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Abstract
Background: Although the incidence of acute myocardial infarction (AMI) is decreasing, the mortality in AMI patients remains
substantial. Traditional Chinesemedicine has shown its role in the prevention andmanagement of AMI. The purpose of this study is to
evaluate the clinical efficacy of Xuesaitong injection (XST) for the treatment of AMI by a meta-analysis.

Methods:A literature searchwas performed in 5medical databases up to June 1, 2020. Randomized controlled trials involving XST
combined with conventional treatment versus conventional treatment were included. A meta-analysis of clinical efficacy, left
ventricular function and other objective parameters was performed to evaluate the effects of XST on AMI.

Results: Five randomized controlled trials involving 539 participants were eventually included. Meta-analysis showed that the
combination of XST and conventional treatment could achieve significantly better effect on improving clinical efficacy (risk ratio: 1.09
[1.01, 1.17]; P= .04), left ventricular ejection fraction (mean difference [MD]: 3.18 [1.69, 4.67]; P< .0001), hypersensitive C-reactive
protein (MD: �2.58 [�5.04, �0.12]; P= .04), interleukin 6 (MD: �26.00 [�38.85, �13.16]; P< .0001), cardiac troponin T (MD:
�15.85 [�18.09, �13.61]; P< .00001) and creatine kinase myocardial isoenzyme (MD: �73.06 [�79.74, �66.37]; P< .00001).

Conclusion: XST combined with conventional treatment can achieve better efficacy on clinical performance and some of the AMI
related parameters. However the interpretation of the results should be cautious, due to the relatively low quality of included trials.
More rigorously designed, large-scaled, randomized controlled trials are warranted to support its clinical use in the future.

Abbreviations: AE = adverse events, AMI = acute myocardial infarction, BNP = B-type natriuretic peptide, CG = control group,
CK-MB = creatine kinase myocardial isoenzyme, cTnT = cardiac troponin T, EG = experiment group, hs-CRP = hypersensitive C-
reactive protein, IHD = Ischemic Heart Disease, LV = left ventricular, LVEF = left ventricular ejection fraction, MD =mean difference,
PCI = percutaneous coronary intervention, RCTs = randomized controlled trials, RR = risk ratio, STEMI = ST-segment elevation
myocardial infarction, TCM = traditional Chinese medicine, TNF-a = tumor necrosis factor a, XST = Xuesaitong injection.
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1. Introduction
According to the Global Burden of Death[1] Ischemic Heart
Disease (IHD) is the number 1 cause of deaths in cardiovascular
diseases both in male and female. IHD has caused 8.9 million
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deaths in 2017, which has increased 22.3% from 2007[4].
Although the circumstance of IHD is far from satisfying, the
incidence rate of ST-segment elevation myocardial infarction
(STEMI) is decreasing around the world.[2,3] It can be attributed
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to the greater use of reperfusion therapy, primary percutaneous
coronary intervention (PCI), modern antithrombotic therapy,
and secondary prevention.[4,5] Yet there are still some challenges
to overcome, such as angina pectoris after PCI, higher
requirement of the physicians and equipment, relatively more
cost for new surgical and medication therapy. The evidence for
some of the newly invented antiplatelet, anticoagulant and lipid-
lowering therapy is still insufficient. Traditional Chinese
medicine (TCM) has shown its role in the prevention and
management of IHD. Numerous researches were held within the
framework of modern medicine, some of which have proven the
efficacy of TCM.[6–8]

Xuesaitong injection (XST) is one of the major TCM patent
medicine used in IHD. Its major components are saponins from
Panax notoginseng (PNS), including gin-senoside Rb1, ginseno-
side Rg1, and notoginsenoside R1.[9] Researches have indicated
that XST can inhibit platelet aggregation, increase blood flow,
improve left ventricular (LV) diastolic function in hypertensive
patients, and has anti-inflammatory effect.[10,11] The clinical
application of XST in acute myocardial infarction (AMI) is
widely accepted in China, and some randomized controlled trials
(RCTs) have been conducted. However the evidence of XST
treating AMI has not been systematically reviewed. In this
research, we evaluated the effect of XST through a rigorous
systematic review and meta-analysis of randomized trials.
2. Methods

