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ABSTRACT　
 
OBJECTIVE　 To investigate the effects of Tongmai Yangxin Pill (TMYXP) combined with metoprolol tartrate or metoprolol alone
for the treatment of premature ventricular complex (PVC) in patients with symptomatic frequent PVC.
 
METHODS　 A total of 584 patients with symptomatic frequent PVC were randomly assigned (in a 1:1 ratio) into two groups:
study group [n = 292, TMYXP (40 pills twice/day, orally) combined with metoprolol tartrate (25 mg twice/day, orally)] and con-
trol group [n = 292, metoprolol tartrate (25 mg twice/day, orally) plus placebo pill (40 pills twice/day, orally)]. The total treatment
period was eight weeks.
 
RESULTS　 After eight weeks of treatment, the total effective rate of reduction of PVC in the study group and the control group
were 76.4% and 51.4%, respectively (P < 0.001). TMYXP combined with metoprolol tartrate demonstrated a significantly greater
reduction of the frequency of PVCs compared with the metoprolol tartrate alone (−4537 times/24 h vs. −3013 times/24 h, P < 0.001).
The study group also showed a better result compared with the control group with respect to PVC related symptoms. In terms of
New York Heart Association classification improvement, the total effective rates were 21.9% in the study group and 12.4% in the
control group (P < 0.05). Both the study group and the control group exhibited improvements in echocardiographic indexes. Left
ventricular ejection fraction was significantly improved in the study group compared with the control group (P < 0.05). There was
no significant difference in the incidence of adverse events between the two groups.
 
CONCLUSIONS　 Compared with metoprolol tartrate alone, TMYXP combined with metoprolol tartrate could more effectively
reduce the frequency of PVC and alleviated PVC related symptoms, and improve cardiac function in patients with symptomatic
PVC.

 

 

P remature ventricular complex (PVC) is a
common type of arrhythmia, particularly
in patients with structural heart diseases.

It is often accompanied by symptoms such as pal-
pitation, chest tightness, dizziness, and fatigue, some
of the patients are highly symptomatic with impai-
red quality of life. Observational studies in general
populations have revealed that frequent PVCs are as-
sociated with substantial elevations of risk for sudden
cardiac death (SCD) and total cardiac death.[1] Seve-
ral studies have demonstrated an association between

frequent PVCs and potentially reversible cardiomy-
opathy.[2] Most clinical guidelines recommend beta-
blockers as initial treatment for frequent PVCs with
persistent symptoms, due to the tolerable safety pr-
ofile and effectiveness in treating ventricular arrhy-
thmia and reducing the risk of SCD.[2–4] The Cardiac
Arrhythmia Suppression Trial study showed that
sodium channel blockers can enhance post-myocar-
dial infarction mortality.[5] Commonly used antiar-
rhythmic drugs have adverse effects (AEs) on liver,
kidney, and thyroid function, most of these drugs
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are arrhythmogenic.[6,7] Catheter ablation can elim-
inate PVCs in 74%–100% of patients by selectively
inhibiting the reentrant excitation pathway.[8] The
application of an implantable cardioverter defibril-
lator greatly reduced the rate of sudden death in pati-
ents with high-risk ventricular tachycardia.[9] However,
these invasive therapies have strict indications, in
particular, catheter ablation of PVCs is recommended
for a small number of patients who remain sympto-
matic despite conservative treatment, as well as for
patients with very high PVC burdens associated
with the decline in left ventricular systolic function.[2]

In some hospitals within China, more than 10,000
daily PVCs is the indication for catheter ablation.[4]

Medication therapy, therefore, is used for the major-
ity of patients with symptomatic PVC. Conseque-
ntly, there is an unmet medical need to explore other
alternative treatment options with low toxicity and
good efficacy profiles for frequent PVCs and could
improve quality of life.

