% of stroke. It is a group of clinical syndromes
caused by brain tissue blood supply disorder, resulting
in ischemic and hypoxic necrosis, and then neurological dysfunction [1]. According to data from the China
National Stroke Registry, the recurrence rate of acute
stroke patients in China is 17.7% in the first year. The
5-year cumulative recurrence rate exceeds 30% [2].
The American Heart Association Council predicts
that another 3.4 million American adults ≥ 18 years
of age will have a stroke in 2030. The prevalence rate
will increase by 20.5% compared with 2012 [3]. In addition, stroke places a great deal of economic burden
on patients, their families as well as the entire society.
From 2015 to 2035, the total number of direct medical strokes and related costs are expected to more
than double, from $36.7 billion to $94.3 billion [3].
Therefore, how to reduce the recurrence of stroke and
improve the prognosis is a hot topic for medical workers all over the world.
NBP has been widely used for treating acute ischemic
stroke in China and shows a great clinical effect [4].
According to the Chinese Guidelines for Evaluation and
Intervention of Collateral circulation in Ischemic Stroke
2017, interventions for collateral circulation include
non-drug interventions, such as external counterpulsation (IIb recommendation, Grade C evidence); and drug
interventions, such as NBP (IIa recommendation, Level
B evidence) [5]. According to a meta-analysis in 2019,
researchers found evidence that the combination of NBP
and conventional neuroprotective agents can improve
functional recovery 90 days after ischemic stroke compared with traditional drugs alone [6]. NBP is a safe and
effective treatment for progressive cerebral infarction
(PCI). A randomized, double-blind, controlled study was
conducted on the effectiveness and safety of NBP in the
treatment of PCI (Zhang et al., 2017). The primary endpoints were the National Institutes of Health Stroke Scale
(NIHSS) score before treatment and at 7, 14, 21, and
30 days after treatment, and Barthel Index (BI) evaluation
on the 90th day of treatment. The result shows that NBP
can improve the prognosis and reduce the burden of daily
life of PCI patients [7]. Other randomized, double-blind,
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placebo-controlled, multicenter clinical trials suggest that
NBP may be a safe and effective treatment for ischemic
stroke [8–10]. In addition, a Phase II clinical trial of NBP
soft capsules for patients with ischemic stroke began in
the United States in 2017 (NCT02905565) [5]. To sum
up, the current research is mainly focused on the shortterm treatment of stroke patients with RCT. Therefore,
we designed this study to confirm the role of butylphthalide in secondary stroke prevention in the real world.
Rationale

NBP was originally extracted from the seeds of Apium
Graveolens Linn. It is an effective ingredient of Chinese
herbal medicine that used to treat epilepsy [11]. However,
it has been found that the effective dose and the toxic
dose in treating epilepsy are close, which has a greater
safety risk. Therefore, the focus of research has shifted
from epilepsy to stroke. Subsequent studies have shown
that in the rat ischemic stroke model, NBP can reduce
infarct volume, neuronal cell death and brain edema, and
preserve the blood–brain barrier [11–17]. A study compared the incidence of stroke, the volume of the brain
lesion, patency of the microvessels by FITC-dextran
perfusion and the number of microvessels by immunohisochemical detection of vwF between NBP pretreatment group and control group. The incidence of ischemic
stroke and the volume of the infarct were decreased,
and the perfused microvessels were increased with NBP
pretreatment [18]. In addition, NBP reduced glial fibrillary acidic protein (GFAP)-positive astrocytes induced
by chronic cerebral ischemia, so as to play a protective
effect on hippocampal injury [19]. NBP plays a role in
different pathophysiological processes in the treatment
of ischemic stroke, including antioxidants, anti-inflammatory, anti-apoptotic, anti-thrombosis, and mitochondrial protection [4, 20]. A study showed that NBP could
display strong activity in inhibiting the arachidonic acid
(AA)- and adenosine diphosphate (ADP)-induced platelet aggregation in vitro. Furthermore, NBP could release
moderate levels of NO and H2S, which would be beneficial in improving cardiovascular and cerebral circulation [21]. Butylphthalide also increases vasodilation and
inhibits platelet aggregation [22]. NBP has been confirmed to increases VEGF expression and decreases poststroke inflammation and MMP-9 expression in animal
models of stroke [23, 24]. In view of its powerful therapeutic effect on ischemic stroke in animal models, the
State Food and Drug Administration of China approved
it for clinical trials. The Phase IV clinical research trial
was completed in February 2005. NIHSS, Barthel index
(BI) and Activities of Daily living scale (ADL) were used
as the end points of the study. Total effective rate = (Basic
recovery cases + significant improvement cases)a / total
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number of cases × 100%. And the total effective rate of
butylphthalide was 78.2% [25, 26]. A research investigated the effects of dl-3-n-butylphthalide (NBP) on the
level of circulating endothelial progenitor cells (EPCs)
and clinical outcome in patients with acute ischemic
stroke (AIS).The results showed that the levels of circulating EPCs on days 14 and 30 were significantly higher
in the NBP group than in the control group. In contrast,
NIHSS score was notably lower in NBP group on day
14, 30 and day 90. The mRS score in the NBP group was
lower on day 90 [27].
a:Basic recovery: the score of neurological impairment decreased by 91%-100%, and the degree of disability was 0;
Significant progress: the score of neurological
impairment decreased by 46% to 90%, and the
degree of disability was 1;
Progress: the score of neurological impairment
decreased by 18% to 45%;
No change: the score of neurological impairment
decreased or increased by less than 17%;
Deterioration: the score of neurological impairment
increased by more than 18%.
Explanation for the choice of comparators {6b}

