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IMPORTANCE Tongxinluo, a traditional Chinese medicine compound, has shown promise in in
vitro, animal, and small human studies for myocardial infarction, but has not been rigorously
evaluated in large randomized clinical trials.

OBJECTIVE To investigate whether Tongxinluo could improve clinical outcomes in patients
with ST-segment elevationmyocardial infarction (STEMI).

DESIGN, SETTING, AND PARTICIPANTS Randomized, double-blind, placebo-controlled clinical
trial was conducted among patients with STEMI within 24 hours of symptom onset from 124
hospitals in China. Patients were enrolled fromMay 2019 to December 2020; the last date of
follow-up was December 15, 2021.

INTERVENTIONS Patients were randomized 1:1 to receive either Tongxinluo or placebo orally
for 12 months (a loading dose of 2.08 g after randomization, followed by themaintenance
dose of 1.04 g, 3 times a day), in addition to STEMI guideline-directed treatments.

MAIN OUTCOMES ANDMEASURES The primary end point was 30-daymajor adverse cardiac
and cerebrovascular events (MACCEs), a composite of cardiac death, myocardial reinfarction,
emergent coronary revascularization, and stroke. Follow-up for MACCEs occurred every
3months to 1 year.

RESULTS Among 3797 patients who were randomized, 3777 (Tongxinluo: 1889 and placebo:
1888; mean age, 61 years; 76.9%male) were included in the primary analysis. Thirty-day
MACCEs occurred in 64 patients (3.4%) in the Tongxinluo group vs 99 patients (5.2%) in the
control group (relative risk [RR], 0.64 [95% CI, 0.47 to 0.88]; risk difference [RD], −1.8%
[95% CI, −3.2% to −0.6%]). Individual components of 30-dayMACCEs, including cardiac
death (56 [3.0%] vs 80 [4.2%]; RR, 0.70 [95% CI, 0.50 to 0.99]; RD, −1.2% [95% CI, −2.5%
to −0.1%]), were also significantly lower in the Tongxinluo group than the placebo group.
By 1 year, the Tongxinluo group continued to have lower rates of MACCEs (100 [5.3%] vs 157
[8.3%]; HR, 0.64 [95% CI, 0.49 to 0.82]; RD, −3.0% [95% CI, −4.6% to −1.4%]) and cardiac
death (85 [4.5%] vs 116 [6.1%]; HR, 0.73 [95% CI, 0.55 to 0.97]; RD, −1.6% [95% CI, −3.1% to
−0.2%]). There were no significant differences in other secondary end points including
30-day stroke; major bleeding at 30 days and 1 year; 1-year all-cause mortality; and in-stent
thrombosis (<24 hours; 1-30 days; 1-12 months). More adverse drug reactions occurred in the
Tongxinluo group than the placebo group (40 [2.1%] vs 21 [1.1%]; P = .02), mainly driven by
gastrointestinal symptoms.

CONCLUSIONS AND RELEVANCE In patients with STEMI, the Chinese patentmedicine
Tongxinluo, as an adjunctive therapy in addition to STEMI guideline-directed treatments,
significantly improved both 30-day and 1-year clinical outcomes. Further research is needed
to determine themechanism of action of Tongxinluo in STEMI.
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A cute ST-segment elevation myocardial infarction
(STEMI) isamajor life-threateningconditionworldwide.1

Despite reperfusion therapyandoptimalmedicalman-
agement, patients with STEMI still face high risks of in-
hospital mortality and recurrent cardiovascular events.1-3

Tongxinluo, a traditional Chinesemedicine compound, is
composed of powders and extracts from multiple plant and
insect products.4,5 Although the active ingredient(s) and the
exact mechanism of action remain unclear, it has been sug-
gested that peoniflorin,6 ginsenoside Rg1,7,8 and ginsenoside
Rb19 present in Tongxinluo have potential cardioprotective
effects. Tongxinluo was initially evaluated and approved in
China for angina pectoris and ischemic stroke in 1996.4

Tongxinluo pretreatment was found in vitro to directly
reduce endothelial cell apoptosis via autophagy induction.10

Tongxinluo could also reduce hypoxia/reoxygenation-
induced injury of cardiomyocytes,11 alleviate myocardial
ischemic/reperfusion injury via the activation of nitric oxide
synthase12 and stimulate proangiogenesis after coronary
permanent ligation in rats.13 Prior swine studies have dem-
onstrated that pretreating with Tongxinluo for 3 days,14

3 hours,15 or 1 hour16 before myocardial infarction (MI) facili-
tated myocardial microvascular perfusion and reduced
infarcted area after reperfusion.16,17 Furthermore, a multi-
center, randomized, double-blind, placebo-controlled clinical
trial found Tongxinluo significantly promoted myocardial
microvascular perfusion in 108 patients with STEMI treated
with primary percutaneous coronary intervention (PCI).18

Based on these in vitro, animal, and small human studies, it
was hypothesized that Tongxinluo may improve clinical out-
comes in patients with STEMI.19

Methods
Study Design andOversight
The China Tongxinluo Study forMyocardial Protection in Pa-
tientsWithAcuteMyocardial Infarction (CTS-AMI)was a ran-
domized,double-blind, placebo-controlled,multicenter clini-
cal trial conducted in 124 clinical centers in China. Details
regarding the trialdesignhavebeendescribedpreviously19 and
a copyof the studyprotocol (version2.0) and statistical analy-
sis plan (SAP version 3.0) are available in Supplement 1. This
trial was designed and coordinated by the authors and over-
seen by a steering committee and a data and safety monitor-
ing board. Patients were randomized 1:1 to receive either
Tongxinluo or placebo, in addition to STEMI guideline-
directed treatments. Ethics approval was obtained from the
ethics committees at each study site. This study was con-
ducted inaccordancewith theprinciplesofGoodClinical Prac-
tice and the Declaration of Helsinki.