Although no terms are corresponding to “arrhy-
thmia” in traditional Chinese medicine (TCM), the
symptoms of arrhythmia are classified as “chest bi”
and “palpitation”. Arrhythmia is presumably defi-
ciency in origin and excess in superficiality; its or-
igin is the deficiency of “Qi”, “blood”, “Yin” and
“Yang”, whereas its superficiality is Qi stagnation,
blood stasis, and retention of water. Thus, clinical
manifestations are mostly a mixture of deficiency
and excess. According to clinical practice and the pub-
lished literature, TCM treatment of PVC has clear
clinical efficacy and is widely used.[10–12]

Tongmai Yangxin Pill (TMYXP) is a Chinese pat-
ent medicine developed over many years of clinical
practice. Previous research suggests that TMYXP
exhibits significant overall efficacy and improve-
ment of individual symptoms (e.g., chest tightness,
palpitations, shortness of breath, fatigue, and dizzi-
ness),[12–14] however, the data of which are mainly from
non-randomized controlled studies or small sample
size studies, and the reported endpoints varied in
different studies. Therefore, this multicenter, ran-
domized, parallel-controlled clinical study was con-
ducted to further investigate the effectiveness and
safety of TMYXP combined with metoprolol tartrate
compared with metoprolol tartrate alone for the trea-
tment of PVC. 

METHODS
 

Study Design and Population

This multicenter, randomized, double-blind, par-
allel-controlled clinical study was conducted in 21
sites in China. The study was approved by the Insti-
tutional Review Board of the lead site (Xuanwu Hos-
pital Capital Medical University, Beijing, China; Cli-
nical Trial Number: NCT05008250) and conducted
under the ethical principles of the Declaration of Hel-
sinki and all applicable laws and regulations. All the
patients have signed informed consent to particip-
ate in this trial.

Inclusion criteria were as follows: (1) aged 18–75
years, male or female; (2) PVC with comorbidity of
coronary heart disease (CHD) or without structural
heart disease, the PVC frequency was 3000–30,000
times/24 h, with constant symptoms, especially af-
fecting the quality of life; (3) PVC Lown grade II–IVA;
(4) New York Heart Association (NYHA) grade I or
II; (5) left ventricular ejection fraction (LVEF) ≥ 45%;
and (6) written informed consent to participate in
the trial. Exclusion criteria were as follows: (1) pres-
ence of bradyarrhythmia (< 50 beats/min), includ-
ing sick sinus syndrome and atrioventricular block
(second-degree or third-degree atrioventricular bl-
ock); (2) presence of severe respiratory dysfunction
or asthma; (3) poor peripheral circulation perfusion,
severe peripheral vascular diseases; (4) presence of
allergic constitution; (5) mental disorder; (6) ongo-
ing beta-blocker treatment or contraindications to
beta-blocker treatment; (7) pregnancy or lactation;
(8) presence of persistent ventricular tachycardia,
non-persistent ventricular tachycardia, and/or per-
sistent atrial fibrillation; (9) presence of severe PVC
requiring treatment with other antiarrhythmic treat-
ment; (10) presence of drug-induced, electrolyte dis-
order induced, or acid-base imbalance induced ar-
rhythmia; (11) presence of uncontrolled or severe
hypertension (e.g., grade ≥ 3 hypertension); (12) pre-
sence of uncontrolled diabetes mellitus; (13) pres-
ence of alanine aminotransferase or aspartate amin-
otransferase level ≥ 1.5-fold above the upper limit of
normal, blood urea nitrogen level ≥ 1.2-fold above
the upper limit of normal, and/or serum creatinine
above the upper limit of normal; and (14) participa-
tion in other clinical trials three months prior to the
this study. 
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Randomization and Intervention

After three days of screening, patients were ran-
domized to the study group or the control group in a
1:1 ratio. Stratified block randomization was used to
allocate patients, SAS statistical software, version 9.3
(SAS Institute, Inc., Cary, NC, USA) was used to gen-
erate a random number table. Patients and investi-
gators remained masked to the randomization assig-
nment for the duration of the study. Baseline data
were collected during the screening period; three
follow-up visits were conducted at week 2, week 4,
and week 8, respectively. Vital signs, physical exami-
nation and AEs data were collected at each visit. Ele-
ctrocardiography, echocardiography, and laborat-
ory test data were collected at baseline and final visit.
Twenty-four hour electrocardiography (Holter) was
conducted at baseline, week 4 and week 8, respect-
ively.