Doctors will make medication plans for secondary prevention according to their parents’ condition when they
are discharged, and recommend (rather than forcing)
them to take butylphthalide. We will manage patients
through Internet means such as WeChat Mini Programs, and record their medication regularly. At the
end of the whole study cycle, we will take patients who
take NBP for 3 months as NBP group, and patients who
refused to take butylphthalide or poor drug c omplianceb
as the control group. In addition, we will faithfully
record other drugs except butylphthalide soft capsules.
b:According to the formula: “medication compliance = actual number of tablets / number of tablets to be taken × 100%”, we calculate the patient’s
drug compliance. 80% to 120% will be considered
as good compliance, while < 80% or > 120% will be
considered poor compliance.

Objectives {7}
The objective of this trial is to confirm the efficacy and
safety of butylphthalide on secondary prevention of
stroke patients through follow-up of the experimental
group and the control group. It provides clinical evidence for NBP to prevent and treat stroke, and has certain significance for improving treatment and prognosis
of patients.
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Trial design {8}
This study is an open-label, noninferiority, two-armed,
prospective, multicenter, real world trial conducted
at Northwest University in Xi’an, China. The participants will be recruited from 78 hospitals across mainland China. Eligible participants will be assigned to the
butylphthalide group or the control group according to
their own wills. Every researcher at each study center
is scheduled to recruit patients from December 2020 to
June 2023. The flow chart of the trial is shown in Fig. 1.
Methods: participants, interventions and outcomes
Study setting {9}

We will recruit 8000 subjects from the following 78 hospitals. The list of recruitment hospitals can be found in
supplementary material 1. All subjects in each treatment
arm of the study will participate voluntarily after informed
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consent is obtained. Follow-up will be arranged at months
1, 3, 6, 12 after discharge. The project team leader communicates with the researchers of each center on a regular
basis and conducts study visits in all research centers.
Eligibility criteria {10}
Subject recruitment/screening

Cases will be recruited from the neurology department
of 78 hospitals in China, which have a high level of
diagnosis and treatment and are capable of performing
CT, MRI, and other examinations. The doctor in charge
of each trial center is responsible for the enrollment
and follow-up of patients. Before enrollment, patients
can be included only with informed consent. The follow-up is expected to be one year, and each follow-up
is used to confirm whether the patient meets the exclusion criteria or not.

Fig. 1 The flow chart of the trial. *: According to formula: “medication complianece = actual number of tablets / nunmber of tablets to be
taken × 100%”, we calculate the patient’s drug compliance. 80% to 120% will be considered as good compliance, while < 80% or > 120% will be
considered poor compliance
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To ensure the accuracy of the diagnosis and treatment of stroke, the recruitment criteria for clinicians
are as follows:
1. Neurology residents in 78 hospitals;
2. Complete at least 5 years of clinical medicine professional study and 3 years of standardized training for
resident physicians;
3. Complete the one-hour training course for this study.
One-hour training includes:
a. The basic introduction of this research protocol;
b. The basic introduction of this research protocol;
c. Instructions for the use of WeChat Mini Programs;
d. Other considerations;
e. Question and answer.
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Exclusion criteria

Subjects will be excluded in our study if they satisfy the
following criteria:
1. Discharged, transferred to another department or
died within 24 h;
2. Severe heart, liver, kidney and other organs dysfunction or severe systemic diseases expected to survive
less than one year;
3. Can not be followed up continuously;
4. Allergic to butylphthalide;
5. Pregnancy, lactation or planned pregnancy;
6. Severe mental disorders or dementia.
All patients will be recruited voluntarily and informed
consent should be signed. If it is not in the patient’s interest, the patient could withdraw from the study. The reason for each withdrawal patient should be assessed and
recorded in the electronic case report form (eCRF).