Study Population
Patients were eligible for enrollment if they were 18 years or
older and presented within 24 hours of symptom onset with
an acutemyocardial infarction,with ST-segment elevation of
0.2 mV or greater in more than 2 adjacent leads or new left
bundle-branchblock. Exclusion criteria included severe com-

plications of STEMI, such as mechanical complications, seri-
ous cardiogenic shocknot responding tovasopressors, uncon-
trolled acute left-sidedheart failureorpulmonary edema, and
malignant arrhythmiasuncontrolledbyantiarrhythmiaagents
at enrollment, and severe comorbidities, such as severe he-
patic dysfunction, severe kidney dysfunction, severe infec-
tion, bleeding tendency,malignancies, and life expectancy of
less than 1 year. The complete exclusion criteria are listed in
the study protocol in Supplement 1. Written informed con-
sent was provided by all patients or their legal representa-
tives before randomization.

Randomization and Blinding
Patients were assigned to Tongxinluo or placebo at a 1:1 ratio
(block randomization stratified by site), with a randomizing
number automatically generated in a computer-based cen-
tral randomization system (Peking University Clinical Re-
search Institute, Beijing, China) (Figure 1). Each randomizing
numberwas automatically anddouble-blindingly boundwith
the package number of research drugs (Tongxinluo or pla-
cebo). Before drug distribution, investigators applied for the
corresponding researchdrugwith the randomizingnumbervia
the system.All participants involved in this trial, including the
patients, physicians, nurses, site investigators, andmembers
of the clinical endpoint committee,were blinded to the treat-
ment assignments.

Procedures
Patients in the Tongxinluo group were treated with an oral
loading dose of Tongxinluo (8 capsules, 2.08 g) after random-
ization, followed by the maintenance dose of 4 capsules
(1.04 g), 3 times a day for 12 months. More information about
Tongxinluo, such as compound preparation, is provided in
section 1.1.1 in Supplement 2. The placebo group received
matching placebo capsules, specifically developed for the
Tongxinluo trial (see section 1.1.2 in Supplement 2). The pla-
cebo capsule had the same appearance as the Tongxinluo
capsule, with similar taste and odor if the capsule was
opened. Treating physicians were instructed to provide

Key Points
Question Among patients with acute ST-segment elevation
myocardial infarction (STEMI), does the addition of a traditional
Chinese medicine compound (Tongxinluo) as an adjunctive
treatment to guideline-directed therapies improve clinical
outcomes?

Findings In this randomized, double-blind, placebo-controlled
clinical trial of 3777 patientswith STEMI, oral administration of
Tongxinluo for 12months, comparedwith placebo, significantly
reduced the primary end point of 30-daymajor adverse cardiac and
cerebrovascular events (rate ofMACCEs, 3.4%vs 5.2%),with a
significant reduction in cardiac death (3.0%vs 4.2%). These benefits
persistedwithin 1 year (MACCEs: 5.3%vs 8.3%; cardiac death: 4.5%
vs 6.1%),with no significant difference inmajor bleeding.

Meaning Among patients with STEMI, Tongxinluo improved both
30-day and 1-year clinical outcomes.
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STEMI guideline-directed treatments including dual anti-
platelet therapy and coronary reperfusion (primary PCI or
thrombolysis, unless contraindicated or declined by the
patients, their family members, and interventional cardiol-
ogists).20,21 Usage of thrombus aspiration catheter, distal pro-
tective devices, platelet glycoprotein IIb/IIIa receptor antago-
nist, and stent implantation during primary PCI was at the
discretion of the interventionalists.

Baseline characteristics of each patient’s clinical presen-
tation (Table 1), electrocardiogram (ECG), and laboratory tests
were collected at admission. ECG was also taken at 2 hours,
24hours, and7days after admission/reperfusion therapy.Ad-
ditional laboratory tests, echocardiogram, 24-hour dynamic
ECG (Holter monitor), and elective PCI, if indicated, were
scheduledon the seventhdayof hospitalizationor before dis-
charge.All survivingpatientswere followedup for 1 year,with
follow-up visits scheduled at 1, 3, 6, 9, and 12 months (study
schedule and study schedule flowchart are in Supplement 1).
ECG, coronary angiography, and echocardiographydatawere
reviewedandverifiedbyeachcorresponding independentcore
laboratory on a random sample of 33% of patients recruited
in this trial for checking the rates of consistency (eTable 1 in
Supplement 3).

Outcomes
The primary end point was a composite of the major adverse
cardiacandcerebrovascularevents (MACCEs)at30days,which
included cardiac death, myocardial reinfarction, emergent

coronary revascularization, and stroke. Secondary endpoints
included individual components of the primary end point;
severe complicationsof STEMI comprising cardiogenic shock,
acute left heart failure, mechanical complications, and
malignant arrhythmias at 30 days; major bleeding (Bleeding
Academic Research Consortium grades III and V) at 30 days
and 12 months; MACCEs, rehospitalization due to heart fail-
ure, and all-cause mortality at 1 year; in-stent thrombosis
(<24 h; 1-30 days; 1-12 months); and the evaluation of myo-
cardial reperfusion with the resolution of elevated ST-
segment and incidence of no reflow at 2 hours, 24 hours, and
7 days after reperfusion therapy. ST-segment resolution was
calculated as the difference value of ST-segment elevation in
the most elevated lead in ECG (mean value of 3 ST consecu-
tive cardiac cycles) betweenbaselineandpostreperfusion time
points (2hours, 24hours, or 7days).Myocardial no reflowwas
defined as ST-segment resolution of 50% or less of baseline
at 2 hours after reperfusion therapy or 75% or less of base-
line at 24 hours or 7 days after reperfusion therapy. All end
point events were reviewed by an independent clinical
end point committee (see section 1.2 in Supplement 2),
whose members were blinded to the research group assign-
ments. Definitions for each outcome are listed in section 1.3
of Supplement 2.