The study group received TMYXP (40 pills twice/
day, orally) combine with metoprolol tartrate (25 mg
twice/day, orally). The control group received met-
oprolol tartrate (25 mg twice/day, orally) plus plac-
ebo pill (40 pills twice/day, orally). Both groups rec-
eived treatment for eight weeks. Patients with coro-
nary disease took antiischemic therapy at the direc-
tion of investigators. 

Efficacy Endpoints

The primary efficacy endpoint was the total eff-
ective rate of reduction of PVC after eight weeks of
treatment. Effect on reduction of PVCs is defined as:
(1) clinical control: PVC decreased by ≥ 90% com-
pared with the baseline in Holter result; (2) marked
effective: PVC decreased by 70%–90% compared with
the baseline in Holter result; (3) effective: PMC de-
creased by 50%–69% compared with the baseline in
Holter result; and (4) non-effective: PVC decreased
by < 50% compared with the baseline in Holter res-
ult. The total effective rate was calculated as the com-
posite of clinical control, marked effective and ef-
fective.

Secondary efficacy endpoints were as follows: (1)
change in the number of PVCs per 24 h after treat-
ment; and (2) change in total symptom score, the
symptoms for this assessment included palpitation,
chest discomfort, insomnia, dizziness, fatigue and
breathlessness. Investigators finished PVC related
symptom score assessments. The frequency and in-

tensity of the symptoms were rated as none, mild, mo-
derate, or severe, which corresponded to symptom
scores of 0, 1, 2, and 3 points, respectively. Other
secondary endpoints include changes in NYHA clas-
sification, and changes in echocardiography para-
meters (i.e., LVEF, left ventricular end diastolic dim-
ension, E/A, cardiac index, cardiac output, and stroke
volume). 

Safety Assessment

Safety was investigated by examination of AEs,
abnormal laboratory test results, and abnormal fin-
dings in physical examinations. 

Statistical Analysis

This trial was designed based on the hypothesis
that TMYXP combine with metoprolol tartrate ther-
apy is superior to metoprolol tartrate alone in total eff-
ective rate of reduction of PVC after eight weeks of tre-
atment. Based on published data, the total effective
rate of reducing the number of PVCs/24 h at eight
weeks in the control group was estimated to be 70%.
Assuming a 10% increase in the total effective rate of
reducing the number of PVCs/24 h in the study group
and using an alpha-value of 0.05 and a beta-value of
0.2, the planned population of this study is 580 pa-
tients, with 290 patients in each group.

The full analysis set (FAS) was defined as all pa-
tients who received at least one dose of the study drug
and had any efficacy data. These patients were the
main population for efficacy analysis. The safety ana-
lysis set included all patients who received at least
one dose of the study drug and had any safety data. All
analyses were conducted using SAS statistical sof-
tware, version 9.3 (SAS Institute, Inc., Cary, NC, USA).
Statistical analysis was conducted using two-sided
tests, a P-value < 0.05 was considered statistically sig-
nificant.

For the total effective rate in reduction of PVCs, the
Pearson’s chi-squared test was used. Cochran-Man-
tel-Haenszel test with adjustment for site effect was
conducted to assess the between-group differences
regarding the effective rate in NYHA classification.
The change in the number of PVCs was compared
between the two groups by the Mann-Whitney U test.
To examine changes in total symptom score and echo-
cardiography parameters, an analysis of variance was
used. 
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RESULTS
 

Patient Characteristics

Patient disposition is summarized in Figure 1. A
total of 600 patients were originally screened for eli-
gibility for the study, 16 patients of whom did not
meet the inclusion criteria and were therefore not
evaluated further, leaving 584 patients (292 pati-
ents in the study group and 292 patients in the con-
trol group) recruited for both of the FAS and safety
analysis set. The mean age in the study group was
56 years (range: 18–76 years), and 56.8 years (range:
18–77 years) in the control group, while the median
age in the study group was 58 years, and 59 years in
the control group. There were no significant differ-
ences between the two groups in the baseline char-
acteristics (Table 1). 

