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ABSTRACT
Introduction Unstable angina (UA), referred to as acute
coronary syndrome (ACS), causes unexpected chest pain.
Xueshuantong injection (lyophilised) (XST) is a traditional
Chinese herbal injection having the potential to treat ACS.
However, no clinical trial has been performed in this field.
This clinical trial aims to examine the efficacy and safety
of XST.
Methods and analysis This is a randomised, parallel-
arm, controlled, double-blind and multicentre clinical trial.
A total of 1200 participants with UA will be enrolled in a
1:1 ratio, with 600 patients included in the XST treatment
group and 600 with 1/20th dose in the control group. The
efficacy assessment and major adverse cardiovascular
events will be observed, and the frequency of angina
attack, angina pectoris will be examined at the start
and end of the run-in period. All adverse events will be
recorded, regardless of the severity, to assess the safety
of XST. The baseline characteristics of patients will be
summarised and compared using the t test or non-
parametric statistical test. Qualitative data will be analysed
using the χ2 or Fisher exact tests, Cochran–Mantel–
Hasenszel test and Wilcoxon test.
Ethics and dissemination This trial has been approved
by the Research Ethics Committee of The First Affiliated
Hospital of Guangzhou University of Chinese Medicine,
China (approval number: ZYYEC [2017] 0021). Written
informed consent will be obtained from all participants.
The results of this trial will be disseminated to the public
through academic conferences and peer-reviewed
journals.
Trial registration This study was registered on the
Chinese Clinical Trial Registry (http://www.chictr.org.cn/)
with the ID ChiCTR1800015911.

Strengths and limitations of this study
►► This is a randomised, parallel-
arm, controlled,

double-blind and multicentre clinical trial.
►► The trial will be conducted in 17 medical centres

with 1200 participants.
►► In our study, to better implement the blind method,

the extremely low dose 25 mg is used as the control
group.
►► The efficacy assessment and major adverse cardiovascular events will be observed, and the frequency
of angina attack, angina pectorals will be examined
at the start and end of the run-in period.
►► Our experiments will be conducted in different regions of China, and whether similar effects are
available to other ethnic groups and regions remains
uncertain.

INTRODUCTION
Unstable angina (UA), referred to as acute
coronary syndrome (ACS), causes unexpected chest pain. Reduced blood flow to the
heart muscle is the most common cause of UA
because the coronary arteries are narrowed
by atherosclerosis, leading to the rupture of
coronary blood vessels and hence blood clotting which blocks the flow of blood to the
heart muscle. The risk factors for UA include
diabetes, obesity, family history of heart
disease, high blood pressure, high low-density
lipoprotein cholesterol, low high-density lipoprotein cholesterol, male sex and use of any
form of tobacco.1 2 With the wide application
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of percutaneous coronary intervention (PCI) in patients
with ACS, current guidelines recommend potent platelet
inhibition with prasugrel or ticagrelor for 12 months
after ACS management with PCI. However, the greatest
anti-ischaemic benefit of potent antiplatelet drugs over
the less-potent clopidogrel occurs early, while most excess
bleeding events occur during chronic treatment. It is
related to the efforts of physicians to reduce the adverse
incidence of cardiovascular events, promote the patient’s
early recovery and improve their health-related quality of
life.
Xueshuantong injection (lyophilised) (XST) is a traditional Chinese herbal injection comprising a series of
saponins extracted from Panax notoginseng. It has been
approved by the China Food and Drug Administration
(China drug approval number: Z 20025652) and collected
according to the ‘2012 national essential drugs list’ and
People’s Republic of China Pharmacopoeia, respectively.
It has been reported to have anti-inflammatory effects
that correct endothelial dysfunction in vivo3 and in vitro.4
Clinically, as a common medicine in China’s Grade-
A
Tertiary Hospital, XST has been reported to be beneficial
in treating ACS.5 6 In preliminary studies, including small
samples, XST has been found to platelet aggregation inhibition, antimyocardial ischaemia, anti-inflammation and
antioxidation, protecting endothelial cells (ECs), which
could reduce the incidence of major adverse cardiovascular events (MACE).7 A recent study found that XST
inhibits platelet activation and suppresses leucocytes
adhesion to injured ECs under controlled shear stress in
vitro which not only dose-dependent and showed stronger
anti-
platelet activation and adhesion effect under low
shear stress.7 XST also played an effect in fighting against
thrombosis induced by k-carrageenan in rats. High dose
could significantly increase the microcirculatory blood
flow perfusion of the tail and significantly inhibit platelet
aggregation rate.8 Besides, XST could significantly inhibit
platelet piezo1 protein expression which may improve
blood flow and antithrombotic. The meta-
analysis
reported that XST combined with routine basic treatment
(RBT) can alleviate UA pectorals, especially for frequency
relief of angina, frequency reduction of nitroglycerin
and the effective rate is more than 80%. It can significantly reduce blood high-
sensitivity C-
reactive protein,
fibrinogen concentration.9 As the primary component,10
Panax notoginseng has been extensively verified that it
can ameliorate ischaemia-reperfusion-induced injury in
cardiovascular and neuronal systems mainly by upregulating the activity of oestrogen receptorα-dependent phosphoinositide 3-kinase/protein kinase B and nuclear factor
erythroid-2-related factor 2 pathways and downregulating
nuclear factor-κB and mitogen-activated protein kinase
pathways. Therefore, high-quality trials and evidence are
needed to prove the efficacy of XST. This randomised,
parallel, controlled, double-
blind and multicentre clinical trial aims to examine the efficacy and safety of XST
in patients with UA. The results of this trial may provide
clinical evidence for treating patients with UA.
2