Statistical Analysis
Assuming a 30-day MACCE rate of 9% in the placebo group
and 6.3% in the Tongxinluo group based on previous reports

Figure 1. Population Included in the CTS-AMI Study

4094 Patients with suspected STEMIa

297 Excluded
159 Did not meet inclusion criteria
138 Declined to participate

10 Excluded (did not take placebo)10 Excluded (did not take Tongxinluo)

7 Excluded
5 Medication compliance rate <80%
2 Did not complete 30-d follow-up

15 Excluded
6 Medication compliance rate <80%

1 Mechanical complication at enrollment

4 Did not complete 30-d follow-up
4 Did not have ST-segment elevation

≥0.2 mV or new LBBB at enrollment

3797 Randomized

1881 Included in the per-protocol analysis

1898 Randomized to the placebo
group (ITT analysis)

1899 Randomized to the Tongxinluo
group (ITT analysis)

1874 Included in the per-protocol analysis

1888 Included in the primary analysis1889 Included in the primary analysis

CTS-AMI indicates China Tongxinluo Study for Myocardial Protection in Patients
With Acute Myocardial Infarction; ITT, intention to treat; LBBB, left
bundle-branch block; and STEMI, ST-segment elevationmyocardial infarction.
a Due to the emergent circumstances surrounding patient enrollment and

randomization amid the COVID-19 pandemic, screening logs were only
available in 82 of 124 sites. As a result, the exact number of potentially eligible
patients screened were not known, but it was estimated to be around
50 patients per site in sites with complete screening logs.
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Table 1. Baseline Characteristics of the Study Population

No. (%)

Tongxinluo (n = 1889) Placebo (n = 1888)
Baseline characteristics

Age, mean (SD), y 61.4 (12.1) 61.5 (12.1)

Age group

<60 y 807 (42.7) 795 (42.1)

60-75 y 850 (45.0) 859 (45.5)

>75 y 232 (12.3) 234 (12.4)

Sex

Male 1456 (77.1) 1448 (76.7)

Female 433 (22.9) 440 (23.3)

Body mass index, mean (SD)a 24.5 (3.0) 24.5 (3.0)

Risk factors

Hypertension 948 (50.2) 959 (50.8)

Current smoking 828 (43.8) 790 (41.8)

Dyslipidemia 454 (24.0) 452 (23.9)

Diabetes 418 (22.1) 398 (21.1)

Medical history

Angina pectoris 513 (27.2) 537 (28.4)

Stroke 174 (9.2) 187 (9.9)

Revascularization therapy 98 (5.2) 108 (5.7)

PCI 96 (5.1) 105 (5.6)

CABG 3 (0.2) 4 (0.2)

Myocardial infarction 88 (4.7) 111 (5.9)

Heart failure 10 (0.5) 12 (0.6)

Presentation features

Onset-to-arrival time, median (IQR), h 2.7 (1.4-5.2) 2.9 (1.5-5.3)

<6 1485 (78.6) 1473 (78.0)

6-12 277 (14.7) 276 (14.6)

>12 127 (6.7) 139 (7.4)

Systolic blood pressure, mean (SD), mm Hg 131.5 (24.6) 132.4 (24.2)

<90 mm Hg 56 (3.0) 46 (2.4)

≥140 mm Hg 680 (36.0) 683 (36.2)

Diastolic blood pressure, mean (SD), mm Hg 81.9 (16.0) 81.8 (16.0)

<60 mm Hg 108 (5.7) 108 (5.7)

≥90 mm Hg 576 (30.5) 592 (31.4)

Heart rate, mean (SD), beats/min 75.2 (16.9) 75.6 (17.1)

Infarct location

Anterior 794 (42.0) 809 (42.8)

Inferior 737 (39.0) 759 (40.2)

Lateral 47 (2.5) 28 (1.5)

Posterior 7 (0.4) 8 (0.4)

Otherb 304 (16.1) 284 (15.0)

Killip class at admissionc

I (None) 1715 (90.8) 1708 (90.5)

II 133 (7.0) 135 (7.2)

III 14 (0.7) 21 (1.1)

IV (Cardiogenic shock) 27 (1.4) 24 (1.3)

Arrhythmia detected by ECG or telemetry monitor on admission
and prior to intervention

Ventricular tachycardia 12 (0.6) 5 (0.3)

Ventricular fibrillation 23 (1.2) 18 (1.0)

New-onset atrial fibrillation/flutter 35 (1.9) 24 (1.3)

Second- (type 2) or third-degree AV block 37 (2.0) 36 (1.9)

(continued)
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and an estimated dropout rate of 20%,19,22,23 a total of 1898
patients would be required in each group (80% power,
2-sided α = .05 and β = 0.20). The Kolmogorov-Smirnov
test was used to evaluate the distribution of continuous vari-
ables. Continuous variables were presented as means (SDs)
or medians (IQRs), and intergroup comparisons were per-
formed using the 2-tailed t test or Mann-Whitney U test,
as appropriate. Categorical variables were analyzed using χ2

test or Fisher exact test and were presented as frequencies
and percentages.

We reported the incidence rate of 30-day MACCEs (pri-
mary end point) for each group, along with adjusted risk ra-
tios (RRs) and risk differences (RDs) using a Cochran-Mantel-
Haenszel test, considering center as a randomization
stratification factor. Similarmethodswere also used for other
30-dayendpointsbetweentheTongxinluoandplacebogroups.
In addition, we used forest plots to assess treatment hetero-
geneity of 30-dayMACCEs for prespecified subgroups (SAP in
Supplement 1). Exploratory subgroup analysis was per-
formed based on onset-to-arrival time (≤12 hours, >12 hours)
and serum creatinine level at admission (≤0.5 or >0.5 upper
limit of normal). For 1-year end points, we compared
Tongxinluo and placebo groups using Cox proportional haz-
ardmodel and reported adjustedhazard ratios (HRs) andRDs.
Aposthoc landmarkanalysiswasalsoperformedat the30-day
landmark point for the 1-year MACCEs. The incidences of
adverse events and serious adverse events were analyzed
andcomparedbetween the2groupsusing the χ2 test or Fisher
exact test.

