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Background: Peri-procedural myocardial injury (PMI) during percutaneous coronary intervention 
(PCI) will result in an unfavorable clinical prognosis in patients, thus urgently necessitating effective drug 
treatment measures. Shen-Yuan-Dan (SYD) capsules are a traditional Chinese medicine (TCM) preparation 
that have been found to have potential myocardial protection effects during the peri-procedural phase of 
PCI in previous clinical and basic research; however, there is a lack of rigorous, randomized, and controlled 
studies. The aim of this study is to evaluate the efficacy and safety of SYD in decreasing PMI.
Methods: This is a randomized, double-blind, placebo-controlled clinical trial. A total of 284 patients 
with unstable angina will be randomized into test and control groups. The two groups will be given SYD 
or a placebo (three times each day, four capsules each time) 3 days before PCI on the basis of conventional 
treatment. Twelve hours before PCI, an additional 4 capsules will be given, and drug treatment is planned to be 
maintained for 1 month after surgery. Dynamic changes in the myocardial enzyme in four time-points (before 
PCI, and 4, 24, 48 hours after PCI) in both groups of patients that will be observed. The follow-up period 
will be 1 month. The primary observation markers are planned to evaluate the efficacy and safety of SYD 
in decreasing PMI. The secondary observation markers will be to evaluate the major adverse cardiovascular 
events (MACEs) status at day 30 after PCI, (all-cause mortality, non-fatal myocardial infarction, repeated 
revascularization of target blood vessel) and Seattle Angina Questionnaire scores. GRACE scores will be 
used for risk stratification, and the intervention efficacy of SYD on PMI patients with different risks will be 
retrospectively evaluated.
Discussion: This study will provide a rigorous clinical evidence to evaluate the efficacy and safety of SYD 
in decreasing PMI and the results are worth anticipating.
Trial registration: The design of this trial has been registered with the Chinese Clinical Trial Registry (No. 
ChiCTR-IPR-17011069).
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Introduction

With the widespread use of percutaneous coronary 
intervention (PCI) in the treatment of coronary heart 
disease, peri-procedure myocardial injury (PMI) has 
attracted more and more attention. According to the Third 
Universal Definition of Myocardial Infarction released by 
ESC/ACCF/AHA/WHF in 2012, PMI was defined as an 
increase in myocardial biomarkers after PCI (1). Studies 
have shown that the incidence of PMI was 15.8-30%, 
and its severity is closely associated with the incidence 
of major adverse cardiovascular events (MACEs) (2-4). 
Besides conventional anti-platelet, anticoagulant, and other 
treatments, the use of loading doses of statins before PCI 
is currently considered to be an important therapeutic 
measure for decreasing PMI (5-8). However, there is still a 
controversy concerning whether this method is effective in 
Asian populations (9). In the China percutaneous coronary 
intervention guidelines [2016], statin loading before PCI 
is not recommended (10). Therefore, whether treatment 
drugs for myocardial protection during the peri-procedural 
phase of PCI could be discovered from traditional 
medicine, has become a focus for research (particularly in  
China) (11-13).

Shen-Yuan-Dan (SYD) is a herbal preparation that 
comprises Astragalus membranaceus, Salvia miltiorrhiza, 
Codonopsispilosula, Scrophularia ningpoensis, Corydalis 
ambigua, Hirudo nipponica, Eupolyphaga sinensis, and 
Pheretima (Table 1). Studies have shown that SYD cannot 
only improve the clinical symptoms of patients with 
unstable angina, but can also elicit a myocardial protection 
effect, through endothelial protection, anti-oxidative stress, 
and other mechanisms (14-17).

Previously, we performed a basic study using Chinese 
miniature pigs to establish a PMI model by carrying 
out a balloon dilation, strain, and stent implantation in 
a coronary stenosis, in the pigs. The study showed that 
SYD could reduce PMI, and this effect seemed to be 
more significant in the high-dose group when compared 
with the low-dose group (18). Based on the results of the 
above study, we recently carried out a small-sample clinical 
trial to evaluate whether SYD could decrease PMI. The 
preliminary experiment results showed that SYD has 
potential for myocardial protection during the PCI peri-
procedural phase. However, further evaluation on the basis 
of a reasonable sample size is still required. Therefore, 
this study will aim to combine the research foundation 
of the preliminary experiments to carry out a rigorous, 

randomized, controlled trial for further evaluation of the 
efficacy and safety of SYD in decreasing PMI.