Diagnostic criteria

The diagnosis of ischemic stroke will have to meet the
following criteria [28]:
1. Acute onset. The symptoms peak in more than 10 h
or 1–2 days [29];
2. Neurologic dysfunction of any severity consistent
with focal brain ischemia(such as weakness or numbness on one side of the face or body, language disorder, etc.), and few may have comprehensive neurologic dysfunction;
3. Imaging/laboratory confirmation of an acute vascular
ischemic pathology;
4. Exclude non-vascular causes;
5. Brain CT/MRI excluded cerebral hemorrhage.

Who will take informed consent? {26a}

Patients diagnosed with acute ischemic stroke or their
authorized agents will read the informed consent form
carefully before joining the study. The researchers will
interview them and help them fully understand the
research content and potential risks. The informed consent form can be found in supplementary material 2.
Additional consent provisions for collection and use
of participant data and biological specimens {26b}

Not applicable.

Interventions
Intervention description {11a}

Inclusion criteria

Subjects will be included in our study if they satisfy the
following criteria:
1. Aged between 18 and 80 years;
2. Hospitalized patients with ischemic stroke diagnosed
by clinical symptoms or signs. The clinical manifestations are acute onset of local or diffuse brain injury.
And neurological impairment conformed to the
characteristics of vascular distribution;
3. Imaging/laboratory confirmation of an acute vascular
ischemic pathology;
4. Voluntarily provide written and informed consent.

(1) Butylphthalide group: 0.2 g of butylphthalide capsules three times daily plus routine treatment (aspirin 50-300 mg/d, clopidogrel 75 mg/d, etc.).
(2) Control group: routine treatment (aspirin
50-300 mg/d, clopidogrel 75 mg/d, etc.).
After discharge, all the subjects keep in touch with the
doctors in charge by Wechat group or Mini Program and
take medicine regularly to achieve high medication compliance. We plan to communicate with patients at a fixed
time every week (for example, 8 p.m. Thursday). At that
time, patients could communicate and ask any questions
about the study in the WeChat group. Treatment duration is 90 consecutive days or more.
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Criteria for discontinuing or modifying allocated
interventions {11b}

If patients have any discomfort, new changes in their
condition, or any unexpected circumstances during the
study, whether related to the study or not, they should
inform their doctors in time, and doctors will make a
judgment and give appropriate medical treatment.
Strategies to improve adherence to interventions {11c}

This study is based on the network platform for followup by a variety of means to improve patient adherence.
The doctor in charge of the patients will prescribe prescription and instruct them how to use the drug by
Wechat Mini Programs. The research assistant of each
research center will invite the patients to the Wechat
group, remind them of the medication time, make an
appointment for follow-up, and solve any questions
raised by the patients in the Wechat group in time.
Medication compliance will be calculated as the actual
taken amount of study medication documented in a
participant’s daily diary divided by the total amount
planned for the participant.
Relevant concomitant care permitted or prohibited
during the trial {11d}

Medications applied to treat the underlying diseases
(such as diabetes, hyperlipidemia and hypertension and
others) are permitted. However, any medications used
in this study should be documented in detail in case
report form (CRF), including name, dose, dosage regimen, indication, and treatment period.
Provisions for post‑trial care {30}

If an adverse event occurs in a clinical trial, the committee of medical experts will determine whether it is
related to therapeutic drugs. The organizer will provide
treatment fees and corresponding economic compensation for the test-related damage in accordance with the
provisions of “Drug Clinical trial quality Management
Code of China”.
Outcomes {12}
Primary outcome

Recurrence rate of stroke The proportion of recurrent
stroke in patients with ischemic stroke.
Recurrent stroke is defined as a new neurological deficit
at least 24 h after the incident stroke according to the
World Health Organization definition excluding edema,
mass effect, brain shift syndrome or hemorrhagic transformation, and procedure-related strokes [30].
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Our researchers will follow up patients and compare the recurrence rate of stroke between the butylphthalide group and the control group at month1,
3, 6 and 12. We will ask the patient’s condition in
detail in every follow-up after discharge. If the stroke
relapses, the researchers will record the time of recurrence, location of the lesion, TOAST classification,
occlusive vessels, sequelae, complications, other diagnoses and related examination results. The researchers will discuss with his doctor in charge to carefully
identify whether the patient has a relapse or initial
progression.
Secondary outcome

