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ABSTRACT
Objective: To assess the eﬀects of trimetazidine (TMZ) added to conventional drug therapy on cardiac autonomic nervous CANS in
patients with coronary heart disease (CHD) after the percutaneous coronary intervention (PCI).
Study Design: Descriptive study.
Place and Duration of Study: Department of Cardiology, The Second Hospital of Hebei Medical University, Hebei, China, from May
2018 to September 2019.
Methodology: The study included 50 patients with CHD after a successful PCI who received trimetazidine plus conventional therapy
were included as cases (exposed group), and 50 matched patients were identiﬁed as controls (non-exposed group). Heart rate (HR)
and heart rate variability (HRV) parameters including sympathetic activity (SDNN, LF), parasympathetic activity (RMSSD, pNN50,
SDSD, HF), and sympathovagal balance (LF/HF ratio) were used to evaluate CANS function.
Results: There were no statistical diﬀerences in the HR and HRV parameters before and after PCI (p>0.05). In the non-exposed
group, conventional therapy signiﬁcantly improved the HRV parameters (all p<0.05), while not aﬀecting HR (p>0.05). In the exposed
group, all HRV parameters except HR were improved after 4 weeks of treatment. After 4 weeks of treatment, the exposed group had
higher parasympathetic-nerve activity, lower sympathetic-nerve activity, and LF/HF ratio compared to the non-exposed group (all
p<0.05).
Conclusions: The application of TMZ based on conventional therapy eﬀectively improved the CANS in CHD patients who underwent PCI.
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INTRODUCTION
Coronary heart disease (CHD) is the major cause of death worldwide.1 Epidemiological data reported that the prevalence of
CHD across Asia, Europe, and North America ranged from 0.99
2
to 56.5%, with the overall prevalence of 6.3%. Most patients
with CHD had cardiac autonomic nervous system (CANS)
dysfunction, which aﬀects the pumping function of the heart
and the electrophysiological activity of the myocardium.3
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It is known that the sympathetic nervous system (SNS) may
participate in atherosclerosis formation by activating
platelets, with the subsequent formation of platelet growth
factor.4 In addition, the CANS dysfunction with increased
sympathetic nervous activity and decreased parasympathetic-nervous activity usually occurs at an initial stage of CHD,
leading to fatal events.5 In numerous studies, an improvement
in CANS balance has proven beneﬁcial for patients with cardiovascular disease,6 since the CANS is an integral part of the
neurohormonal regulation of cardiac function.7 It comes thus
as no surprise that CANS improvement may be critical to
reducing cardiovascular events, cardiac failure, and early
mortality.8
At present, percutaneous coronary intervention (PCI) is the
cornerstone of treatment for CHD.9,10 PCI could minimize the
damage to myocardial blood ﬂow reconstruction, thus it is
widely adopted in clinical practice.11 However, previous
studies demonstrated that PCI maybe not be the most eﬀec-
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tive method for improving CANS function in patients with
CHD.12 Moreover, myocardial no-reﬂow still occurs in some
13
patients after PCI. Thus, any alternative therapy likely to
improve the CANS function after PCI would be a valuable asset.
Myocardial energy metabolism therapy is emerging as a new
14
therapeutic regimen for CHD. Trimetazidine (TMZ) is a piperazine derivative, which can increase the blood ﬂow reserve and
reduce the frequency of angina pectoris by maintaining the
energy of myocardial cells under hypoxia or ischemia condi15
tions. A statistically signiﬁcant augmentation of heart rate variability (HRV) was observed on CHD patients with TMZ treatment
16
in a randomised controlled trial. Notably, TMZ can be easily
combined with conventional pharmacotherapy when traditional drugs are not tolerated.17 While up to now, no systematic
analysis has been reported on the independent eﬀects of TMZ in
CHD patients undergoing PCI.
Therefore, the objective of this study was to assess the eﬀects of
TMZ on CANS in CHD patients who had a successful PCI.