The primary analysis included all randomized partici-
pants except for those who had not taken the study drugs af-
ter randomization or did not have any data after randomiza-
tion (n = 10 in theTongxinluo group andn = 10 in theplacebo
group).24 We also performed analyses in the intention-to-
treat (all randomized participants) and per-protocol (exclud-
ing those who had major protocol deviation[s], did not com-
plete30-dayfollow-up,ordidnotcomplete thepre-setminimal
exposure to the assigned study drug [at least 80% adher-
ence]) populations. According to the prespecified SAP, miss-

ing values in the primary end point of 30-day MACCEs were
imputed as having an event prior to unblinding. Sensitivity
analyseswere alsoperformedby imputingmissingvalue tono
event in both theTongxinluo andplacebo groups or imputing
to event in the Tongxinluo group but no event in the placebo
group as the most conservative approach.

A 2-sided P < .05 was considered statistically significant
unless otherwise specified. Statistical analyses were per-
formed using SAS software, version 9.4 (SAS Institute) by
PekingUniversityClinicalResearch Institute.Fulldetailsof the
statistical methods are available in the SAP in Supplement 1.
Additionally, study data were reanalyzed by an independent
third-party company (Tigermed) to double-check the results
of this trial (see section 1.4 in Supplement 2).

Results
BetweenMay 23, 2019, andDecember 8, 2020, a total of 3797
patientswere enrolled from 124 hospitals in China,with 1899
patients assigned to theTongxinluogroupand 1898 to thepla-
cebogroup(intention-to-treatanalysis,Figure 1).Amongthem,
20patients didnot take the studydrugs (10 in theTongxinluo
and 10 in the placebo group), leaving 3777 patients (1889 in
the Tongxinluo group and 1888 in the placebo group) for the
primary analysis. A total of 22 patients (15 in the Tongxinluo
and7 in theplacebo group)were excluded from the confirma-
tory per-protocol analysis. Among them, 4 patients in the
Tongxinluo and 2 in the placebo group did not complete 30-
day follow-up. According to the SAP, these patients’ primary
endpoint of 30-dayMACCEswere imputedashaving anevent
in the primary analysis population. The last date of follow-up
was December 15, 2021.

Characteristics and CareManagement of Patients
Both the Tongxinluo and placebo groups were well balanced
with respect to patient baseline characteristics and care
details (Tables 1 and 2). The mean age of participants was
61 years and 76.9% were male. Most patients had lower

Table 1. Baseline Characteristics of the Study Population (continued)

No. (%)

Tongxinluo (n = 1889) Placebo (n = 1888)
LVEF assessed after randomization, reperfusion, or medical therapy,
median (IQR), %

57.0 (51.0-61.0) [n = 1751] 56.0 (50.1-61.0) [n = 1721]

CK-MB peak level in the first 24 h, median (IQR), U/L 91.3 (37.2-179.1) [n = 1535] 92.0 (38.0-180.4) [n = 1543]

Hospital characteristicsd

Province level 233 (12.3) 248 (13.1)

Prefecture level 1121 (59.3) 1115 (59.1)

County level 535 (28.3) 525 (27.8)

Abbreviations: AV, atrioventricular; CABG, coronary artery bypass grafting;
CK-MB, creatine kinase-MB; ECG, electrocardiogram; IQR, interquartile range;
LVEF, left ventricular ejection fraction; PCI, percutaneous coronary
intervention.
a Calculated as weight in kilograms divided by height in meters squared.
b Including those who havemore than 1 infarction location, as shown by ECG.
c Killip class I indicates no clinical signs of heart failure (free of rales and a third
heart sound [S3]); II, rales in the lungs, but only to a mild to moderate degree

(<50% of lung fields), andmay or may not have an S3; III, rales in more than
half of each lung field or have pulmonary edema; and IV, cardiogenic shock.

dA province-level hospital is similar to a tertiary hospital in the US that is a
comprehensive, referral hospital serving as a hub to all regions in the province.
A prefecture-level hospital is similar to a large regional hospital in the US
providing comprehensive health services on a regional basis. A county-level
hospital is the one affiliated with a county and contains much fewer beds and
resources than a prefecture- or province-level hospital.
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Table 2. CareManagement of the Study Population

No. (%)
Tongxinluo (n = 1889) Placebo (n = 1888)

Medications during hospitalization
P2Y12 receptor inhibitors 1881 (99.6) 1876 (99.4)

Ticagrelor 1286 (68.1) 1287 (68.2)
Clopidogrel 595 (31.5) 589 (31.2)

Aspirin 1879 (99.5) 1873 (99.2)
Statins 1824 (96.6) 1811 (95.9)
Nitrates 1441 (76.3) 1431 (75.8)
β-Blockers 1205 (63.8) 1201 (63.6)
ACEIs or ARBs (ARNI included) 1028 (54.4) 1082 (57.3)
Diuretics (excluding spironolactone) 523 (27.7) 532 (28.2)
Spironolactone 418 (22.1) 416 (22.0)
SGLT2 inhibitors 37 (2.0) 23 (1.2)

Procedural details
Coronary angiography 1730 (91.6) 1680 (89.0)

No. of vessels with substantial stenosis (≥50%)
1 611 (35.3) 542 (32.3)
2 452 (26.1) 488 (29.1)
3 659 (38.1) 642 (38.2)
Left main coronary artery 8 (0.5) 8 (0.5)

Infarct-related coronary artery
Left anterior descending 803 (46.4) 770 (45.8)
Left main coronary 8 (0.5) 15 (0.9)
Other 919 (53.1) 896 (53.3)