METHOD AND DESIGN
Study design
This randomised, parallel-
arm, controlled, double-
blind
and multicentre clinical trial will be conducted in 17
medical centres in China: The First Affiliated Hospital of
Guangzhou University of Chinese Medicine, The First Affiliated Hospital of Henan University of Chinese Medicine,
Luoyang No. 1 Hospital of Traditional Chinese Medicine,
Shanxi Fenyang Hospital, The First Affiliated Hospital of
Henan University of Science and Technology, Zhengzhou
People’s Hospital, Zhengzhou Central Hospital, Ruikang
Hospital Affiliated to Guangxi University of Traditional
Chinese Medicine, Nanjing Hospital of Chinese Medicine, Shuguang Hospital Affiliated to Shanghai University of Chinese Medicine, Changsha Fourth Hospital, The
First Affiliated Hospital of Hunan University of Traditional
Chinese Medicine, The Second Affiliated Hospital of
Heilongjiang University of Traditional Chinese Medicine,
The Second Affiliated Hospital of Tianjin University of
Traditional Chinese Medicine, Affiliated Hospital of Tianjin
Academy of Chinese Medicine, Tianjin Beichen District
Hospital of Traditional Chinese Medicine and Wenzhou
Hospital of Traditional Chinese Medicine. A total of 1200
patients with UA who met the selection will be enrolled in
a 1:1 ratio, with 600 patients included in the XST treatment
group (high-dose, 500 mg) and 600 in the control group
(extremely low dose, 25 mg).
All the visits will be recorded in electronic case
report forms through the Electronic Data Capture
system, which is accessed online via the Internet for
data collection and management. The protocol for this
study was developed in accordance with the standard
protocol project: Interventional Trial Recommendations guidelines.11
Patient and public involvement
This clinical trial was designed to evaluate the efficacy and
safety of high-dose XST in patients with UA. Clinically, XST
has been found to be beneficial in treating ACS, which had
been widely used in China’s Grade-
A Tertiary Hospital.
More high-quality trials and evidence are needed to prove
the efficacy of XST. The outcome measures used in this
trial were considered as important endpoints in clinical
practice. The participants in this trial will be recruited from
17 medical centres in China. However, patients were not
directly involved in the design, recruitment or conduct of
the study. After the trial completes, the results of this study
will be disseminated to the public through academic conferences and peer-reviewed journals. Once the manuscript is
published, the results will be briefly summarised in a simple
language and inform all trial participants through the telephone. The burden of intervention will not be assessed by
the trial participants.
Study population
Patients will be included after written informed consent
and enrolled in the study when the inclusion and exclusion criteria are met (table 1).
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Table 1 Inclusion and exclusion criteria
Exclusion criteria
►► Patients who meet all the following requirements. ►► Patients with cardiac function class IV (New York Heart Association
cardiac function grading); or patients at a high risk of unstable angina
►► Patients diagnosed with coronary heart disease