NIHSS score NIHSS score is a practical tool in the
clinic to evaluate the degree of neurological impairment.
NIHSS score of 42 points and 11 items, which takes into
account the symptoms of anterior circulation and posterior circulation, is an objective semi-quantitative evaluation tool of stroke severity. It has been widely used in
many international multicenter randomized controlled
studies, and is recognized as a grading system for stroke
patients’ severity with good repeatability. Generally,
NIHSS score needs to be scored face to face between
doctors and patients. However, due to various reasons,
patients usually cannot return to the hospital for followup, resulting in a large number of dropouts. Therefore,
in this study, Wechat is used to follow up the discharged
patients. The researchers make an appointment with the
patient for follow-up in advance and score the patient by
video calls.
MRS score The modified Rankin scale is used to measure the recovery of neurological function in patients with
stroke. It has the following advantages:
(1) The operation is simple, and the score can be
obtained through simple inquiry;
(2) As the effective evaluation index of functional disability level, mRS has good reliability and authenticity, and the standard mRS evaluation method
is direct interview between the evaluator and the
patient.
(3) MRS has no physical examination related content,
so remote assessment can be realized by phone or
questionnaire.
Adverse events Adverse events include emerging clinical cardiovascular events within one year (sudden death/
myocardial infarction/ arrhythmia/ heart failure, etc.),
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Table 1 Schedule of study procedures

and other adverse reactions of patients in the trial group.
During the follow-up period, we will add tests for other
adverse reactions such as liver and kidney function,
bleeding and blood coagulation.
Participant timeline {13}

Schedule of the study procedures is shown in Table 1.
Sample size {14}

The sample size calculation was conducted using the
PASS software version 25 (NCSS, LLC. Kaysville,
Utah, USA). Previous studies have shown that oneyear recurrence rate of stroke patients in China was

17.7% [1]. The underlying assumption was a decline of
the recurrence rate of stroke from 17.7% to 14.7%. The
sample size of the experimental group and the control
group was about 3168 with at least 90% power and an
overall two-sided alpha level of 0.05. Taking approximate dropouts of 15% into account, the number of
participants recruited was estimated to be 3727 each
group. Therefore, 8000 patients will be recruited for
this trial.
Recruitment {15}

We will recruit 8000 subjects from the following 78 hospitals.The list of recruitment hospitals can be found in
supplementary material 1.
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Assignment of interventions: allocation

Assignment of interventions: blinding

Sequence generation {16a}

Who will be blinded {17a}

This study is a real-world trial, with subjects assigned to
this trial based on their actual conditions and wishes.

A research assistant will be responsible for following up
the participants in every research center. Researchers,
research assistants and statisticians will be masked to
allocate treatment throughout the treatment period. No
blindness is allowed only in the event of serious adverse
events (SAE) or emergency rescue. Statistical analysis
will be conducted by independent statisticians who only
know the group code and do not know the corresponding
interventions.

Concealment mechanism {16b}

This study is an open-label, real world trial. So the
patients and doctors know the exact grouping. We will
further upgrade WeChat Mini Programs to automatically remind patients of medication and send forms for
patients to fill in their medication. The research assistant
is mainly responsible for collecting information about the
patient’s condition, and do not know their medication. At
the end of the whole research cycle, biostatisticians will
unblind and analyze the data.
Implementation {16c}

Doctors will recruit patients with ischemic stroke who
meet the inclusion criteria, and give them standardized
treatment. Research assistants invite the patients into
the patient management Wechat group and collect the
baseline information of the patients. Biostatisticians are
responsible for collecting and analyzing the uploaded
data of each center. It embodies the characteristics of real
world research in the process of implementation.
Real world research settings
Intervention measures

In order to better reflect the efficacy of butylphthalide
soft capsules in the real world, doctors will make medication plans for secondary prevention according to their
condition when they are discharged, and recommend
(rather than forcing) patients to take butylphthalide. The
researchers will not take other interventions for the secondary prevention of patients.
Data collection

The research assistants will follow up the patient at 1, 3,
6, 12 months after discharge through the Internet(such
as WeChat Mini Programs), and faithfully collect the
patient’s condition. In addition, WeChat Mini Programs
will send CRF forms to patients to obtain their medication information.
Unblinding and allocation

At the end of the study cycle, the researchers will reveal
the actual medication information of the patients, taking patients with good butylphthalide compliance as
the butylphthalide group, and patients without taking
butylphthalide and patients with poor compliance as the
control group, and compare the difference of outcomes
between the two groups.