METHODOLOGY
This descriptive cohort study included patients with CHD after a
successful PCI admitted to the Department of Cardiology, The
Second Hospital of Hebei Medical University, from May 2018 to
September 2019. This study was conducted following the
Helsinki Declaration, and approved by the Ethics committee of
The Second Hospital of Hebei Medical University (Ethical
approval number: 2018-R091). All patients provided written
informed consent.
The inclusion criteria were age 18-90 years, a clinical diagnosis
of CHD and a successful PCI before inclusion. The diagnosis of
CHD was made according to the Chinese Society of Cardiology
Guidelines for the diagnosis and treatment of chronic stable
angina pectoris (2018 edition). Exclusion criteria were patients
with non-sinus rhythm, including atrial ﬂutter, atrial ﬁbrillation,
severe atrioventricular block, pathological sinoatrial node
syndrome, and post-implantation of a permanent artiﬁcial
cardiac pacemaker; endocrine diseases except for severe
cardiac dysfunction (left ventricular ejection fractions<50%)
based on angiography examination, hepatic or renal dysfunction, electrolyte disorder or acid-base balance disorder; emergency PCI; patients with the severe 3-vessel disease and left
main coronary artery disease that result in the incomplete
revascularisation.
Propensity score matching in a ratio of 1:1 was used to minimize
the expected signiﬁcant bias between the two groups. A total of
50 CHD patients after PCI who received trimetazidine plus
conventional therapy were included as cases (exposed group),
and 50 matched patients were identiﬁed as controls (non-exposed group). The score was estimated using logistic regression, which considered age, gender, comorbidities, and
medicine combination.
The patients in the non-exposed group were given conventional
drugs therapy for 4 weeks. The conventional drugs included anti560

platelet agents, anticoagulant agents, statins, angiotensin-converting enzyme inhibitors (ACEI), β-blockers, and nitrates were
administrated according to the disease condition. The patients
in the exposed group were given conventional drugs combined
with TMZ (20 mg three daily oral doses) within 48 hours after
surgery.
The data were retrieved from the electronic medical records,
collecting the demographic, clinical, and laboratory information for analysis, such as age, gender, comorbidities and drug
combination. Heart rate (HR) and the HRV parameters in time
and frequency domains were obtained from continuous ﬁfteenminute short-term electrocardiogram recording performed
during spontaneous breathing using a BI 112 (Shenzhen,
Boying). Two HRV parameters, the standard deviation of all
normal sinus RR intervals (SDNN) and normalised low
frequency (norm-LF) were used to evaluate the sympathetic
nerve activity. Five HRV parameters, the root mean square of
successive heartbeat interval diﬀerences (RMSSD), the standard deviation of diﬀerences between adjacent RR intervals
(SDSD), the percentage of successive normal sinus RR intervals
>50 ms (pNN50), and normalised high frequency (norm-HF)
were used to evaluate the parasympathetic-nerve activity.
LF/HF ratio was calculated to quantify the changing relationship
between sympathetic and parasympathetic nerve activities.
Evaluations of HRV parameters in all patients were performed
within 48 hours of admission, within 48 hours after PCI, and 4
weeks after treatment, respectively. The norm-LF and norm-HF
were adopted in this study due to the individual diﬀerence of the
traditional frequency-domain index. To evaluate the safety, we
collected the occurrence of nonfatal myocardial infarction,
target vessel complete revascularization, stent thrombosis
(ST), and cardiogenic death (CD) within four weeks after PCI.
All statistical analyses were performed by using SPSS version
21.0 (SPSS Institute. IL.USA). The distribution of quantitative
data was tested with the Kolmogorov-Smirnov test. The data of
age in all groups were considered to be normally distributed and
compared with the independent-samples T-test. The data of
other parameters were considered to be non-normally
distributed in at least one group. Thus, for normally distributed
data, the comparison before and after PCI or treatment was
performed Wilcoxon signed-rank test, and the comparison
between the exposed group and non-exposed group was
conducted using the Mann-Whitney test. Normally distributed
data were expressed as mean (standard deviation [SD]), while
non-normally distributed data were expressed as median
(interquartile range [IQR]). Categorical variables were
expressed as number (percentage), and compared χ2 test or
Fisher's exact test. Statistical signiﬁcance was set at p<0.05.