Reperfusion therapy 1656 (87.7) 1629 (86.3)
Primary PCI 1560 (82.6) 1504 (79.7)

Symptom-to-balloon time, median (IQR), h 4.2 (2.7-7.1) 4.3 (2.8-7.1)
Door-to-balloon time, median (IQR), min 76 (55-110) 75 (55-110)
Stenting of culprit lesion by primary PCI 1488 (95.4) 1415 (94.1)
TIMI flow grade before PCI

0/1 1221/1485 (82.2) 1168/1411 (82.8)
2 120/1485 (8.1) 107/1411 (7.6)
3 144/1485 (9.7) 136/1411 (9.6)

TIMI flow grade after PCI
0/1 0 6 (0.4)
2 0 1 (0.1)
3 1485/1485 (100) 1404/1411 (99.5)

Thrombolysis 95 (5.0) 123 (6.5)
Symptom-to-needle time, median (IQR), h 2.8 (1.9-5.2) 3.3 (2.0-4.8)
Door-to-needle time, median (IQR), min 44 (31-73) [n = 93] 55 (30-89) [n = 118]
Thrombolysis + rescue PCI 52 (54.7) 68 (55.3)
CABG 1 (0.1) 2 (0.1)

Elective PCI before discharge 189 (10.0) 221 (11.7)
Discharge medications

P2Y12 receptor inhibitors 1787 (94.6) 1760 (93.2)
Ticagrelor 1018 (53.9) 1014 (53.7)
Clopidogrel 769 (40.7) 746 (39.5)

Aspirin 1784 (94.4) 1757 (93.1)
Statins 1758 (93.1) 1726 (91.4)
β-Blockers 1096 (58.0) 1057 (56.0)
ACEIs or ARBs (ARNI included) 918 (48.6) 955 (50.6)
Nitrates 768 (40.7) 727 (38.5)
Spironolactone 305 (16.2) 303 (16.1)
Diuretics (excluding spironolactone) 298 (15.8) 288 (15.3)
SGLT2 inhibitors 37 (2.0) 23 (1.2)

Length of hospital stay, median (IQR), d 9 (8-12) 9 (7-12)

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors;
ARBs, angiotensin II receptor blockers; ARNI, angiotensin receptor–neprilysin
inhibitor; CABG, coronary artery bypass grafting; PCI, percutaneous coronary

intervention; SGLT2, sodium-glucose cotransporter 2; TIMI, Thrombolysis in
Myocardial Infarction.
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Killip class at admission (class I: 90.6%; class II: 7.1%). Nearly
all patients received aspirin, P2Y12 receptor inhibitors, and
statins, while less than two-thirds of patients received

β-blockers and about half of patients received angiotensin-
converting enzyme inhibitors (ACEIs)/angiotensin II receptor
blockers (ARBs) during hospitalization (Table 2). These

Table 3. Primary and Secondary Outcomes

Outcome

No. (%)

RD (95% CI), % RRa or HRb (95% CI) P valueTongxinluo (n = 1889) Placebo (n = 1888)
Primary outcome

30-d MACCEsc 64 (3.4) 99 (5.2) −1.8 (−3.2 to −0.6) 0.64 (0.47 to 0.88) .006

Secondary outcomes

Individual components of 30-d MACCEs

Cardiac death 56 (3.0) 80 (4.2) −1.2 (−2.5 to −0.1) 0.70 (0.50 to 0.99) .04

Myocardial reinfarction 0 9 (0.5) −0.5 (−0.8 to −0.2) 0.35 (0.13 to 0.99) .003

Emergent coronary revascularization 0 0

Stroke 4 (0.2) 9 (0.5) −0.3 (−0.7 to 0.1) 0.44 (0.14 to 1.43) .16

30-d Severe STEMI complications 221 (11.8) 277 (14.8) −3.0 (−5.2 to −0.8) 0.80 (0.68 to 0.94) .008

Cardiogenic shock 44 (2.4) 61 (3.3) −0.9 (−2.0 to 0.1) 0.71 (0.48 to 1.05) .08

Acute left-sided heart failure 42 (2.3) 43 (2.4) −0.1 (−1.1 to 0.9) 1.06 (0.70 to 1.60) .78

Malignant arrhythmias 144 (7.8) 186 (10.2) −2.4 (−4.2 to −0.5) 0.77 (0.62 to 0.94) .01

Mechanical complications 10 (0.5) 13 (0.7) −0.2 (−0.7 to 0.3) 0.77 (0.34 to 1.75) .53

30-d Major bleeding 8 (0.4) 13 (0.7) −0.3 (−0.8 to 0.2) 0.58 (0.24 to 1.43) .23

1-y Major bleeding 13 (0.7) 19 (1.0) −0.3 (−0.9 to 0.3) 0.66 (0.32 to 1.35) .25

1-y MACCEs 100 (5.3) 157 (8.3) −3.0 (−4.6 to −1.4) 0.64 (0.49 to 0.82) <.001

Cardiac death 85 (4.5) 116 (6.1) −1.6 (−3.1 to −0.2) 0.73 (0.55 to 0.97) .03

Myocardial reinfarction 6 (0.3) 21 (1.1) −0.8 (−1.3 to −0.3) 0.26 (0.10 to 0.67) .005

Emergent coronary revascularization 0 0

Stroke 10 (0.5) 24 (1.3) −0.8 (−1.3 to −0.1) 0.44 (0.21 to 0.92) .03

1-y Rehospitalization due to heart failure 16 (0.9) 35 (1.9) −1.0 (−1.7 to −0.3) 0.48 (0.26 to 0.87) .02

1-y All-cause death 97 (5.1) 124 (6.6) −1.5 (−2.9 to 0.1) 0.77 (0.59 to 1.01) .06