Efficacy Results

Primary endpoints: after eight weeks of treatment,
in the FAS analysis, the total effective rate of the re-
duction of PVCs was significantly higher in the study
group (P < 0.001, Table 2). In the study group, 92 pa-

tients achieved “clinical control”, 71 patients achie-
ved “marked effective”, and 60 patients achieved
“effective”. A total of 223 patients are regarded as
effective and the total effective rate is 76.4%. In the
control group, only 150 patients are regarded as ef-
fective, with a total effective rate of 51.4%.

Secondary endpoints: after eight weeks of treat-
ment, in the FAS analysis, the numbers of PVCs/24
h decreased by −4537 in the study group and −3013
in the control group (P < 0.001, Table 3). A significant
decrease in the numbers of PVCs/24 h has been sh-
own in the study group at week 4. Results of other se-
condary endpoints are summarized in Table 4. Com-
pared with the control group, the total symptom score
was significantly improved in the study group at week
4 and week 8 (both P < 0.001). At baseline, the total
symptom score was 5.75 in the study group, and 5.48
in the control group. At week 4, the symptom score
was decreased by −2.76 in the study group, whereas
it decreased by −1.79 in the control group. At week 8,
the difference between groups was more significant
(−4.33 vs. −2.86). The total effective rate for NYHA
classification was 21.9% in the study group and 12.4%
in the control group (P = 0.004). After eight weeks of

 

Figure 1    Flow chart of patient recruitment and study completion.
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treatment, LVEF increased by 1.2% in the study gr-
oup and 0.21% in the control group, showing a sign-
ificant difference between the two groups (P = 0.040).

There was an increase in left ventricular end diastolic
dimension, cardiac index, cardiac output, and stroke
volume in both groups, without significant differ-

 

Table 1    Patient demographics and baseline characteristics: full analysis set.

Characteristics Study group (n = 292) Control group (n = 292) P-value
Age, yrs 56.0 ± 12.5 56.8 ± 12.0 0.409  

Female 155 (53.1%) 156 (53.4%) 0.934  

Han nationality 279 (95.5%) 284 (97.3%) 0.266  

Height, cm  166 ± 8       166 ± 8      0.637  

Weight, kg 66.7 ± 11.2 66.7 ± 10.4 0.922  

Heart rate, beats/min 74.8 ± 9.6   75.9 ± 9.2   0.166  

Systolic blood pressure, mmHg  127 ± 12     127 ± 13    0.644  

Diastolic blood pressure, mmHg 78.8 ± 8.6   79.5 ± 8.7   0.305  

Complications 123 (42.4%) 123 (42.1%) 0.943  

Outpatient 251 (86.0%) 258 (88.4%) 0.387  

Numbers of PVC/24 h 6481 (4526–11,168)* 6360 (4361–10,899)* 0.658  

Total PVC symptom score 5.75 ± 2.67 5.48 ± 2.52 0.202  

NYHA classification 0.173  

　Class I 199 (68.2%) 214 (73.3%)

　Class II 93 (31.8%) 78 (26.7%)

　Class III       0                 0          

　Class IV       0                 0          

Echocardiography parameters

　Left ventricular ejection fraction, % 62.8 ± 6.5   63.0 ± 7.4   0.657  

　Left ventricular end diastolic dimension, mm 49.5 ± 6.7   49.3 ± 7.9   0.703  

E/A ratio 0.205  

　< 1 168 (60.9%) 189 (68.0%)

　> 1 102 (37.0%) 83 (29.9%)

　= 1 6 (2.2%) 6 (2.2%)

Cardiac index 2.87 ± 0.76 2.86 ± 0.79 0.865  

Cardiac output, L/min 5.22 ± 1.42 5.16 ± 1.37 0.546  

Stroke volume, mL 71.6 ± 18.5 70.0 ± 17.4 0.299  

Data are presented as means ± SD or n (%). *Presented as median (interquartile range). NYHA: New York Heart Association; PVC: pre-
mature ventricular complex.
 

Table 2    Effective rate of improvement in 24 h premature ventricular complex: full analysis set.