Procedure for unblinding if needed {17b}

No blindness is allowed only in the event of serious
adverse events (SAE) or emergency rescue. When serious adverse reactions occur, the doctor in charge of the
center who knows the the exact grouping of patients
will deal with them immediately and inform research
assistant to report them in time.

Data collection and management
Plans for assessment and collection of outcomes {18a}

The patient’s baseline information will be collected by
the research assistant while in hospital. During follow-up
period, the doctor regularly makes video calls with the
patient, conducts detailed consultations with the patient,
collects the patient’s follow-up information and fills it in
the CRF form. Afterwards, all research data will be sorted
by the research assistants of each center and uploaded to
the EDC platform. The data management experts of the
research center conduct a unified review of the uploaded
data to ensure the accuracy and completeness of the data.
We will remove those centers with poor data quality,
missing follow-up information, and high dropout rates
from continuing to participate in the study.
Plans to promote participant retention and complete
follow‑up {18b}

In order to encourage the subjects to complete followup and improve their compliance, all subjects in each
center will be assigned to the patient management
Wechat group by the the doctor in charge. In Wechat
group, doctors and research assistants can record the
enrollment time of patients, make an appointment for
follow-up, and answer questions in time. In addition,
we have developed a WeChat follow-up mini program
in which patients can sign in daily and write their own
stroke diary.
Data management {19}

All data will be documented on CRF that records all
information at baseline and follow-up, and immediately
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uploaded in the database through the EDC (Electronic
Data Capture) system. The CRF includes demographic
data, living habits, medical history, follow-up data, and
adverse events. The data will be entered into the database by a designated operator and checked repeatedly by
the research center. The whole process is anonymous. In
order to protect the privacy of patients, their registration
number will be used instead of their real name when filling out the form. Dropouts and adverse events (adverse
events) will be recorded in a timely manner. In order to
ensure the high quality of the trial, members of the Quality Management Committee will train all researchers
involved in the trial in accordance with standard operating procedures before the trial starts.
Confidentiality {27}

The whole process is anonymous. In order to protect the
privacy of patients, their registration number will be used
instead of their real name when filling out the form. The
patient’s personal information (such as home address, telephone number, Wechat account and others)will be kept
strictly confidential throughout the study. All hard copy
CRF will be kept by authorized researchers only. Data
such as eCRF is stored in the dedicated Aliyun server of
Northwest University. We will minimize the number of
data processing personnel to ensure data confidentiality.
Plans for collection, laboratory evaluation and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

Not applicable.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}

The Kaplan–Meier method is used to draw the survival
analysis curve of the percentage of patients with recurrent stroke within 1 month, 3 months, 6 months and
1 year of follow-up. The LogRank method is used to
compare the statistical difference in the survival curve
between the two groups. The COX proportional regression model is used to calculate the risk ratio (hazards
ratios) and 95% CI.
The measurement data (such as NIHSS score and modified Rankin score) is expressed by x ± s, and t-test or
Wilcoxon rank sum test is used for comparison between
groups. The counting data (such as clinical efficacy and
adverse reactions of the two groups) is expressed by chisquare test or Fisher exact test. The subgroup analysis
is carried out according to sex, age, medical history and
type of stroke.Propensity score matching (PSM) is taken

Page 9 of 11

to ensure that the covariates are balanced and comparable. A two-sided P value of 0.05 or less is considered statistically significant. All the analyses are done with SPSS
software 18.0 or based on R software 3.4.3.
Interim analyses {21b}

Not applicable.
Methods for additional analyses (e.g. subgroup analyses)
{20b}

Not applicable.
Methods in analysis to handle protocol non‑adherence
and any statistical methods to handle missing data {20c}

Not applicable.
Plans to give access to the full protocol, participant
level‑data and statistical code {31c}

Not applicable.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}

The School of Medicine of Northwestern University of
China is the coordination center of this study, which is
responsible for the supervision and ethical review of the
whole research process to ensure the proper implementation of this trial. When the trial starts, the coordination
center will coordinate and monitor 78 sub-centers. The
coordinating center will track trial progress at least once
a month by networking, phone call, email or onsite monitoring. Every research assistent is responsible for coordinating and organizing the enrolment, informed consent,
and follow-up procedures at their local sites. There are no
stakeholders and public participation groups in this trial.
Composition of the data monitoring committee, its role
and reporting structure {21a}