We conducted this meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines[12]
2.1. Search strategy

Two authors searched for potential articles independently
through Cochrane Library, Medline, Embase, China National
Knowledge Infrastructure and Wanfang database, from their
inception to June 1, 2020. The following medical subject
headings and free terms adapted to each database were used in
the literature search: (AMI or myocardial infarction or STEMI)
and (XST or Xuesaitong or Xue sai tong). No language
restriction was applied. The authors of the articles were contacted
for detailed information if necessary.
2.2. Study selection

Two authors independently screen and judged the eligible
researches according to the following criteria: study participants
were diagnosed as AMI, ready for revascularization, including
PCI, coronary artery bypass grafting or thrombolysis; study
should be randomized clinical trial, which compared the efficacy
or quantitative parameters of XSTwith placebo or contemporary
medication; and follow-up in each study should ≥2weeks. For
discrepancies in the process of selection, whether to include
or exclude a study was resolved by consensus with other
investigator.
2.3. Data extraction and quality assessment

Two authors independently extracted the following data from the
included researches: the name of first author, year of publication,
sample sizes of each groups, sex and age of patients, types and
2

duration of interventions, and outcomes. The methodological
quality of included trials was assessed using the Cochrane
Handbook for Systematic Reviews of Intervention: sequence
generation (selection bias), allocation concealment (selection
bias), blinding of patients and personnel (performance bias),
blinding of outcome assessors (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias),
and other biases. Each of them was categorized as 3 levels: “low
risk”, “unclear risk” and “high risk”, according to the Cochrane
Handbook. Any conflicts during this process were solved by
discussion or consultation with a third reviewer.
Ethical approval was not necessary due to the data we used in

this study was extracted from public database.
2.4. Statistical analysis

Statistical analyses were performed via ReviewManage software
(version 5.3) from the Cochrane Collaboration. Dichotomous
data was summarized as risk ratio (RR) with its corresponding
95% confidence interval. Continuous data was summarized as
mean difference (MD) with its corresponding 95% confidence
interval. Heterogeneity between trials was assessed using I2

statistics. If heterogeneity is considered high (50%< I2), random
effects model would be applied; otherwise heterogeneity
is considered low (I2�50%), a fixed-effect model would be
used.[13]
3. Results

3.1. Literature search and study characteristics

A flow chart showed the searching and screening process (Fig. 1).
Eventually 5 RCTs[14–18] with 539 participants were included in
this systematic review. All RCTs were published in Chinese from
2016 to 2019. The detailed information of the included
researches were listed in Table 1. Since the included researches
were focused on AMI, the duration of treatment were 2weeks in
all of the 5 RCTs, none of them had relatively long term follow-
up. The participants in control group (CG) were treated with PCI,
antiplatelet and lipid-lowering therapy. Participants in experi-
ment group (EG) were injected with XST before or after PCI, 200
mg per day for 2weeks along with conventional treatment in CG.
Clinical efficacy, LV function, inflammation, myocardial injury
related indexes and adverse effects were measured between EG
and CG.

3.2. Risk of bias assessment

All of the included studies were single-centered, open-label,
parallel designed RCTs. Four of them had described the method
of random sequence generation. None of the trials describe
allocation concealment. None of the trials had a pretrial
estimation of sample size, which indicated the lack of statistical
power to ensure appropriate estimation of the therapeutic effect
(Fig. 2).