Study group (n = 292) Control group (n = 292) Group difference (95% CI) P-value

Clinical control* 92 55

Marked effective** 71 45

Effective*** 60 50

Total effective rate 223 (76.4%) 150 (51.4%) 25.0 (17.5–32.5) < 0.001

Non-effective**** 69 142

*Referred to premature ventricular complex decreased by ≥ 90% compared with baseline in the Holter result. **Referred to premature
ventricular complex decreased by 70%–90% compared with baseline in the Holter result. ***Referred to premature ventricular complex
decreased by 50%–70% compared with baseline in the Holter result. ****Referred to premature ventricular complex decreased by < 50%
compared with baseline in the Holter result.
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ence between the two groups (P = 0.828, P = 0.912,
P = 0.733, and P = 0.940, respectively). 

Safety Results

A total of 76 AEs were reported, 37 AEs of which
occurred in the study group (AE incidence of 12.7%);
three of the 37 AEs were regarded as drug-related
(1.0%). 39 AEs occurred in the control group (AE in-
cidence of 13.4%); seven of the 39 AEs were rega-
rded as drug-related (2.4%). There was no statistical
significance in the incidences of AEs or drug-rela-
ted AEs between groups (both P > 0.05). No serious
AEs occurred in either group. Drug-related AEs in the
study group included dizziness, headache, nausea and
vomiting; drug-related AEs in the control group in-
cluded headache, nausea, diarrhea and stomachache. 

DISCUSSION

Antiarrhythmic medications are often categor-
ized by the Vaughan Williams 4-level schema, in this
system, metoprolol tartrate (a heart-selective beta-

blocker) is a class II antiarrhythmic medication that
decreases the ventricular rate of supraventricular
tachyarrhythmias by inhibition of atrioventricular
conduction. Beta-blockers are often first-line antiar-
rhythmic therapy and are recommended for the tre-
atment of PVC, because of the excellent safety pro-
file and effectiveness in treating ventricular arrhy-
thmia and reducing the risk of SCD.[3,15] However, the
efficacy of beta-blockers is limited, such that only 10%–
15% of patients achieve more than 90% PVC inhibi-
tion with this treatment.[16,17]

TMYXP is a Chinese patent medicine developed
over many years of clinical practice. The ingredients
of TMYXP include Radix Rehmanniae, Caulis Spat-
holobi, Polygonum Multiflorum, Colla Corii Asini,
Ophiopogonis, Tortoise Shell (vinegar), Radix Cod-
onopsis, Cassia Twig, Jujube, Schisandra Fruit, and
Licorice Root. It has the effect of invigorating Qi,
nourishing Yin, dredging the pulse, and relieving
pain. It is used in the treatment of Qi and Yin defi-
ciency syndromes caused by CHD, angina pectoris,
and arrhythmia. The results of previous research

 

Table 3    Improvement of 24 h PVC: full analysis set.

Study group (n = 292) Control group (n = 292) P-value

Change in 24 h PVC, week 4 −2533 (−4663–−1249)* −1895 (−3983–−621)* 0.010

Change in 24 h PVC, week 8 −4537 (−7801–−2918)* −3013 (−5542–−1170)* < 0.001

Decrease rate**, week 8 −0.63 ± 0.53 −0.42 ± 0.64 0.001

*Presented as median (interquartile range). **Referred to (24 h PVCpost-treatment – 24 h PVCbaseline)/24 h PVCbaseline. PVC: premature
ventricular complex.

 

Table 4    Results of other secondary endpoints: full analysis set.

Study group (n = 292) Control group (n = 292) P-value
NYHA improvement

　Effective* 58 (21.9%) 33 (12.4%) 0.004

　Non-effective** 207 (78.1%) 233 (87.6%)

Total symptom score

　Change in total symptom score, week 4 −2.76 ± 2.35 −1.79 ± 1.99 < 0.001

　Change in total symptom score, week 8 −4.33 ± 2.66 −2.86 ± 2.40 < 0.001

Echocardiography parameters, week 8

　Chang in left ventricular ejection fraction, % 1.20 ± 5.66 0.21 ± 5.33 0.040

　Change in left ventricular end diastolic dimension, mm 0.07 ± 5.26 0.16 ± 4.08 0.828