The study will be monitored by an independent data
monitoring committee (DMC). The monitor regularly
conducts onsite monitoring and reviews the CRFs to
ensure participants’ rights and interests, compliance with
the trial protocol, source data validity, data accuracy, and
data integrity.
Adverse event reporting and harms {22}

If an adverse event occurs in a clinical trial, the committee of medical experts will determine whether it is related
to basic therapeutic drugs. The organizer will provide
treatment fees and corresponding economic compensation for the test-related damage in accordance with the
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provisions of “Drug Clinical trial quality Management
Code of China”.
Frequency and plans for auditing trial conduct {23}

An independent auditor will audit this trial, regarding
trial conduct and compliance with the protocol, standard operating procedures, good clinical practice, and the
applicable regulatory requirements.
Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

Any major amendments need to be reported to the Medical Ethics Committee of Northwestern University of
China before they can be implemented. And DMC will
be responsible for data monitoring, interim analysis,
assessment of adverse events and review of core trial procedures and documentation, discussion of any revisions
to the main study protocol, and making the final decision
to terminate the trial.

Dissemination plans {31a}
The full protocol and datasets analyses of the current
study are available from the corresponding author on
reasonable request. The primary investigators and sponsor will communicate the trial results to participants and
all the investigators involved. The trial results will be submitted to national or international conferences or peerreviewed journals with the sponsor’s permission.
Discussion
A systematic review found evidence suggesting that the
combination of NBP and conventional neuroprotective agents improves functional recovery at 90 days after
ischemic stroke compared with conventional drugs alone
[6]. And many randomized, double-blind, placebo-controlled, multicenter clinical trials also suggest that NBP
may be a safe and effective treatment for ischemic stroke
[7–10]. This trial will be exploring the efficacy and safety
of butylphthalide in secondary prevention of ischemic
stroke, in order to expand the application of butylphthalide soft capsules and provide new evidence for enriching
the secondary prevention of stroke.
In addition, this trial is a real-world trial highlighting
the practicability of the research results. We have a larger
sample size and a longer follow-up time, which can better
reduce the sampling error and more easily detect other
adverse events. This research can better represent the
target population, and its treatment methods are close
to the actual treatment [31], which can better reflect the
effectiveness of butylphthalide in the real world.
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The most important feature of this study is to use the
network platform to complete the follow-up. In previous
studies, it is difficult for patients to complete NIHSS score
or mRS score in follow-up by returning to the hospital,
resulting in a large number of dropouts and incomplete
information. In this study, researchers score the mRS and
NIHSS of the subjects by making a video call with them.
So it could eliminate the inconvenience of patients returning to hospital for follow-up. In addition, by Wechat
group, Wechat Mini Programs and other ways, we could
manage patients, remind patients of medication time,
guide patients how to use drugs, and greatly increase
patients’ compliance with medication. It is critical for the
management of medical big data in the future in China. In
the future, we may develop artificial intelligence, machine
learning and other means to standardize scoring.

Trial status
This trial is in the recruitment phase. Patient recruitment
begins in December 2020 and is expected to be completed in June 2023.
Abbreviations
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National institutes of health stroke scale; MRS: Modified Rankin Scale; ChiCTR
: Chinese Clinical Trial Registry.; SPIRIT: Standard Protocol Items; SAE: Serious
adverse events; CRF: Case report form; eCRF: Electronic case report form; EDC:
Electronic Data Capture System; AEs: Adverse events; DMC: Data monitoring
committee.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-022-02815-x.
Additional file 1: Appendix 1. The list of recruitment hospitals.
Additional file 2: Appendix 2.The informed consent form.
Acknowledgements
We thank the college of Medicine, Northwestern University of China for its
supervision and support on protocol implementation and safety control of
the trial. We also extend thanks to Xi’an International Medical Center Hospital,
Xi’an No.1 Hospital, Xi’an No.3 hospital, Xi’an Gaoxin Hospital, Shenmu Hospital
and others for their assistance and collaboration.
Authors’ contributions {31b}
Prof. GZ and Dr. ZX supervised the entire study. All authors participated in
the study design through discussion. JL wrote the manuscript. GZ, ZX and JL
designed the trial, conceived and controlled the whole process, and gave final
approval of the manuscript version to be published. JL and DZ participated
in the study design. ZX conducted the data collection and statistical analysis.
All authors adhered to the authorship guidelines for trials with no conflict of
interests. All authors read and approved the final manuscript.
Funding {4}
This trial is funded by Shijiazhuang Pharmaceutical Group Pharmaceutical Co.
Ltd.(Shijiazhuang, China), Shaanxi Provincial Natural Science Basic Research
Program (NO.2019JQ-251), Xi’an International Medical Center Hospital Hospital
Level Project (NO.2020ZD007). The funding sources had no role in designing

Lv et al. BMC Neurology

(2022) 22:305

this study and will not play any role in its execution, analyses, or interpretation
of the findings. The principal investigators in this study have no conflicts of
interest with the pharmaceutical company.
Availability of data and materials {29}
The datasets generated and analyzed during the current study are available
from the corresponding author upon request.