3.3. Clinical efficacy

Clinical efficacy was defined as the amelioration of AMI related
clinical syndromes, such as angina pectoris, suffocation, and
stamina decline. According to the included researches, clinical
syndromes relieve more than 75% after intervention is consid-



Figure 1. Flow diagram of the RCT inclusion process. RCT = randomized controlled trial, TCM = traditional Chinese medicine.
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ered ‘effective’ and documented. This criteria is based on <The
Guiding Principle of Clinical Research on New Traditional
Chinese Drugs>.[19]

Five researches reported clinical efficacy between EG and CG.
249 of 270 participants (92.22%) achieved effective in EG, while
223 of 269 participants (82.90%) achieved effective in CG. The
outcome shows a statistically significant difference in favor of EG
Table 1

The detailed information of the included researches.

ID First author Publication
year

Sample size
(EG/CG)

Sex (M/F) Age (yr)

Qiao 2016 Zhili Qiao 2016 40/40 46/34 EG: 62.1±7
CG: 63.5±7.

Xin 2018 Danzhen Xin 2018 54/53 64/43 EG: 51.9±8
CG: 52.3±8.

Zhou 2018 Shu Zhou 2018 62/62 68/56 EG: 55.35±7
CG: 54.79±7

Chen 2019 Zhaodong Chen 2019 54/54 63/45 EG: 59.87±4
CG: 59.79±4

Zhang 2019 Zhigang Zhang 2019 60/60 79/41 EG: 51.13±8
CG: 50.87±7

BNP = B-type natriuretic peptide, CG = control group, CK-MB = creatine kinase myocardial isoenzyme, cT
left ventricular ejection fraction, TNF-a = tumor necrosis factor a, XST = Xuesaitong injection.
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(RR: 1.09 [1.01, 1.17]; P= .04) (Fig. 3). It is suggested that XST
plus conventional treatment had a better effect on relieving
symptoms of AMI after PCI.

3.4. Left ventricular function
Two of the researches with 232 participants reported left
ventricular ejection fraction (LVEF) after intervention (Fig. 4).
Intervention
of EG

Intervention
of CG

Course
(d)

Outcome indexes

.9;
8

XST injection+WM WM 14 hs-CRP, BNP

.4;
2

XST injection+WM WM 14 ECG, LVEF, BNP, hs-CRP,
TNF-a

.24;
.45

XST injection+WM WM 14 LVEF, BNP, cTnT, CK-MB,
TNF-a, IL-6, hs-CRP

.31;
.28

XST injection+WM WM 14 cTnT, CKMB, BNP, LVEF, LVEDD

.98;
.94

XST injection+WM WM 14 LVEF, BNP, hs-CRP, TNF-a

nT = cardiac troponin T, EG = experiment group, hs-CRP = hypersensitive C-reactive protein, LVEF =

http://www.md-journal.com


Figure 2. Risk of bias graph.

Figure 3. Clinical efficacy comparison between EG and CG. CG = control group, CI = confidence interval, EG = experiment group.
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Heterogeneity in this analysis is considered low (I2=0%), thus
Fixedmodel was applied.Meta-analysis showed that LVEF in EG
is significantly higher than in CG (MD: 3.18 [1.69, 4.67];
P< .0001). Three of the researches with 312 participants
reported B-type natriuretic peptide (BNP) after intervention.
Figure 4. Left ventricular function related indexes comparison between EG and CG
and CG. BNP = B-type natriuretic peptide, CG = control group, CI = confidenc

4

BNP in EG tended to be lower than CG but with no significance
(MD:�235.48 [�551.47, 80.50]; P= .14). It is worth to mention
that BNP level in 1 of the researches is much higher than the other
2 researches. After removing this research from meta-analysis,
heterogeneity was considered low (I2=0%). The pooled analysis
. A: LVEF comparison between EG and CG. B: BNP comparison between EG
e interval, EG = experiment group, LVEF = left ventricular ejection fraction.
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showed significant difference favoring EG (MD: -86.29
[�108.10, �64.48]; P< .00001). It indicated that the meta-
analysis result of BNP comparison between groups should be
interpreted with caution.