who met at least one of the following diagnostic
criteria1: (1) a clear history of myocardial
infarction; (2) prior coronary revascularisation; (3)
coronary angiography or coronary angiography
suggesting at least one coronary artery stenosis
with catheter stenosis ≥50%; (4) cardiac MRI
or radionuclide myocardial perfusion imaging
to confirm myocardial ischaemia in the patient
having coronary heart disease.
►► Patients complying with the diagnosis of UA and
having at least one of the following conditions19:
(1) ECG with a transient or persistent ST-segment
depression of 0.1 mV and even more on one
or more leads20; (2) thrombolysis in myocardial
infarction risk score ≥3.21
►► Patients receiving dual antiplatelet therapy
(aspirin+clopidogrel).
►► Patients aged 40–75 years, irrespective of sex.
►► Patients willing to accept the drug treatment and
provide written informed consent, conforming to
the relevant regulations of good clinical practice.

short-term risk stratification.

►► Patients with uncontrolled grade III hypertension having systolic

blood pressure ≥180 mm Hg and/or diastolic blood pressure ≥110 mm
Hg; severe cardiopulmonary insufficiency; severe arrhythmia; severe
primary diseases of the liver, kidney and haematopoietic system; or
serious diseases (such as tumours) and mental diseases.
►► Patients also having other clinical conditions that might increase
the risk of bleeding, such as a history of important organ bleeding
in the last 6 months (such as intracerebral haemorrhage and upper
gastrointestinal bleeding), decreased platelet count, abnormal
coagulation function and recent active bleeding.
►► Patients with abnormal function indexes of the liver and kidney(blood
alanine aminotransferase and aspartate aminotransferase level more
than two times the upper normal reference range; glomerular filtration
rate (GFR) <60 mL/(min ×1.73 m²)).
►► Simplified modification of diet in renal disease formula: GFR (mL/(min
×1.73 m²))= 186.3 × serum creatinine (Scr)–1.154 × (age) –0.203 × (0.742
female); Scr in mg/dL and age in years.
►► Patients who planned to undergo revascularisation (PCI or coronary
artery bypass grafting) recently.
►► Patients allergic to a variety of foods, or with known allergy to study
drugs, including their components.
►► Patients pregnant, preparing for pregnancy or lactating.
►► Patients participating in other clinical trials during the same period.
►► Patients considered inappropriate to participate in this study.

PCI, percutaneous coronary intervention.

Withdrawal criteria
1. Patients with some comorbidities, complications or
special physiological changes during the trial.
2. Patients with poor compliance in the trial; the use of
the drug not reaching 80% (except for those recovered in advance) or exceeding 120% of the prescribed
amount.
3. Patients with blindness or emergency unblinding
during the trial.
4. Patients with serious adverse events (AEs) and those
not appropriate to continue the test.
5. Patients failing to use the test drug.
6. Patients misdiagnosed or not matching the inclusion
criteria and accidentally included.
7. Patients with no follow-up records.
8. Patients failing to comply with the treatment during
the trial, changing medicines or adding non specified therapeutic medications by themselves, especially
those medications that may affect the evaluation of the
test drug, affecting the validity and safety.
Study setting and recruitment
Between December 2018 and December 2020, 1200
outpatients or inpatient will be recruited at 17 centres
mentioned earlier through the official website of the
hospitals, posters and networks. Physicians will diagnose
Long W, et al. BMJ Open 2020;10:e038074. doi:10.1136/bmjopen-2020-038074