Declarations
Ethics approval and consent to participate {24}
This study has been reviewed and approved by the Medical Ethics Committee
of Northwestern University of China(XDLL2020042). Written, informed consent
to participate will be obtained from all participants.Informed consent form
can be found in supplementary material 2.
Consent for publication {32}
Not applicable.
Competing interests {28}
The authors declare that they have no competing interests.
Received: 24 December 2020 Accepted: 23 July 2022

References
1. National Health Commission Emergency Medical quality Control Center.
Expert consensus on emergency diagnosis and treatment of acute
ischemic stroke in China. Chin J Critical Care Med. 2018;38(04):P281-287.
2. Longde W, Jinhuan W, Bin P, et al. Summary of China Stroke Prevention
and treatment report 2016. Chin J Cerebrovascular Dis. 2017;14(4):217–24.
3. Benjamin EJ, Muntner P, Alonso A. Heart Disease and Stroke Statistics-2019 Update: A Report From the American Heart Association. Circulation. 2019;139(10):e56-e28.
4. Chen XQ, Qiu K, Liu H, Lu W. Application and prospects of butylphthalide for the treatment of neurologic diseases. Chin Med J (Engl).
2019;132(12):1467–77.
5. Cerebral blood flow and metabolism Branch of Chinese Stroke Society.
Chinese Guidelines for collateral circulation assessment and intervention
in ischemic stroke (2017). Chin J Internal Med. 2017;56(06):460–71.
6. Xu ZQ, Zhou Y, Shao BZ, Liu C, et al. A systematic review of neuroprotective efficacy and safety of DL-3-N-Butylphthalide in ischemic stroke. Am J
ChinMed. 2019;47(3):507–25.
7. Zhang C, Zhao S, Zang Y, Zhang C, et al. The efficacy and safety of
Dl-3n-butylphthalide on progressive cerebral infarction A randomized
controlled STROBE study. Medicine (Baltimore). 2017;96(30):e7257.
8. Xue LX, Zhang T, Zhao YW, Geng Z, Chen JJ, Chen H. Efficacy and safety
comparison of DL-3-n-butylphthalide and Cerebrolysin: Effects on neurological and behavioral outcomes in acute ischemic stroke. Exp Ther Med.
2016;11:2015–20.
9. Cui LY, Zhu YC, Gao S, et al. Ninety-day administration of dl-3-n-butylphthalide for acute ischemic stroke: A randomized, double-blind trial.
Chin Med J (Engl). 2013;126:3405–10.
10. Zhao H, Yun W, Zhang Q, et al. Mobilization of circulating endo-thelial
progenitor cells by dl-3-n-butylphthalide in acute ischemic stroke
patients. J Stroke Cerebrovasc Dis. 2016;25:752–60.
11. Chang Q, Wang XL. Effects of chiral 3-n-butylphthalide on apoptosis
induced by transient focal cerebral ischemia in rats. Acta Pharmacol Sin.
2003;24:796–804.
12. Liu XG, Feng YP. Protective effect of dl-3-n-butylphthalide on ischemic
neurological damage and abnormal behavior in rats subjected to focal
ischemia. Yao Xue Xue Bao. 1995;30:896–903.
13. Deng W, Feng Y. Effect of dl-3-n-butylphthalide on brain edema in rats
subjected to focal cerebral ischemia. Chin Med Sci J. 1997;12:102–6.
14. Chong ZZ, Feng YP. Dl-3-n-butylphthalide attenuates reperfusioninduced blood–brain barrier damage after focal cerebral ischemia in rats.
Zhongguo Yao Li Xue Bao. 1999;20:696–700.