In-stent thrombosis 10 (0.5) 11 (0.6) −0.1 (−0.5 to 0.4) 0.96 (0.40 to 2.27) .92

Acute: <24 h 0 0

Subacute: 1-30 d 2 (0.1) 3 (0.2) −0.1 (−0.3 to 0.2) 0.59 (0.09 to 3.94) .59

Late: 1-12 mo 8 (0.4) 8 (0.4) −0.0 (−0.4 to 0.4) 1.09 (0.41 to 2.86) .87

ST-segment resolution, mVd

2 h after reperfusion therapy

Mean (SD) −0.21 (0.19) −0.21 (0.19) 0.00 (−0.01 to 0.01)

Median (IQR) −0.20 (−0.30 to −0.10) −0.20 (−0.30 to −0.10) .90

24 h after reperfusion therapy

Mean (SD) −0.26 (0.19) −0.24 (0.19) −0.02 (−0.03 to −0.01)

Median (IQR) −0.20 (−0.30 to −0.15) −0.20 (−0.30 to −0.10) .01

7 d after reperfusion therapy

Mean (SD) −0.30 (0.19) −0.30 (0.19) 0.00 (−0.01 to 0.02)

Median (IQR) −0.20 (−0.40 to −0.20) −0.25 (−0.40 to −0.20) .38

Myocardial no reflow in ECG

2 h after reperfusion therapy 418 (27.8) 402 (27.4) 0.4 (−2.8 to 3.6) 1.01 (0.90 to 1.13) .90

24 h after reperfusion therapy 664 (45.2) 678 (48.1) −2.9 (−6.5 to 0.8) 0.93 (0.86 to 1.01) .08

7 d after reperfusion therapy 356 (27.9) 349 (27.7) 0.2 (−3.3 to 3.6) 1.00 (0.89 to 1.14) .95

Abbreviations: ECG, electrocardiogram; HR, hazard ratio; MACCEs, major
adverse cardiac and cerebrovascular events; RD, risk difference; RR, relative
risk; STEMI, ST-segment elevationmyocardial infarction.
a RR for 30-day outcomes.
bHR for 1-year outcomes.
c According to the prespecified statistical analysis plan, 4 patients in the
Tongxinluo group and 2 patients in the placebo group who did not complete
30-day follow-up with missing value in the primary end point of 30-day
MACCEs were imputed as having an event. MACCEs are a composite of

cardiac death, myocardial reinfarction, emergent coronary revascularization,
and stroke.

d ST-segment resolution was calculated as the difference value of ST-segment
elevation in themost elevated lead in ECG (mean value of 3 ST consecutive
cardiac cycles) between baseline and postreperfusion time points (2 hours, 24
hours, or 7 days). Myocardial no reflowwas defined as ST-segment resolution
�50% of baseline at 2 hours after reperfusion therapy or �75% of baseline at
24 hours or at 7 days after reperfusion therapy.
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Figure 2. Subgroup Analysis for the Primary End Point of 30-DayMajor Adverse Cardiac and Cerebrovascular Events

P value
P value for
interaction

Favors
Tongxinluo

Favors
placebo

No. of events/ total No.

Tongxinluo PlaceboSubgroup

Age, y

Risk ratio
(95% CI)

.097/807 17/795<60 0.48 (0.21-1.13)

.6629/232 35/234>75 0.93 (0.57-1.51)

.04 .1528/850 47/85960-75 0.60 (0.37-0.99)

Sex
.0238/1456 59/1448Male 0.61 (0.40-0.93)
.0826/433 40/440Female 0.62 (0.36-1.06)

BMI
.0262/1684 91/1674<28 0.68 (0.49-0.94)
.262/205 8/214≥28 0.38 (0.05-2.71)

Diabetes
.0613/418 23/398Yes 0.51 (0.24-1.08)
.0751/1471 76/1490No 0.72 (0.50-1.04)

Hypertension
.1238/948 54/959Yes 0.73 (0.48-1.10)
.0326/941 45/929No 0.58 (0.35-0.95)

Dyslipidemia
.257/454 15/452Yes 0.57 (0.22-1.49)
.0357/1435 84/1436No 0.70 (0.50-0.98)

Current smoking
.2020/828 27/790Yes 0.70 (0.40-1.22)
.0244/1061 72/1098No 0.64 (0.44-0.94)

Previous PCI
.102/96 5/105Yes 0.43 (0.08-2.18)
.0162/1793 94/1783No 0.66 (0.48-0.91)

Anterior myocardial infarction
.0138/905 63/913Yes 0.59 (0.39-0.89)
.1226/984 36/975No 0.68 (0.40-1.14)

Reperfusion therapy
.0651/1656 71/1629Yes 0.71 (0.49-1.02)
.0213/233 28/259No 0.45 (0.22-0.89)
.054/95 14/123Thrombolysis 0.32 (0.10-1.08)
.2847/1560 57/1504PPCI 0.80 (0.54-1.19)

Statins
.0950/1824 67/1811Yes 0.72 (0.50-1.04)
.5514/65 32/77No 0.79 (0.41-1.53)

Nitrates
.0545/1441 65/1431Yes 0.69 (0.47-1.01)
.1319/448 34/457No 0.67 (0.37-1.18)

β-Blockers
.0227/1205 46/1201Yes 0.56 (0.34-0.93)
.2337/684 53/687No 0.80 (0.51-1.19)

ARBs/ACEIs/ARNI
.4215/962 24/989Yes 0.77 (0.40-1.48)
.0149/927 75/899No 0.62 (0.43-0.90)

Diuretics (excluding spironolactone)
.0126/523 47/532Yes 0.54 (0.33-0.87)
.1538/1366 52/1356No 0.73 (0.48-1.02)

Spironolactone
.2617/418 24/416Yes 0.70 (0.38-1.29)
.0247/1471 75/1472No 0.66 (0.45-0.95)

Killip class at admission
<.0152/1848 86/1843I and II 0.60 (0.42-0.84)
.6112/41 13/45III and IV 0.82 (0.24-2.87)