Methods and design

Experimental design

This is a randomized, double-blind, placebo-controlled 
clinical trial (Figure 1). This study will be carried out at the 
Beijing Hospital of Traditional Chinese Medicine, affiliated 
with the Capital Medical University. A total of 284 patients 
with unstable angina and, who fulfill the inclusion criteria, 
will be randomized into test and control groups. The two 
groups will be either given SYD or a placebo (three times 
each day, four capsules each time) 3 days before PCI on 
the basis of conventional treatment. Twelve hours before 
PCI, 4 additional capsules will be given, and drug treatment 
will be maintained for 1 month after surgery. Dynamic 
changes in the myocardial enzyme in four time-points 
(before PCI, and 4, 24, 48 hours after PCI) in both groups 
of patients will be observed. The follow-up period will be  
1 month. For evaluation of the efficacy and safety of SYD in 
decreasing PMI, the primary therapeutic outcome markers 
will be determined by the incidence of PMI in both groups 
as indicated by an increase of more than twice the normal 
upper limit in troponin T (TnT) within 48 hours after PCI. 
The secondary observation markers will be the MACEs 
status evaluations at day 30 after PCI (all-cause mortality, 
non-fatal myocardial infarction, repeated revascularization 
of target blood vessel) and Seattle Angina Questionnaire 
scores. GRACE scores will be used for risk stratification, 
and the intervention efficacy of SYD on PMI patients with 
different risks will be retrospectively evaluated. Safety 
outcome markers include severe kidney impairment and 
severe clinical discomfort. This study strictly will conform 
to the Declaration of Helsinki and the guiding principles for 
clinical trials. The ethical consent form will be approved by 
the ethics committee of the Beijing Hospital of Traditional 
Chinese Medicine affiliated to the Capital Medical 
University.

Participation and recruitment

Inclusion criteria
The inclusion criteria of this study include the following 
patient parameters: (I) age 18–85 years; (II) fulfilling the 
diagnosis criteria for unstable angina; (III) agreeing to 
undergo an elective coronary angiography and coronary 
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intervention treatment; (IV) voluntarily signing of the 
informed consent form. 

Exclusion criteria
Exclusion criteria include: patients with acute myocardial 
infarction (ST-segment elevation or non ST-segment 
elevation), or typical stable effort angina; patients 
warranting emergency coronary angiography; patients with 
other factors influencing measurement of cTnI levels, (such 
as myocarditis or cardiomyopathy) left ventricular ejection 
fraction <30%; patients with serious liver incompetence 
including aspartate aminotransferase (AST)/alanine 
aminotransferase (ALT) level > two times upper limit 
of normal (ULN); patients with renal failure including 
creatinine >3 mg/dL; patients with any known malignant 
tumor; female patients who are pregnant, lactating, or 
planning a pregnancy during the course of the study; 
patients with a history of intolerance or hypersensitivity 
to SYD, or previous or current treatment with SYD or 
another traditional Chinese medicine (TCM) prescription; 
patients using medications for which co-administration with 
clopidogrel, aspirin, nitrates, or statins are contraindicated; 
and patients with participation in any other studies 
involving investigational or marketed products within  
1 month prior to entry in the study.

Withdrawal criteria
Patients who are found not to fulfill the diagnostic criteria 
for unstable angina after inclusion or who are mistakenly 
included due to coronary intervention imaging criteria will 
be withdrawn from this study.

Dropout criteria
Patients who are unable to be followed-up with during the 
follow-up period will be considered dropped out criteria out 
of the study.

Termination criteria
The termination criteria will include: (I) severe liver and 
kidney impairment after inclusion (ALT or AST more 
than twice the upper limit of normal, Cr >3 mg/dL or  
265.2 μmol/L); (II) confirmed study drug-induced severe 
clinical discomfort (such as severe nausea and vomiting, 
severe bleeding, etc.); (III) severe drug allergy.

The inclusion, exclusion, termination, or withdrawal of 
patient participation require the simultaneous decision of at 
least two doctors with intermediate job titles.

Randomization and grouping

Patients who fulfill the criteria will be randomized into 
SYD and placebo groups. Randomized numbers will be 
generated by independent statisticians using SPSS 15.0 (PN: 
32119001, SN: 5045602). Then, the randomized numbers 
will be ranked in order, and patients will be divided into two 
groups according to the corresponding odd/even numbers 
of the randomized numbers. The randomized numbers, 
rank sequence, and grouping, will be all stored in opaque 
envelopes that are kept by the designer and statisticians 
during the entire study process. All envelopes will be given a 
running serial number, and each include patient will receive 
an envelope. The physician will allocate the patient to the 
SYD or the placebo group according to the contents in the 

Table 1 Overview of SYD decoction

Chinese name Common name Latin name Amount (%)

Huangqi Radix astragali Astragalus membranaceus 20.10

Danshen Root of red-rooted salvia Salvia miltiorrhiza 20.10

Dangshen Root of hairy asiabell Codonopsispilosula 20.10

Xuanshen Figwort Scrophularia ningpoensis 20.10

Yanhusuo Rhizoma corydalis Corydalis ambigua 6.70

Shuizhi Leech Hirudo nipponica 2.10

Tubie Ground beetle Eupolyphaga sinensis 4.10

Dilong Earthworm Pheretima 6.70

SYD, Shen-Yuan-Dan.
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envelope.