Page 11 of 11

15. Zhang Y, Wang L, Li J, Wang XL. 2-(1-Hydroxypentyl)-benzoate increases
cerebral blood flow and reduces infarct volume in rats model of transient
focal cerebral ischemia. J Pharmacol Exp Ther. 2006;317:973–9.
16. Bi M, Zhang M, Guo D, Bi W, Liu B, Zou Y, Li Q. N-butylphthalide alleviates
blood–brain barrier impairment in rats exposed to carbon monoxide.
Front Pharmacol. 2016;7:394.
17. Qiang X, Li Y, Yang X, Luo L, Xu R, Zheng Y, Cao Z, Tan Z, Deng Y. DL-3-nbutylphthalide-Edaravone hybrids as novel dual inhibitors of amyloidbeta aggregation and monoamine oxidases with high antioxidant
potency for Alzheimer’s therapy. Bioorg Med Chem Lett. 2017;27:718–22.
18. Liu CL, Liao SJ, Zeng JS, Lin JW, Li CX, Xie LC, et al. dl-3n-butylphthalide
prevents stroke via improvement of cerebral microvessels in RHRSP. J
Neurol Sci. 2007;260:106–13. https://doi.org/10.1016/j.jns.2007.04.025.
19. Xu J, Wang Y, Li N, Xu L, Yang H, Yang Z. L-3-n-butylphthalide improves
cognitive deficits in rats with chronic cerebral ischemia. Neuropharmacology. 2012;62:2424–9. https://doi.org/10.1016/j.neuropharm.2012.02.
014.
20. Wang S, Ma F, Huang L, Peng Y, et al. Dl-3-n-Butylphthalide (NBP): a
promising therapeutic agent for ischemic stroke. CNS Neurol Disord Drug
Targets. 2018;17(5):338–47.
21. Wang XL, Wang ZY, Ling JJ, Zhang YH, Yin J. Synthesis and biological
evaluation of nitric oxide (NO)-hydrogen sulfide (H2S) releasing derivatives of (S)-3-nbutylphthalide as potential antiplatelet agents. Chin J Nat
Med. 2016;14:946–53. https://doi.org/10.1016/S1875-5364(17)30021-3.
22. Chen M, Liu Q, Tan M, Wen S, Pi R, Lin D. Synthesis and biological evaluation of n-butylphthalide derivatives as anti-platelet aggregation agents.
Nat Prod Res. 2016;30:2716–9. https://doi.org/10.1080/14786419.2015.
1136907.
23. Liao SJ, Lin JW, Pei Z, Liu CL, Zeng JS, Huang RX. Enhanced angiogenesis
with dl-3n-butylphthalide treatment after focal cerebral ischemia in
RHRSP. Brain Res. 2009;1289:69–78. https://doi.org/10.1016/j.brainres.
2009.06.018.
24. Zhao H, Yun W, Zhang Q, Cai X, Li X, Hui G, et al. Mobilization of circulating
endothelial progenitor cells by dl-3-n-butylphthalide in acute ischemic
stroke patients. J Stroke Cerebrovasc Dis. 2016;25:752–60. https://doi.org/
10.1016/j.jstrokecerebrovasdis.2015.11.018.
25. Sheng X, Hua K, Yang C, Wang X, Ji H, Xu J, Huang Z, Zhang Y. Novel
hybrids of 3-nbutylphthalide and edaravone: design, synthesis and evaluations as potential anti-ischemic stroke agents. Bioorg Med Chem Lett.
2015;25:3535–40.
26. Liying C, Shunwei Li. Dl-3-n-butylphthalide in the treatment of acute
ischemic stroke: a randomized double-blind controlled study. Chin J
Modern Neurological Dis. 2006;6(4):3.
27. Zhao H, Yun W, Zhang Q, Cai X, Li X, Hui G, et al. Mobilization of circulating
endothelial progenitor cells by dl-3-n-butylphthalide in acute ischemic
stroke patients. J Stroke Cerebrovasc Dis. 2016;25:752.
28. Peng B, Wu B. Chinese guideline for diagnosis and treatment of acute
ischemic stroke 2018. Chin J Neurol. 2016;09:666–82.
29. Kidwell CS, Warach S. Acute ischemic cerebrovascular syndrome diagnostic criteria. Stroke. 2004;34(12):2995–8.
30. Handschu R, Garling A, Heuschmann PU, Kolominsky-Rabas PL, Erbguth
F, Neundörfer B. Acute stroke management in the local general hospital.
Stroke. 2001;32:866–70. https://doi.org/10.1161/01.str.32.4.866.
31. National Medical Products Administration: Circular of the State Drug
Administration on guidelines for the publication of realworld evidence in
support of drug development and review (for trial implementation) (No.1
of 2020) http://www.nmpa.gov.cn/WS04/CL2138/373175.html. Accessed
3 Jan 2020.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