the participants, and the research assistants will manage
the recruitment.
Randomisation
On the day of enrolment, statistical analysis system software will be used to generate the random arrangement
of 1200 people in two groups (XST and placebo groups)
with the method of central stratified regional group
randomisation. The randomisation numbers will be kept
in opaque sealed envelopes. Physicians and patients will
not be aware of the grouping and intervention.
Blinding
This study has a double-blind design. Because XST was
lyophilised powder form in this study, which was a kind
of white or light yellow amorphous powder or loose solid,
and was dissolved with an appropriate amount of injection sodium chloride injection before use, there were
colour changes and a small amount of powder precipitation. Therefore, in order to better implement the blind
method, an extremely low dose (25 mg) was used as the
control group, which is invalid for UA from our previous
pharmacokinetic experiment, did not increase the efficacy of the experimental group.
The number of cases in the study and control group
will be in the ratio of 1:1. The blinding work will be
3
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completed by statisticians. To ensure the blinding of
investigators and participants to study treatment, the
study drug or placebo will be provided in identical packaging and labelling. Due to some natural variability in the
colour of the study drug, which is batch dependent, the
colour of the placebo will match the same as the average
colour of the study drug. Study drug and placebo will
label with a unique label letter that will be used to assign
treatment to the patient but will not indicate treatment
allocation to investigators or participants. No member of
the study team and their extended staff, except for pharmacists and biostatisticians, will have access to the randomisation scheme during the conduct of the study. In the
event of a medical emergency, where breaking the blind
is required to provide medical care to the participant, the
investigator will obtain the treatment assignment from
the trial pharmacists.
Sample size calculation
MACE will be used as the effective index according to the
statistical requirements of the optimal validity test design.
Based on the expert advice combined with clinical
practical considerations and according to the loss rate
of less than 20% estimated beforehand, the study sample
was 1200 cases (600 cases in each group), assuming that
the incidence of MACE was 12% after dual antiplatelet
therapy for 6 months which was reduced by 6% after
lyophilisation (alpha=0.05; power=0.9).
Interventions
All participants will receive dual antiplatelet therapy
(aspirin 100 mg/d+clopidogrel 75 mg/d) and anticoagulation therapy (unfractionated heparin) according
to the 2014 American College of Cardiology/American
Heart Association Guidelines for the Diagnosis and TreatST-
Segment Acute Coronary Syndrome,
ment of Non-
and in accordance with the guidelines to accept statins,
angiotensin-converting enzyme inhibitors, beta-blockers
and nitrates. Patients with mild UA will undergo a standardised baseline assessment before the treatment,
including detailed medical history, physical examination
and laboratory testing. Meanwhile, the following treatments will be given to different groups:
1. XST treatment group: The patients will be treated via
an intravenous drip with 500 mg XST (lyophilised) diluted with 250–500 mL of 5% glucose injection or sodium chloride injection, once per day for 7–14 days.
2. Control group: The patients will be treated via an intravenous drip with 25 mg XST (lyophilised) diluted
with 250–500 mL of 5% glucose injection or sodium
chloride injection, once per day for 7–14 days.
The experimental drugs will be distributed by a drug
administrator and injected by trained nurses.
Patients will be admitted to the hospital on the day of
registration for the first intervention, and patients who
discharge will move directly to the follow-up period. The
efficacy and safety of XST will be assessed after treatment
4

Figure 1 Flow chart of the study procedure. XST,
Xueshuantong injection.