Infarct-related artery
.1033/803 45/770LAD 0.67 (0.42-1.06)
.4121/919 24/896Non-LAD 0.79 (0.43-1.43)

Hospital level
.044/233 13/248Provincial 0.34 (0.12-0.98)
.0360/1656 86/1640Prefecture/county 0.69 (0.49-0.96)

Onset-to-arrival time, h
.0242/1485 67/1473<6 0.64 (0.43-0.94)
.12 .7815/277 23/2766-12 0.52 (0.23-1.19)
.517/127 9/139>12 0.68 (0.21-2.24)

<.01Overall 0.64 (0.47-0.88)
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Risk ratio (95% CI)

Killip classes are defined in footnote c of Table 1. P2Y12 receptor inhibitors, aspirin,
statins, nitrates, β-blockers, angiotensin II receptor blockers (ARBs)/angiotensin-
converting enzyme inhibitors (ACEIs)/angiotensin receptor–neprilysin inhibitor
(ARNI), diuretics, and spironolactone refer tomedication during hospitalization.

Because of the small numbers and/orwide CIs, prespecified subgroup analyses
were not presented according to previous heart failure, previousmyocardial
infarction, receiving aspirin, or P2Y12 receptor inhibitors. The benefit of Tongxinluo
was similar across all these prespecified subgroups.
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numbers were even lower at discharge (Table 2, 57.0% for
β-blockers and 49.6% for ACEIs/ARBs; and eTable 2 in
Supplement 3), suggesting potential underuse of guideline-
directed medical therapy. Reperfusion therapy was per-
formed in 87.0% of patients, among which 81.1% were pri-
mary PCI and 5.8% were thrombolysis. Elective PCI was
performed on 10.9% of patients before discharge. The
median length of hospital stay was 9 days (IQR, 8-12).

Primary and Secondary Outcomes
In the primary analysis population, the primary endpoint oc-
curred in64patients (3.4%) in theTongxinluo groupvs99pa-
tients (5.2%) in the placebo group (RR, 0.64 [95% CI, 0.47 to
0.88]; RD, −1.8% [95% CI, −3.2% to −0.6%]) (Table 3). Indi-
vidual components of the primary end point, including 30-
day cardiac death (56 [3.0%] vs 80 [4.2%]; RR, 0.70 [95% CI,
0.50 to 0.99]; RD, −1.2% [95% CI, −2.5% to −0.1%]) andmyo-
cardial reinfarction (0 [0%]vs9 [0.5%]; RR,0.35 [95%CI, 0.13
to 0.99]; RD, −0.5% [95% CI, −0.8% to −0.2%]) were signifi-
cantly lower in the Tongxinluo group. There was no statisti-
cally significantdifference in the30-daystroke rate.Therewas
noemergent coronary revascularizationwithin30days inboth

groups.Thebenefit ofTongxinluo in30-dayMACCEswassimi-
lar across all prespecifiedandexploratory subgroups (Figure2;
eFigure in Supplement 3). Similar results were also found in
the intention-to-treat andper-protocol analyses (eTables3and
4 in Supplement 3), and further confirmed in the sensitivity
analyses of imputation of missing 30-day MACCE values
(eTable 5 inSupplement 3).Additionally, 30-day severeSTEMI
complications also favored Tongxinluo (221 [11.8%] vs 277
[14.8%]; RR, 0.80 [95% CI, 0.68 to 0.94]; RD, −3.0% [95% CI,
−5.2% to −0.8%]) (Table 3).

Ascomparedwiththeplacebogroup, theTongxinluogroup
also had a lower 1-yearMACCE rate (100 [5.3%] vs 157 [8.3%];
HR, 0.64 [95%CI, 0.49 to 0.82]; RD, −3.0% [95%CI, −4.6% to
−1.4%]) (Table 3 and Figure 3), with a significant reduction as
well after the 30-day landmark point (HR, 0.65 [95% CI, 0.44
to 0.97]; Figure 4). Riskswere also decreased for themajority
of individual components of MACCEs, including 1-year car-
diac death (85 [4.5%] vs 116 [6.1%]; HR, 0.73 [95% CI, 0.55 to
0.97]; RD, −1.6% [95% CI, −3.1% to −0.2%]), myocardial rein-
farction (6 [0.3%] vs 21 [1.1%];HR,0.26 [95%CI, 0.10 to0.67];
RD, −0.8% [95% CI, −1.3% to −0.3%]), and stroke (10 [0.5%]
vs 24 [1.3%]; HR, 0.44 [95% CI, 0.21 to 0.92]; RD, −0.8%

Figure 3. Kaplan-Meier Curves for 1-YearMajor Adverse Cardiac and Cerebrovascular Events (MACCEs) and Individual Components ofMACCEs
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[95% CI, −1.3% to −0.1%]) (Table 3 and Figure 3). There were
no statistically significant differences inmajor bleeding at 30
days (8 [0.4%] vs 13 [0.7%]; RR, 0.58 [95% CI, 0.24 to 1.43];
RD, −0.3% [95% CI, −0.8% to 0.2%]) and 1 year (13 [0.7%] vs
19 [1.0%]; HR, 0.66 [95%CI, 0.32 to 1.35]; RD, −0.3% [95%CI,
−0.9% to 0.3%]). In addition, Tongxinluo reduced 1-year re-
hospitalizationdue toheart failure (16 [0.9%]vs 35 [1.9%];HR,
0.48 [95% CI, 0.26 to 0.87]; RD, −1.0% [95% CI, −1.7% to
−0.3%]). There was no statistically significant difference in
1-year all-cause mortality (97 [5.1%] vs 124 [6.6%]; HR, 0.77
[95%CI, 0.59 to 1.01]; RD, −1.5% [95%CI, −2.9% to0.1%]). The
rates of stent thrombosis were not significantly different be-
tween the groups.