3.5. Inflammation

Most of the included researches documented inflammation
related laboratory indexes. Four of the researches with 431
participants reported hypersensitive C-reactive protein (hs-CRP)
after intervention (Fig. 5). Meta-analysis showed that hs-CRP in
EG is significantly lower than in CG (MD:�2.58 [�5.04,�0.12];
P= .04). Three of the researches with 351 participants reported
tumor necrosis factor a (TNF-a) after intervention. Meta-
analysis showed that TNF-a in EG is significantly lower than in
CG (MD: �5.48 [�8.99, �1.98]; P= .002). Two of the
researches with 204 participants reported interleukin 6 (IL-6)
after intervention. Meta-analysis showed that IL-6 in EG is
significantly lower than in CG (MD: �26.00 [�38.85, �13.16];
P< .0001).

3.6. Myocardial injury

Two of the researches with 232 participants reported cardiac
troponin T (cTnT) after intervention (Fig. 6). Heterogeneity in
this analysis is considered low (I2=46%), thus Fixed model was
applied. Meta-analysis showed that cTnT in EG is significantly
lower than in CG (MD: �15.85 [�18.09, �13.61]; P< .00001).
The same researches reported creatine kinase myocardial
Figure 5. Inflammation related indexes comparison between EG and CG. A: hs-C
CG. C: IL-6 comparison between EG and CG. CG = control group, CI = confidenc
IL-6 = interleukin 6, TNF-a = tumor necrosis factor a.

5

isoenzyme (CK-MB) after intervention. Fixed model was applied
(I2=0%) and meta-analysis showed that CK-MB in EG is
significantly lower than in CG (MD: �73.06 [�79.74, �66.37];
P< .00001).

3.7. Adverse events

Four of the included researches with 459 participants docu-
mented adverse events (AE) after intervention (Fig. 7). There were
17 AE in 230 participants in EG, while 26 AE in 229 participants
in CG. Heterogeneity in this analysis is considered low (I2=
34%), thus fixed model was applied. The RR was 0.65 favoring
EG ([0.36, 1.17]; P= .15; I2=34%).

4. Discussion

Although the incidence of STEMI is decreasing, the mortality in
STEMI patients remains substantial. The acute and long-term
mortality of STEMI are influenced by many factors, more timely
use of reperfusion therapy, PCI and modern antithrombotic
therapy are beneficial to the patients.[20,21] After vascular
recanalization, there are still some clinical issue remain to be
solved, such as ischeamic/reperfusion injury, alleviation of angina
pectoris, complication of AMI. With the adjunctive use of TCM,
better clinical performance and outcomes can be achieved.[22]

XST is one of the major TCM patent medicine used in IHD. In
this meta-analysis, we have pooled 5 RCTs with 539 participants
and have shown that XST combined with western medicine is
effective for the treatment of AMI after vascular recanalization.
RP comparison between EG and CG. B: TNF-a comparison between EG and
e interval, EG = experiment group, hs-CRP = hypersensitive C-reactive protein,

http://www.md-journal.com


Figure 7. AE comparison between EG and CG. AE = adverse events, CG = control group, CI = confidence interval, EG = experiment group.

Figure 6. Myocardial injury related indexes comparison between EG and CG. A: cTnT comparison between EG and CG. B: CK-MB comparison between EG and
CG. CG = control group, CI = confidence interval, EG = experiment group, cTnT = cardiac troponin T, CK-MB = creatine kinase myocardial isoenzyme.
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XST not only improves the total clinical efficacy, but also
improves LV function, ameliorates inflammation and myocardial
injury in the acute and sub-acute stage of STEMI. The AE were
considered no significant difference in XST and control group.
XST is one of themost frequently used Chinese patent medicine