for 7–14 days and follow-up for 1, 3 and 6 months (figure 1
and table 2).
Outcome measurements
Primary outcomes
The primary endpoints will include the incidence of the
composite endpoints for MACE which is a commonly
used indicator to evaluate the prognosis of patients
with coronary heart disease or UA,12 including cardiovascular death, non-
fatal myocardial infarction and
revascularisation.
The primary endpoint is the time of enrolment to the
end of the study (including the medication observation
period and follow-up period) when any of the MACE
events occur for the first time. The researchers will record
through telephone interviews, in-patient and outpatient
medical records of patients, and information provided
by their family members. Patients without MACE during
the study will be defined as censored at the end of the
study. For patients who quit the trial early due to reasons
other than MACE, the time of occurrence is defined as
censoring at the time of early termination. Death not due
to cardiovascular diseases or that occurs after the MACE
will not be evaluated.
Secondary outcomes
The efficacy of angina pectorals will be observed at the
time of enrolment and by the end of treatment, including
the frequency of angina attack, the clinical manifestations, ECG and laboratory examination.
Myocardial injury markers (serum creatine kinase
MB; cardiac troponin T/cardiac troponin I (cTnI)/
high-sensitivity troponin I) will be monitored, to observe
Long W, et al. BMJ Open 2020;10:e038074. doi:10.1136/bmjopen-2020-038074
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Table 2 Study schedule of assessments
Study period
Enrolment

Allocation

Intervention

Follow-up

Time point
ENROLMENT:

−3~0 days
X

0
 

7~14 days
 

1, 3 and 6 months
 

Eligibility screen

X

 

 

 

Informed consent

X

 

 

 

Allocation

 

X

 

 

INTERVENTIONS:

 

 

 

 

XST treatment

 

 

X

 

Placebo treatment

 

 

X

 

ASSESSMENTS:

 

 

 

 

MACE

 

 

X

X

CK-MB

 

X

X

 

cTnT

 

X

X

 

cTnI

 

X

X

 

hsTnI
Adverse events

 
 

X
 

X
X

 
X

CK-MB, creatine kinase MB; cTnI, cardiac troponin I; cTnT, cardiac troponin T; hsTnI, high-sensitivity troponin I; MACE, major adverse cardiac
events; UA, unstable angina; XST, Xueshuantong injection.

changes in myocardial injury during treatment and to
assess the efficacy and safety during treatment.
Safety assessment
An AE is any adverse medical event that occurs during the
trial. The researchers will record the observation of vital
signs, testing of blood and urine samples, renal and liver
function at the start and end of the run-in period, and
recorded abnormal changes and AEs at any time.
In view of the particularity of the disease, the condition
of the participants may change significantly during the
observation, including the need for hospitalisation for
the deterioration of the disease, or even life-threatening.
Since cardiovascular death, non-fatal myocardial infarction and revascularisation were the endpoints of this study,
the above events would not be reported as serious AEs
(and described in the study history). Known adverse reaction of the XST: systemic injury: fever, chills, anaphylactic
reaction, anaphylactic shock and so on; respiratory system
damage: chest tightness, breathing difficulties, shortness
of breath, asthma, laryngeal oedema and so on; skin and
its appendages damage: rash, pruritus and exfoliative
dermatitis; heart rate and arrhythmia: palpitations, tachycardia and so on; central and peripheral nervous system
damage: dizziness, headache, convulsions, tremor and so
on; gastrointestinal system damage: nausea, vomiting and
so on; cardiovascular system damage: cyanosis, flushing,
decreased blood pressure, elevated blood pressure and
so on; other damage: blood in the urine, abnormal liver
function and so on.
Long W, et al. BMJ Open 2020;10:e038074. doi:10.1136/bmjopen-2020-038074