Among 3285 patients (87.0%) who received reperfusion
therapy, themean (SD) ST-segment resolutionof the leadwith
maximal ST-segment elevation was more prominent in the
Tongxinluo group (−0.26 [0.19] mV) than that in the placebo
group (−0.24 [0.19]mV) at 24-hour reperfusion (mean differ-
ence,−0.02mV[95%CI,−0.03 to−0.01mV];P = .01) (Table 3).
There were no statistically significant differences in ST-
segment resolution at 2 hours and 7 days and myocardial no
reflow as defined as ST-segment resolution of 50%or less at 2
hours or 75% or less at 24 hours or 7 days.

Adverse Events
Nonfatal serious adverse events occurred in41patients (2.2%)
in the Tongxinluo group and 52 (2.8%) in the placebo group
(P = .25). Compared with the placebo group, the Tongxinluo
grouphadmore adversedrug reactions (40 [2.1%]vs 21 [1.1%];
P = .02), mainly driven by symptoms in the digestive system
such as stomachdiscomfort andnausea. The adverse drug re-
actions that required treatment occurred in 9 patients (0.5%)
in the Tongxinluo group and 8 patients (0.4%) in the placebo
group, respectively (P > .99). Specific adverse events are listed
in eTable 6 in Supplement 3.

Discussion

In this randomizedclinical trialofChinesepatientswithSTEMI,
Tongxinluo as an adjunctive therapy in addition to guideline-
directed treatments reduced the primary end point of 30-day
MACCEs, aswell as secondaryoutcomesof cardiacdeath,myo-
cardial reinfarction, and severe STEMI complications at 30
days.These clinical benefitspersistedat 1-year follow-up,with
nosignificantdifference inmajorbleedingandadverseevents.
Further research is needed todetermine themechanismof ac-
tion of Tongxinluo in STEMI.

Tongxinluo,whichmeans“toopen(tong) thenetwork (luo)
of the heart (xin),” was approved for angina pectoris and is-
chemic stroke in China in 1996.4 Although its safety and effi-
cacy were not fully evaluated prior to its approval, a number
of preclinical studies and a small mechanistic trial have been
conducted. Tongxinluo has been shown to promote myocar-
dialmicrovascularperfusionand reducemyocardial ischemic/
reperfusion injury through the protection of endotheliocytes
and cardiomyocytes from ischemic/reperfusion–induced
death.10-18,25Furthermore,Tongxinluomayalso stabilize coro-
nary vulnerable plaques and retard their progression bymiti-
gating intraplaque inflammation and neovascularization.26

Further evidence was also provided by the Carotid Artery
Plaque InterventionWithTongxinluoCapsule (CAPITAL)Trial,
showing that Tongxinluo could stabilize artery plaques, re-
duce major cardiovascular events, and delay the time to first
event.27 The current study was the first large, randomized,
double-blind, placebo-controlled,multicenter clinical trial to
evaluate the efficacy and safety of Tongxinluo as an adjunc-
tive treatment of guideline-directed therapies (including pri-
mary PCI) in community-based Chinese patients with STEMI
and foundTongxinluo improvedboth 30-day and 1-year clini-
cal outcomes.

Traditional Chinesemedicine,with its unique theory and
practice, is often questioned for no basis in modern science,
lack of identified active component, and no objective and/or
quantitative evaluation criteria for its safety andefficacy.28As
of today, there are only a few clinical trials that have evalu-
ated the clinical benefit of traditional Chinesemedicine.28 Yet
these trials are often limited due to small sample sizes, use of
surrogate end points, unclear blinding methods, and diverse
outcomes reported.19,28Unlikemost traditionalChinesemedi-
cine research with relatively low level of evidence, the cur-
rent study design incorporated all key elements of random-
ized clinical trials, including randomization, placebo control,
blinding,prespecifiedoutcomemeasuresandSAP,andblinded
clinical endpoint committee adjudication. In addition, theda-
tabase and analyseswere independently validated by a third-
party analytical center. Therefore, the current studymayserve
as a model for future clinical trials to evaluate the safety and
efficacy of traditional Chinese medicine.

Limitations
This study has some limitations. First, the Tongxinluo cap-
sule is a traditional Chinese medicine compound of multi-
ple plant and insect products. Despite the clinical benefit

Figure 4. Post Hoc Landmark Analysis at 30-Day Point for 1-Year
Major Adverse Cardiac and Cerebrovascular Events (MACCEs)
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demonstrated in this trial, the active ingredient(s) and the ex-
actmechanismofactionremaintobeestablished.Second,phy-
sicians were instructed to provide guideline-recommended
medical therapy.However, β-blockerswereprescribed to64%
of the patients and ACEIs or ARBs were prescribed to 51% to
52% of patients during hospitalization. The utilization rates
wereeven loweratdischarge.Thesuboptimaluseofguideline-
directed medical therapy, which is expected to reduce mor-
tality, could affect themagnitudeof thebenefit ofTongxinluo.
Third, likely due to the COVID-19 pandemic and physicians’
concernover the efficacy and safetyofTongxinluo,more than
90%ofpatientswerepresentingwithKillip class I,whichmay
have explained the lower rates of MACCEs and STEMI com-
plications. While this limitation is partially overcome by the
subgroupanalysis showingconsistent resultsacrossKillipclass,
the efficacy of Tongxinluo in patients with higher-risk pro-

files needs to be evaluated further. Fourth, patient adherence
with the therapy (maintenance dose of 4 capsules, 3 times
a day) may be lower outside the clinical trial setting. Fifth,
because the patients in this trial were all Chinese, the gener-
alizability needs to be further evaluated in other populations,
especially in countries with better adherence to guideline-
directed medical therapy.

Conclusions
Among patients with STEMI, the Chinese patent medicine
Tongxinluo, as an adjunctive therapy in addition to STEMI
guideline-directed treatments, significantly improvedboth30-
day and 1-year clinical outcomes. Further research is needed
todetermine themechanismofactionofTongxinluo inSTEMI.
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