in clinical practice. It is commonly administered to promote
blood circulation and remove blood stasis, hence it is widely used
in coronary and cerebral artery diseases. In present, 3 meta-
analysis published concerning XST for the treatment of stroke
(acute, post, and recovery), and 1 meta-analysis for unstable
angina. Our study focused on the very edge of AMI. Persistence
or recurrence of angina after successful PCI represent an
important clinical issue involving about one third of patients
undergoing myocardial revascularization.[22,23] In our study, all
of the participants underwent revascularization, and meta-
analysis showed that XST can provide complementary and
effective treatment for STEMI.
There were still insufficiencies in this study. First, all of the

included studies were conducted in China and published in
Chinese, which meant that the effects on other races are
uncertain. Second, all of the included studies were single-
centered, and the scale was relatively small. Third, allocation and
blinding methods were not mentioned in all of the studies. These
limitations lead to a cautious interpretation of the results. Despite
these limitations, our study provided a comprehensive evaluation
of the efficacy and safety of XST for the treatment of STEMI.
6

5. Conclusions

In summary, this study has provided evidence that XST combined
with conventional treatment can achieve better efficacy on
clinical performance and LVEF improvement, hs-CRP, TNF-a,
IL-6, cTnT, and CK-MB lowering. The interpretation of the
results should be cautious, due to the relatively low quality of
included trials. More rigorously designed, large-scaled, random-
ized controlled trials are warranted to support its clinical use in
the future.
Author contributions

YH and JL designed and supervised the study. YH, MS, and JD
carried out the search and screening criteria. JT, KW, JC, XZ, and
MC performed literature search, screening, and data collection.
YH, MS, and YW drafted the manuscript and JD, JL revised it.
Conceptualization: Yingying Hua, Jiangquan Liao.
Data curation: Yingying Hua, Kangkang Wei.
Formal analysis: Yingying Hua, Mingjing Shao.
Funding acquisition: Jiangquan Liao.
Investigation: Mingjing Shao, Jinhang Du, Kangkang Wei.
Methodology: Jinhang Du, Kangkang Wei, Jiangmeng Chang.
Project administration: Xiaoqiong Zhang.
Software: Yan Wang, Jiaxing Tian, Xiaoqiong Zhang.
Supervision: Jinhang Du, Jiangquan Liao.



Hua et al. Medicine (2021) 100:37 www.md-journal.com
Validation: Jiaxing Tian.
Visualization: Jiaxing Tian.
Writing – original draft: Yan Wang, Jiangmeng Chang,

Xiaoqiong Zhang, Ming Chen.
Writing – review & editing: Yingying Hua.
References

[1] GBD 2017 Causes of Death CollaboratorsGlobal, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries and
territories, 1980–2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet 2018;392:1736–88.

[2] Ibanez B, James S, Agewall S, et al. ESC Scientific Document Group2017
ESC Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology (ESC). Eur
Heart J 2018;39:119–77.

[3] Mozaffarian D, Benjamin EJ, Go AS, et al. American Heart Association
Statistics Committee and Stroke Statistics SubcommitteeHeart disease
and stroke statistics—2015 update: a report from the American Heart
Association. Circulation 2015;131:e29–322.

[4] Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner M,
Nichols M. Cardiovascular disease in Europe: epidemiological update
2016. Eur Heart J 2016;37:3232–45.

[5] Kristensen SD, Laut KG, Fajadet J, et al. European Association for
Percutaneous Cardiovascular InterventionsReperfusion therapy for ST
elevation acute myocardial infarction 2010/2011: current status in 37
ESC countries. Eur Heart J 2014;35:1957–70.

[6] Martel J, Ojcius DM, Chang CJ, et al. Anti-obesogenic and antidiabetic
effects of plants and mushrooms. Nat Rev Endocrinol 2017;13:149–60.

[7] Chang CJ, Lin CS, Lu CC, et al. Ganoderma lucidum reduces obesity in
mice bymodulating the composition of the gut microbiota. Nat Commun
2015;6:7489.

[8] Li X, Zhang J, Huang J, et al. A multicenter, randomized, double-blind,
parallel-group, placebo-controlled study of the effects of qili qiangxin
capsules in patients with chronic heart failure. J Am Coll Cardiol
2013;62:1065–72.

