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Objective: To investigate the predictive value of PTEN and echocardiography in the 
treatment of heart failure with trimetazidine combined with metoprolol.
Methods: A total of 100 patients with coronary heart disease and HF who admitted to our 
hospital from August 2018 to August 2020 were enrolled into research. All patients received 
routine treatment according to the guidelines and were treated with trimetazidine and 
metoprolol for a total course of 6 months. Echocardiographic parameters and PTEN levels 
were measured at baseline and after treatment. The patients were divided into groups 
according to the quartile of basic PTEN level, and the total effective rates were compared. 
The echocardiographic parameters of patients with different prognosis were analyzed. 
Bivariate correlation analysis was used to evaluate the correlation between PTEN, echocar-
diography and treatment effect.
Results: Compared with that before treatment, the level of PTEN increased significantly 
after treatment (P < 0.01). According to the quartile of basic PTEN level, the total effective 
rate of patients with different levels of basic PTEN was was statistically different (P < 0.01). 
There was a linear correlation between the level of basic PTEN and the treatment effect, and 
the total effective rate of patients with high level of basic PTEN was higher than that of 
patients with low level of PTEN. Compared with before treatment, LVEF, SV, E/A and lvfs 
increased significantly after treatment (P < 0.01). There was a correlation between the basic 
echocardiographic parameters and the treatment effect of patients. The basic echocardio-
graphic parameters of patients with poor prognosis were worse than those with good 
prognosis. PTEN expression in patients’ serum was only positively correlated with E/A, 
but not with LVFE, SV and LVFS (P < 0.01).
Conclusion: PTEN and echocardiographic parameters serve as a good method to evaluate the 
short-term therapeutic effect of trimetazidine combined with metoprolol in patients with heart 
failure.
Keywords: PTEN, echocardiographic parameter, heart failure, trimetazidine, metoprolol, 
efficacy prediction

Introduction
Heart failure (HF) is a familiar heart disease. It is very common in patients who die from 
HF all over the world. Recently, with aging world arriving, the incidence is also 
increasing.1,2 It’s reported that the prevalence rate of HF is 3.1/1000; the morbidity has 
been increasing.3 HF can cause respiratory failure, hemoptysis, insomnia and nervous 
system diseases to some degree, and there are risks of sudden death in severe cases.4,5 

Thus, HF diagnosis and treatment is crucial to the lives and health of patients.
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Myocardial fibrosis will cause imbalance of type I/III 
collagen, which will increase left ventricular stiffness, 
reduce compliance, and limit diastolic left ventricular fill-
ing; if the degree of myocardial fibrosis in patients con-
tinues to deepen, it will damage the systolic function of 
myocardium and greatly reduce the cardiac output.6,7 

Echocardiography, as a non-invasive examination method, 
is easily accepted by patients; but it is difficult to make an 
accurate judgment on the distribution of myocardial fibro-
sis, because its detection results are easily influenced by 
subjective factors of operators.8 It has been found that 
echocardiography combined with biomarkers can improve 
the diagnosis rate of HF patients.9 PTEN (phosphatase and 
tensin homolog deleted on chromosome 10) is a tumor 
suppressor gene discovered early.10 Research has shown 
that PTEN regulates cell growth and apoptosis.11 For 
example, PTEN can adjust Akt activity by inhibiting 
PI3K, and play a regulatory role in apoptosis.12 PTEN 
modulation by hexarelin attenuates coronary artery liga-
tion-induced HF in rats.13 However, whether PTEN has 
clinical value in HF has not been verified yet.

Trimetazidine combined with metoprolol is effective in 
the treatment of coronary heart disease and heart failure, 
serving as one of the commonly used clinical schemes.14 

Here, in this study, we mainly explored the changes of 
PTEN and echocardiographic parameters after treatment in 
HF patients, and the potential predictive value of efficacy, 
aiming to provide reference indicators for clinical treat-
ment and efficacy prediction.

Methods and Data
Clinical Data
100 patients with coronary heart disease and HF who 
admitted to our hospital from August 2018 to 
August 2020 were enrolled into research. This experiment 
has been ratified by the Ethics Committee of Second 
Hospital of Wuxi Affiliated to Nanjing Medical 
University, all methods were performed in accordance 
with the Declaration of Helsinki, and all the participants 
have signed informed consent forms.

Inclusion and Exclusion Criteria
Inclusion criteria: Over 45 years old; conformed to the 
clinical manifestations of chronic heart failure; diuretics, 
beta-receptor-blocking agent and spironolactone were 
given according to the 2014 Chinese guidelines for the 
diagnosis and treatment of heart failure; the cardiac 

function were grade III ~ IV according to New York 
Heart Association (NYHA); echocardiography showed 
left ventricular ejection fraction (LVEF) < 50%.