Blinding method

Double-blinding of the physicians and included patients 
will be used in this study. In order to implement blinding, 
SYP and the placebo will be placed in a capsule with 
similar packaging, size, color, and taste. During the study, 
if patients experience severe adverse events, the physician 
will be expected to execute an emergency unblinding, and 
perform relevant treatment according to the situation. After 
the study concludes, the statisticians will carry out the first 

unblinding, and conduct statistical analysis based on data 
from the two groups. After data analysis, the designer will 
carry out the second unblinding to confirm which group is 
the SYD or placebo group. Staff in charge of collection of 
the outcome data and outcome evaluation, will all be third-
party staff who did not participate in the design or patient 
recruitment of this study.

Intervention method

After grouping, patients will undergo basic drug treatment, 
according to the 2016 diagnosis and treatment guidelines 

Patients who satisfied inclusion criteria

Signed the informed consent form

Randomization into groups

Percutaneous coronary intervention treatment

Dynamic monitoring of myocardial 

enzyme levels

Retrospective evaluation of the efficacy of 

SYD on PMI incidence in different patient 

subpopulations based on GRACE scores

Conventional treatment

+

Oral SYD 3 days before PCI

Four capsules each time, three times a day

30-day post-procedure 

major adverse 

cardiovascular events

Efficacy and safety of SYD 

in decreasing PMI

30-day post-procedure 

Seattle Angina 

Questionnaire scores

Conventional treatment

+

Oral placebo 3 days before PCI

Four capsules each time, three times a day

Figure 1 Participant selection and methodological flow. SYD, Shen-Yuan-Dan; PMI, peri-procedural myocardial injury; PCI, percutaneous 
coronary intervention.
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for the non-ST segment elevation acute coronary syndrome 
which was released by the Chinese Medical Association (19). 
These drugs include anti-platelets (aspirin, clopidogrel), 
statins (routine doses), beta-blockers, nitrates, inhibitors 
of the renin-angiotensin-aldosterone system, etc.  
Three days before intervention treatment, patients will 
be given SYD or a placebo together with warm water  
0.5 hours after Western medicine is given. The medication 
administration method will be the same for both capsules: 
4 capsules each time, three times a day; with an additional 
4 capsules 12 hours before PCI, and routine dosage for  
1 month after PCI. SYD and the placebo are manufactured 
by Beijing Xinglin Pharmaceutical Industry Co. Ltd. 
The storage, transportation, management, recovery, and 
the destruction of the SYD medicine and the placebo 
capsules will be all handled by staff from the pharmacology 
department of the hospital.

Outcome evaluation

Primary outcome

Peri-procedural myocardial injury (PMI)
Using the Third Universal Definition of a Myocardial 
Infarction released by ESC/ACCF/AHA/WHF in  
2012 (1), an increase in TnT more than two times the upper 
limit of normal within 48 hours after PCI, will be used as 
a diagnostic marker for PMI. Testing for the marker will 
be carried out by technicians in the department, using the 
Roche myocardial enzyme analyzer (Cobas H232 Cardiac 
System) and the upper limit of normal for TnT is 50 ng/L. 
Markers will be tested at the following points: before PCI, 4, 
24, and 48 hours after surgery. PMI will be defined as TnT 
elevations greater than 100 ng/L within 48 hours after PCI. 
If TnT elevations within 48 hours after PCI are greater 
than 250 ng/L (5 times the upper limit of normal) and are 
accompanied by cardiac ischemia symptoms, or evidence 
from coronary angiography and other imaging, this will be 
defined as a peri-procedural myocardial infarction.

Secondary outcomes

30-day post-procedure MACEs
Outpatient referral or telephone follow-up will be used 
by 3rd party observation staff to record the 30-day MACE 
status of patients. The MACE events used in this study will 

include, all-cause mortality, non-fatal myocardial infarction, 
and repeated revascularization of target blood vessel.