Patients will be required to report all AEs at each visit.
All AEs will be recorded, regardless of the severity, to
assess the safety of XST.
If an AE occurs, the researchers will have to determine
whether to stop the observation and proceed with the
diagnosis and corresponding treatment. If any severe AE
occurs, the researchers must take immediate action to
ensure the safety of the participants. They must also report
to the ethics committee within 24 hours. The responsible
staff from The First Affiliated Hospital of Guangzhou
University of Chinese Medicine must promptly notify
other participating centres and initiate any necessary
legal procedures.
Follow-Up
All included participants will be evaluated for the
occurrence of MACE after 1, 3 and 6 months through
phone calls after the end of the medication. The trial
will be ended if the following endpoints occur: death,
non-
fatal myocardial infarction or revascularisation
(including PCI and coronary artery bypass grafting).
The academic research on haemorrhage in Europe and
the USA proposed a unified definition of haemorrhage
type 3–5.
The occurrence of the MACE must be recorded in
an original supporting document, including but not
limited to a copy of the discharge summary, a copy of
the medical record or other documents that can be used
to verify the occurrence of the MACE and the date of its
occurrence.
5
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Statistical analysis
Enrolment and case completion
The completion of the trial at each centre must be
recorded and described. All cases of shedding must be
listed.
Baseline comparability analysis
The baseline characteristics of patients will be summarised
and compared using the t test or non-parametric statistical test. Qualitative data will be analysed using the χ2
or Fisher exact tests, Cochran–Mantel–Hasenszel (CMH)
test and Wilcoxon test.
Analysis of efficacy
1. Baseline comparability analysis: This includes the description of demographic data, symptoms, and general conditions. The t test or non-parametric statistical
method will be used for quantitative data. Qualitative
data will be determined using the χ2 test, Fisher's exact
probability method, CMH test and Wilcoxon rank-sum
test.
2. Primary and secondary outcomes: The incidence of
the composite endpoints for MACE and the efficacy
of angina pectorals will be compared between the two
groups and analysed using the χ2 or Fisher exact tests
and two-sample t tests or Wilcoxon rank-sum test. The
laboratory data on myocardial injury markers will be
analysed for the changes before and after the intervention. The average value of each laboratory data after
the treatment will be compared.
3. For cases of rejection and shedding, statistical descriptions will be performed one by one. Adverse reactions
will be statistically described. The incidence of adverse
reactions will be compared using the χ2 or Fisher exact
tests.
DISCUSSION
XST is a traditional Chinese herbal injection consisting of
a series of saponins extracted from Panax notoginseng. It
has been approved by the China Food and Drug Administration (China drug approval number: Z 20025652)
and collected according to the ‘2012 national essential
drugs list’ and the People’s Republic of China Pharmacopoeia, respectively. Total saponins, isolated from the root and
rhizome of P. notoginseng, are the main components of XST.
P. notoginseng is known for promoting blood circulation, preventing thrombosis and dilating blood vessels.
It is widely applied to treat acute cerebral infarction,
stroke and coronary heart disease in clinical practice.13 14
Wang et al15 found that in a rat model of middle cerebral arteryocclusion-reperfusion, administration of XST
combined with salvianolate lyophilised injection not only
significantly decreased neurological deficit scores and
infarct volumes,and increased regional cerebral blood
flow. Gan et al16 evaluated the efficacy and safety of the P.
notoginseng extract via intracoronary injection for treating
the post-PCI slow-reflow phenomenon in patients with
ST-
segment elevation myocardial infarction and its
6

impact on patients' prognosis. They found that coronary
injection with tirofiban and XST was more effective in
improving coronary blood flow and showed no increase in
the incidence of haemorrhagic complications compared
with the injection with tirofiban only. P. notoginseng has
been found to be beneficial in patients with UA. The use
of the extract has been recommended for patients with
UA in clinical practice as a complementary and alternative therapy.17 However, more randomised controlled
trials with reliable designs, large samples and long-term
observations are needed for further evaluations.
The meta-analysis of XST injection combined with RBT
was superior to RBT alone in alleviating clinical symptoms, with statistically significant differences between the
groups. XST injection combined with RBT could alleviate UA pectorals. However, due to the low quality of the
included studies, further well-designed, multicentre and
large-scale RCTs are still needed to evaluate the efficacy
of XST injection.18 Moreover, the total revenue from XST
in the Chinese market in 2013 was over $700 million.15
Therefore, enormous consumption requires stricter and
accurate evidence on its safety. However, many reports
of XST were case reports, and hence large-sample and
high-level evidence for the efficacy and safety of XST is
still lacking. Therefore, this study will be conducted to
investigate the efficacy and safety of XST in reducing the
incidence of MACE in patients with UA. The findings of
this study will provide clinical evidence for the use of XST
in reducing the incidence of MACE in patients with UA.
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