Exclusion criteria: Patients with other cardiovascular 
and cerebrovascular diseases, immune deficiency diseases, 
infectious diseases, mental disorders and tumor diseases; 
those with liver and kidney organ dysfunction; those with 
drug allergy; those who received surgery, radiotherapy and 
chemotherapy, and antibiotics within six months prior to 
admission; those transferred.

Therapeutic Regimens
After admission, all patients were given routine treatment 
intervention, including diuretics, nasal catheter oxygen 
inhalation, cardiotonic agents, correction of water and 
electrolyte disorders, and blood lipid lowering and vaso-
dilatory drugs. On this basis, trimetazidine and metoprolol 
were used. The dosage of metoprolol tartrate tablets is 
6.25 mg/time, 3 times/d for the first time. After 14 days 
of treatment, the dosage should be appropriately increased 
or decreased according to patients’ actual condition and 
recovery. It can be increased once every 7 days to 6.25– 
12.5 mg. The defined daily dose should be controlled 
within 300 mg. In like wise, trimetazidine hydrochloride 
tablets should be 20 mg/time, orally, 3 times/d, for a total 
of 6 months.

Ultrasonic Testing
The patient was examined by an experienced sonographer, 
with left lateral position. The left ventricular end systolic 
diameter (LVESD) and left ventricular end diastolic dia-
meter (LVEDD) were obtained through the parasternal 
long axis section of the left ventricle with PHILIPS HD 
11 echocardiography and C5-2 probe (frequency 2.0–5.0 
MHz). What’s more, the left ventricular ejection fraction 
(LVEF) was calculated. The mitral E/A ratio was obtained 
by apical four-chamber section, and the results were aver-
aged after 3 tests. The rate of left ventricular fractional 
shortening (LVFS) was tested by M-mode 
echocardiography.

PTEN Expression
QRT PCR was used. The serum to be tested was obtained; 
the total RNA was separated through TRIzol (Invitrogen, 
USA), and then 5 μL was used to test its integrity under 
agarose gel electrophoresis. According to the reverse tran-
scription kit instructions (BIOMIGA, USA), the total RNA 
was reverse transcribed into cDNA, and qRT-PCR was 
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performed with GAPDH as internal reference (primer 
sequence, Invitrogen, USA) (Table 1). Reaction condi-
tions: 95°C for 10 min, followed by 40 cycles of 95°C 
for 15 s and 60°C for 1 min. The reaction system: cDNA 
product 2 μL, 50×ROX reference dye 0.4 μL, SYBR 
qPCR Mix 10 μL, upstream and downstream primers 0.8 
μL each, and RNase water made up to 20 μL. The circula-
tion threshold (ct value) of the target gene and internal 
reference was read, and the relative level of the former in 
the sample was expressed by 2−ΔΔCt.15 PTEN upstream 
sequence 5ʹ-CCGCTGTGTGTGGTGatatc-’3, downstream 
sequence 5ʹ-GAATGTATTTACCCAAAAGTGAAATT-’3; 
GAPDH upstream sequence 5ʹ-GGAAGGTGAGGTC 
GGAG-’3, downstream sequence 5ʹ-CGTTCTCACCT 
GCGG-’3.

Efficacy Evaluation
According to the cardiac function at discharge, it can be 
divided into obvious improvement (cardiac function after 
treatment improves by more than 2 grades), general 
improvement (cardiac function after treatment improves 
by 1 grade), no improvement (no improvement of cardiac 
function after treatment) and deterioration (aggravation of 
heart failure, deterioration or death after treatment). Total 
effective = obvious improvement + general improvement.

Statistical Analysis
All the data were statistically analyzed by SPSS22.0 statis-
tical software. The relevant pictures were drawn by 
GraphPad 8 software. The average value was obtained after 
3 repetitive tests, recorded as (mean±standard deviation). The 
comparison between groups was carried out by independent- 
samples t-test, including t value and P value. According to 
the basic PTEN level grouping, the two-way ordered classi-
fication data linear trend test was used to compare the 
improvement of the overall clinical status of patients with 
different prognosis after treatment. Logistic regression model 

was used to evaluate the predictive value of PTEN and 
echocardiography on the efficacy of trimetazidine combined 
with metoprolol in the treatment of heart failure. P value of 
<0.050 is considered as statistical difference.