30-day post-procedure Seattle Angina Questionnaire 
scores
Outpatient referral or telephone follow-up will be used by 
3rd party observation staff to evaluate the angina scores of 
the patients according to the Seattle Angina Questionnaire.

Subpopulation analysis according to risk stratification
Patients that are finally included in the study will be 
stratified according to their coronary heart disease risk 
(GRACE scores), with the low risk group being 1–108 
points, the moderate risk group being 109–140 points, and 
the high-risk group being 141–372 points. A retrospective 
analysis of the intervention efficacy of SYD on the PMI in 
different patient subpopulations will be carried out. 

Safety evaluation

The serum biochemical tests of the patients and the 
appearance of discomfort after drug administration in the 
patients will be used to evaluate the safety of the study 
drug. The safety problems that occur in the patients will 
be recorded in a timely manner. If the patient experiences 
any item that fulfills the termination criteria, emergency 
unblinding of that patient will be carried out, and the study 
will be terminated. The physician will treat the patient 
according to the actual situation.

Sample size

This study will use sample size estimation formula 
according to the optimal design of the technical data, and 
the target event is the PMI incidence, thus the following 
formula will be used for estimation:

1 1 22( ) (1 )[ ]
2 2

T C T C

T C

n α βµ µπ π π π
π π
− −++ +

= −
−

According to the results of the preliminary experiments, 
the incidence of PMI in the SYD and placebo groups are 
estimated to be 8% and 20%, respectively. Using α=0.025 
(one-tailed), β=0.2 in the formula, each group will require 
around 129 patients. In addition, it will be estimated that 
≤10% of patients will be withdrawn or lost to follow up. 
Therefore, a total of 284 patients will be needed.
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Statistical analysis

Continuous data is expressed as mean ± standard deviations  
(SD). Categorical variables are expressed as frequencies (%). 
Continuous variables between groups will be compared 
using the t-test for normally distributed values. To compare 
normally distributed continuous variables with homogeneity 
of variance between groups, completely randomized design, 
one-way analysis of variance (ANOVA) will be used. The 
SNK-q test will be used for pairwise comparisons between 
groups. To compare non-normally distributed continuous 
variables between groups, the rank-sum test will be used. 
Comparisons between groups will be performed using the 
chi-square test (or Fisher’s exact test when the expected 
frequency is <5). Post hoc analysis will be carried out using 
LOGISTIC and COX regression analysis. All calculations 
will be performed using SPSS 15.0. The threshold for 
significance will be set to P<0.05 (2-tailed).

Discussion

According to our understanding,  this  is  the f irst 
randomized, double-blind, placebo-controlled clinical trial 
protocol evaluating TCM preparations in reducing PMI. 
Currently, it is believed that tiny lipid particles produced 
during intervention obstructing the distal coronary blood 
vessel is one of the important causes of PMI occurrence. In 
TCM, this is believed to be a “blood stasis,” and treatment 
should be based on “clearing blood stasis” as its core 
principle. SYD is a preparation that has “qi boosting and 
stasis clearance” properties. Therefore, we believed that 
SYD could have a potential myocardial protective effect 
on the peri-procedural phase of PCI. Previously, our basic 
research study has suggested that SYD could reduce PMI 
and the effects were more significant in the high dose group 
when compared with the low dose group (18). Subsequently, 
we designed a small sample, clinical trial and enrolled a 
total of 76 unstable angina patients. These patients were 
randomized into a SYD group (n=26) and a placebo group 
(n=40) and were given SYD or a placebo 3 days before 
PCI, in addition to conventional treatment. However, 
no drug loading was given 12 hours before PCI. Results 
showed that the incidence of PMI in the SYD group were 
lower than that of the placebo group, but the difference 
was not statistically significant (8.3% vs. 20.0%, P=0.149). 
We analyzed the results, and considered that this may be 
related to sample size limitations. On the other hand, this 
may also be due to the absence of the drug loading before 

PCI. Referring to the results of previous studies, this 
study protocol is intended to compensate for the design 
deficiencies in the previous study.

In addition, besides evaluating the efficacy of SYD in 
decreasing PMI and safety, we also plan to observe the 
effects of SYD on the 30-day post-procedural MACE 
event and Seattle Angina Questionnaire score in patients 
and retrospectively evaluate the intervention efficacy of 
SYD on PMI in patients in different risk strata. This study 
will further evaluate the potential clinical benefits of SYD 
towards patients undergoing PCI treatment. Of course, the 
fact that this is a single-center study will be a limitation of 
this study design. However, this study will provide a new 
approach in decreasing PMI and the results of the study are 
worth anticipating.
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