[9] Yang Z, Shao Q, Ge Z, Ai N, Zhao X, Fan X. A bioactive chemical
markers based strategy for quality assessment of botanical drugs:
xuesaitong injection as a case study. Sci Rep 2017;7:2410.

[10] Pan C, Huo Y, An X, et al. Panax notoginseng and its components
decreased hypertension via stimulation of endothelial-dependent vessel
dilatation. Vascul Pharmacol 2012;56:150–8.
7

[11] Liu G, Wang B, Zhang J, Jiang H, Liu F. Total panax notoginsenosides
prevent atherosclerosis in apolipoprotein E-knockout mice: role of
downregulation of CD40 and MMP-9 expression. J Ethnopharmacol
2009;126:350–4.

[12] Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA GroupPreferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 2009;339:b2535.

[13] Wang K, Wu J, Duan X, et al. Comparative efficacy of Chinese herbal
injections for angina pectoris: a Bayesian network meta-analysis of
randomized controlled trials. Complement Ther Med 2019;43:208–17.

[14] Qiao Zhili, Gao Fengmin, Xu Biao, Yang Jiaoxia. The effect of
Xuesaitong injection on inflammatory factors and matrix metal-
loproteinases in patients with acute myocardial infarction after PCI.
Chin J Integr Med Cardio Cerebrovasc Dis 2016;20:2394–6.

[15] Xin Danzhen, Qian Lingfei. Effect of atorvastatin combined with
Xuesaitong injection on inflammatory factors in patients with myocar-
dial infarction after PCI. Chin J Rural Med Pharm 2018;12:39–40.

[16] Zhou Shu. Study on the curative effect of Xuesaitong combined with
western medicine on AMI after PCI and its influence on cardiac function
indexes and inflammatory factors. Shaanxi J Tradit Chin Med 2018;
12:1687–90.

[17] Chen Zhaodong. Effect of Xuesaitong injection onmyocardial injury and
cardiac function in patients with acute ST segment elevation myocardial
infarction. Tibetan J Med 2019;01:145–7.

[18] Zhang Zhigang. Observation of therapeutic effect of Xuesaitong
combined with western medicine on acute myocardial infarction after
PCI and its influence on cardiac function and inflammatory factors. J
New Chin Med 2019;06:121–4.

[19] Ministry of Health of The People’s Republic of China . The Guiding
Principle of Clinical Research on New Traditional Chinese Drugs.
Beijing: China Medical Science and Technology Press; 2002.

[20] Gale CP, Allan V, Cattle BA, et al. Trends in hospital treatments,
including revascularisation, following acute myocardial infarction,
2003–2010: a multilevel and relative survival analysis for the National
Institute for Cardiovascular Outcomes Research (NICOR). Heart
2014;100:582–9.

[21] Hao P, Jiang F, Cheng J, Ma L, Zhang Y, Zhao Y. Traditional Chinese
medicine for cardiovascular disease: evidence and potential mechanisms.
J Am Coll Cardiol 2017;69:2952–66.

[22] Fanaroff AC, Kaltenbach LA, Peterson ED, et al. Management of
persistent angina after myocardial infarction treated with percutaneous
coronary intervention: insights from the TRANSLATE-ACS Study. J Am
Heart Assoc 2017;6:e007007.

[23] Niccoli G, Montone RA, Lanza GA, Crea F. Angina after percutaneous
coronary intervention: the need for precision medicine. Int J Cardiol
2017;248:14–9.

http://www.md-journal.com

	Xuesaitong injection treating acute myocardial infarction
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Literature search and study characteristics
	3.2 Risk of bias assessment
	3.3 Clinical efficacy
	3.4 Left ventricular function
	3.5 Inflammation
	3.6 Myocardial injury
	3.7 Adverse events

	4 Discussion
	5 Conclusions
	Author contributions
	References