Results
Comparison of Basic Data of Patients 
with Different Prognosis
Among 100 HF patients, there were 58 males and 42 
females, aged from 48 to 68 years, with an average age 
of (60.13±5.84) years, 55 cases of hypertension, and 58 
cases of diabetes. After treatment of trimetazidine com-
bined with metoprolol, there were 34, 38, 26, 2 cases of 
obvious improvement, general improvement, no improve-
ment and deterioration respectively. There was no signifi-
cant difference in the basic data of patients with different 
prognosis (P > 0.05). Table 1

Expression of PTEN in HF Patients
Compared with before treatment, the level of PTEN 
increased significantly after treatment (t = 24.284, P < 
0.01). The basic PTEN level of the included patients was 
0.21 ~ 0.76 [0.47 (0.63)]. According to the quartile of 
basic PTEN level, they were divided into ≤ 0.34 group 
(23 cases), 0.35 ~ 0.53 (29 cases), 0.54 ~ 0.64 (30 cases) 
and ≥ 0.65 (18 cases). The total effective rates of patients 
with different levels of basic PTEN were compared, and 
the difference was statistically significant (P < 0.01). The 
linear trend test results of ordered grouping data showed 
that there was a linear correlation between the basic PTEN 
level and the treatment effect of patients (χ2 

total = 16.372, 
P = 0.031; χ2 

Regression = 9.684, P = 0.014; χ2 
bias = 5.382, 

P = 0.46 ~ 0.78). The total effective rate of patients with 
high level of basic PTEN was higher than that of patients 
with low level of PTEN. Figure 1, Table 2

Table 1 Comparison of Basic Data of Patients with Different Prognosis

Obvious Improvement 
(n=34)

General Improvement 
(n=38)

No Improvement 
(n=26)

Deterioration 
(n=2)

F/χ2 P

Age (year) 62.94±3.56 63.12±3.44 62.87±3.62 63.23±3.84 8.932 0.864

Gender/male 

[n, %]

25 20 12 1 16.483 0.462

Hypertension 

[n, %]

23 21 10 1 12.451 0.678

Diabetes[n, %] 23 19 14 2 10.678 0.563
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Echocardiographic Parameters in HF 
Patients
Compared with before treatment, LVEF, SV, E/ A and LVFS 
increased significantly after treatment (t = 21.324, 19.463, 
24.673, P < 0.01). The linear trend test of ordered grouping 
data showed that there was a correlation between basic 
echocardiographic parameters and treatment effect (χ2 

total 

= 11.674, P = 0.035; χ2 
Regression = 14.275, P = 0.018; χ2 

bias 

= 8.928, P = 0.32 ~ 0.76). The basic echocardiographic 
parameters of patients with poor prognosis were worse 
than those with good prognosis. Figure 2, Table 3

Correlation Between PTEN and 
Echocardiographic Parameters
At the end of the study, we analyzed the relationship 
between serum PTEN and echocardiographic parameters 
in HF patients. Through analysis, we found that PTEN 
expression in patients’ serum was only positively 

correlated with E/A, but not with LVFE, SV and LVFS 
(Figure 3, P<0.05).

Discussion
Drug therapy is the main treatment for coronary heart 
disease and HF, but the efficacy of conventional drugs is 
not good. Further improving the science and rationality of 
medication is of great significance to improving the effec-
tiveness of treatment. Metoprolol is a commonly used 
clinical β1-receptor blocker and a first-line antihyperten-
sive drug. Compared with other anti-angina pectoris drugs, 
trimetazidine has less effect on myocardial hemodynamics, 
and can significantly improve endothelial function in 
patients with heart failure and relieve clinical symptoms. 
Relevant studies have shown that metoprolol combined 
with trimetazidine has a significant effect in the treatment 
of patients with coronary heart disease and HF, and can 
effectively improve the hemodynamics of patients.16 In 
this study, we examined the predictive value of PTEN 
and echocardiographic parameters in HF patients after 
treatment. PTEN is a bifunctional phosphatase, which 
can dephosphorize lipid and protein. It negatively regu-
lates PI3K pathway by dephosphorizing phosphatidylino-
sitol triphosphate and pAkt, thus regulating apoptosis and 
cell proliferation pathway.17 Furthermore, recent research 
has demonstrated that PTEN down-regulation can partici-
pate in smooth muscle cell (SMC) proliferation and vas-
cular remodeling, which is considered to be involved in 
the occurrence of cardiac fibrosis after myocardial 
infarction.18 Echocardiography is the most common clin-
ical method for evaluating cardiac function, which is 
rapidly popularized because of its non-invasive, simple, 
repeatable and relatively low cost.19 The comprehensive 
parameters of echocardiography include many factors, 
such as cardiac systolic function, cardiac diastolic func-
tion, ventricular remodeling, valve regurgitation, pulmon-
ary artery pressure, etc.; considering the mutual influence 
and action among various parts, the evaluation result is not 

Figure 1 Expression of PTEN in HF patients. ***P<0.001.