　Change in cardiac index 0.015 ± 0.648 0.022 ± 0.730 0.912

　Change in cardiac output, L/min 0.007 ± 1.180 0.043 ± 1.224 0.733

　Change in stroke volume, mL 1.90 ± 15.36 2.01 ± 15.54 0.940

*Referred to reduction of NYHA grade by 1. **Referred to no change or elevation of NYHA grade. NYHA: New York Heart Association;
PVC: premature ventricular complex.
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suggest a good overall efficacy of TMYXP in treat-
ing PVC, as well as relief of symptoms (e.g., chest
tightness, palpitations, shortness of breath, fatigue,
dizziness, and dry mouth).[12–14] Basic science stud-
ies have revealed 40 bioactive components, some of
which inhibit epithelial-mesenchymal transition
and inflammation.[18–20] Another basic science ana-
lysis showed that TMYXP could inhibit calcium ove-
rload in myocardial cells, thereby reducing the in-
cidence of myocardial apoptosis.[21]

The efficacy results showed that the primary end-
point was achieved. After eight weeks of treatment,
the total effective rate of TMYXP combine with met-
oprolol tartrate in reducing the number of PVCs/
24 h was significantly higher than using metoprolol
tartrate alone; the difference between the study gr-
oup and control group in terms of decrease in the total
number of PVC is growing over time, such that there
were significant differences at week 4 and week 8.
The total effective rates were 76.4% and 51.4% in the st-
udy group and the control group, respectively, which
are relatively lower than those reported in prior stu-
dies.[12–14] It may be attributed to the presence of more
severe PVC in the patients of this study, however,
all studies indicate that TMYXP enhances the effic-
acy of treatment for PVC.

For other secondary efficacy endpoints, TMYXP
combined with metoprolol tartrate showed better
efficacy than metoprolol tartrate alone in terms of
improvements in symptom score, which is consist-
ent with previous findings. Several TCMs were pro-
ved to be effective in reducing PVC-related symp-
toms including palpitation, chest discomfort, insom-
nia and fatigue, symptom alleviation, and could im-
prove the quality of life significantly.[22] There was
also a significant improvement in NYHA classifica-
tion. Echocardiographic parameters were improved
in both groups compared with baseline, improve-
ment of LVEF was better in the study group than in
the control group (P < 0.05). Patients with chronic he-
art failure often have ventricular arrhythmias. Fur-
thermore, PVC may cause reduction in cardiac out-
put. Thus, reducing PVC may lead to improvement
of cardiac function; alternatively, TMYXP may in-
hibit calcium overload in myocardial cells, which is
cardioprotective and might reduce the onset of ven-
tricular arrhythmias. To the best of our knowledge,
this is the first study to show TMYXP combined with

metoprolol tartrate can improve cardiac function in
patients with PVC.

The safety result suggested a tolerable safety pr-
ofile of TMYXP combined with metoprolol tartrate.
Incidences of AEs and drug-related AEs were simi-
lar between groups in this study. The AEs were mild;
no serious AEs occurred throughout the study. Pac-
kage inserts for TMYXP did not state specific adve-
rse reactions associated with TMYXP treatment. The
drug-related AEs in the present study were similar
to the package insert that listed common AEs asso-
ciated with metoprolol tartrate treatment. 

LIMITATIONS

This study was limited to eight weeks of follow-
up, which may not be sufficient to evaluate the long-
term efficacy and safety of TMYXP combined with
metoprolol tartrate for the treatment of symptomatic
frequent PVC. In addition, this study only enrolled
PVC patients with CHD or without structural heart
diseases, PVC with other structural heart diseases
such as primary cardiomyopathy, or valvular heart
disease, should be included in future clinical trials. 

CONCLUSIONS

This multicenter, randomized, parallel-controlled
clinical study shows that TMYXP combined with me-
toprolol tartrate has a better result as compared with
metoprolol tartrate alone for the treatment of PVC,
as indicated by a higher total effective rate of impr-
ovement in PVCs and better improvement in the num-
ber of PVCs/24 h, as well as a better symptom relief.
The underlying mechanism of antiarrhythmia needs
to be further explored. The study also demonstra-
ted the potential of TMYXP for improving cardiac fun-
ction in patients with PVC, which needs to be fur-
ther investigated in future studies. 
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