Table 2 Comparison of Curative Effects of Patients with Different Levels of Basic PTEN n/%

PTEN 
Grouping

n Obvious 
Improvement

General 
Improvement

No 
Improvement

Deterioration Total 
Effectiveness

≤0.34 23 3 12 6 2 15/65.22

0.35~0.53 29 6 13 10 0 19/65.52

0.54~0.64 30 13 8 9 0 21/70.00
≥0.65 18 12 5 1 0 17/94.44

Count 100 34 38 26 2 72/72.00
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a simple numerical accumulation, but an overall evaluation 
of cardiac function made by integrating the changes of 
various parts of the heart.20 We also found that compared 
with before treatment, PTEN levels increased significantly 
after treatment, suggesting that PTEN and echocardio-
graphic parameters may be related to the occurrence of 
heart failure. And compared with before treatment, LVEF, 
SV, E/A, and LVFS were significantly increased after 
treatment, which was in line with the results of previous 

studies, suggesting that metoprolol combined with trime-
tazidine may affect PTEN levels and improve patients’ 
heart function. Early prognosis evaluation is a crucial 
means to improve the efficacy and prognosis of patients. 
Afterwards, patients choose a more favorable treatment 
plan, which can effectively control the disease, speed up 
the recovery, and avoid poor efficacy or prognosis caused 
by untimely treatment.21 Here, we divided the patients into 
groups according to their clinical efficacy after treatment. 

Figure 2 Echocardiographic parameters in HF patients. (A–D) Measurement of LVEF, SV, E/A and LVFS parameters in HF patients under echocardiography. **P<0.01, 
***P<0.001.

Table 3 Comparison of Basic Echocardiographic Parameters in Patients with Different Prognosis

Groups n LVEF/% SV/mL E/A LVFS/%

Obvious improvement 34 45.39±3.87 54.32±2.21 0.48±0.05 28.59±1.24
General improvement 38 44.67±3.68 52.73±4.14 0.41±0.04 27.57±1.18

No improvement 26 40.27±2.56 44.37±3.96 0.26±0.02 24.58±1.14

Deterioration 2 39.41±2.33 42.69±3.78 0.24±0.03 23.96±1.15
F
P
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Based on the quartile of basic PTEN level, we found that 
the total effective rate of patients with high basic PTEN 
level was higher than that of patients with low basic PTEN 
level, suggesting that patients with high basic PTEN level 
may have a better prognosis, which can provide 
a reference for the formulation of clinical treatment plan; 
the basic echocardiographic parameters of patients with 
poor prognosis were worse than those with good prog-
nosis, indicating that echocardiographic parameters are 
expected to become a potential index to predict the clinical 
efficacy of patients. The main feature of ventricular remo-
deling after myocardial infarction is that in the initial 
stage, myocardial cell death and inflammation around 
and in the infarcted area increase, leading to myocardial 
hypertrophy and fibrosis, which is considered to be a key 
process involved in the pathophysiology of HF.22,23 Early 
studies have suggested that PTEN deletion brings about 
myocardial hypertrophy.24 We believe that HF patients 
with low PTEN expression predict myocardial fibrosis 
and hypertrophy, which is not conducive to the improve-
ment of patients’ condition. The E/A ratio is one of the 

indexes for the auxiliary diagnosis of HF with normal left 
ventricular ejection fraction;25 have verified that the ratio 
is used to evaluate essential hypertension with HF and 
hypertension-induced left ventricular hypertrophy. 
Through correlation analysis, we also determined that 
there was a positive correlation between PTEN and E/A, 
which further indicates that PTEN is expected to become 
a predictor of efficacy in HF patients.

Besides, we confirmed the predictive value of PTEN 
and echocardiographic parameters in HF patients after 
treatment. In this study, we found that PTEN expression 
in patients’ serum was only positively correlated with E/A, 
but not with LVFE, SV and LVFS. But, this study still has 
some limitations. First of all, this study did not conduct 
a retrospective study of large samples. Thus, we hope to 
verify the study through large sample data. Secondly, this 
study did not analyze the mechanism of PTEN in HF. We 
hope to carry out basic research in the follow-up study to 
determine the mechanism.

Above all, PTEN and echocardiographic parameters 
can better evaluate the short-term therapeutic effect of 

Figure 3 Correlation between PTEN and echocardiographic parameters. (A) Correlation analysis of serum PTEN relative level and LVEF in HF patients. (B) Correlation 
analysis of serum PTEN relative level and SV in HF patients. (C) Correlation analysis of serum PTEN relative level and E/A in HF patients. (D) Correlation analysis of serum 
PTEN relative level and LVES in HF patients.
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trimetazidine combined with metoprolol in patients with 
heart failure.
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