RESULTS
As shown in Table I, a total of 100 patients (mean age
59.67±8.88 years, range 39-78 years) who had undergone a
successful PCI were retrospectively included in this study.
Among them, 64 (64%) patients with hypertension, 31 (31%)
patients with diabetes, and 44 (44%) patients with hyper-
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lipemia. Diseased vessels include the anterior descending
branch (48 cases), circumﬂex branch (17 cases), and right coronary artery (35 cases).
Table I: Baseline characteristics.
Non-exposed
group (n=50)

Exposed group
(n=50)

p-value

Gender (Male/Female), n (%)
Age in years, mean SD
Comorbidities, n (%)
Hypertension
Diabetes
Hyperlipidaemia
Diseased vessels

31 (62)/ 19 (38)
59.48±7.76

37 (74)/ 13 (26)
59.86±9.94

0.198
0.832

35 (70)
17 (34)
23 (46)

29 (58)
14 (28)
21 (42)

0.211
0.517
0.687
0.464

LAD

21 (42)

27 (54)

LCX

10 (20)

7 (14)

RCA

19 (38)

16 (32)

Medicine combination, n (%)
Anti-platelet
Statins
β-blocker
ACEI/ARB
Nitrates

50 (100)
48 (96)
43 (86)
38 (76)
39 (78)

50 (100)
49 (98)
41 (82)
35 (70)
41 (82)

->0.999
0.585
0.499
0.617

Normally distributed data were expressed as mean (standard deviation). The comparison between
groups were performed using independent-samples T-test. Categorical variable were expressed as
number (percentage), and compared with χ2 test or Fisher's exact test. SD = Standard deviation;
LAD = Left anterior descending; LCX=left circumﬂex artery; RCA = Right coronary artery; ACEI =
Aangiotensin-converting enzyme inhibitors; ARB = Angiotensin receptor blockers.

Table II: Eﬀects of percutaneous coronary intervention on cardiac autonomic nervous system in patients.
Parameters, median (IQR)
HR (bpm)
HRV parameters

Sympathetic-nerve activity
SDNN (ms)
norm-LF (ms2)
Parasympathetic-nerve activity
RMSSD (ms)
SDSD (ms)
pNN50 (%)
norm-HF (ms2)
Interaction between sympathetic
and parasympathetic-nerve
activities
LF/HF ratio

Before PCI (n=100)
67 (61, 73)

After PCI (n=100)
68 (62, 75)

p-value
0.348

36.17 (29.24, 49.48)
66.85 (52.59, 80.27)

36.61 (29.56, 49.39)
66.36 (49.98, 79.07)

0.921
0.986

17.76 (13.07, 25.35)
16.97 (13.00, 23.89)
0.83 (0.21, 3.71)
25.94 (15.99, 36.83)

19.65 (12.80, 25.31)
19.36 (12.69, 24.73)
1.15 (0.29, 3.89)
22.45 (16.20, 41.54)

0.957
0.708
0.303
0.793

2.58 (1.61, 4.83)

2.80 (1.34, 4.82)

0.900

Non-normally distributed data were expressed as median (interquartile range) and compared with
Wilcoxon signed rank test. IQR = Interquartile range; PCI = Percutaneous coronary intervention;
bpm = beats/min; HR = Heart rate; SDNN = Standard deviation of all normal sinus RR intervals;
norm-LF = Normalised low frequency; RMSSD = Rroot mean square of successive heartbeat
interval diﬀerences; SDSD = Standard deviation of diﬀerences between adjacent RR intervals;
pNN50 = Percentage of successive normal sinus RR intervals >50 ms; norm-HF = Normalised high
frequency.

There was no statistical diﬀerence in underlying disease (hypertension, diabetes, hyperlipemia), vascular invasion, and therapeutic regimen in both two groups (p>0.05). Besides, no
patients with peripheral neuropathy were found in both two
groups. Taken together, there was no statistical diﬀerence
concerning baseline characteristics between the non-exposed
group and the exposed group (p>0.05).
The eﬀects of PCI surgery on CANS were listed in Table II. No
statistical diﬀerence in HR was observed before (median 67
bpm; IQR, 61 to 73 bpm) and after PCI surgery (median 68 bpm;
IQR, 62 to 75 bpm, p=0.348). With regard to the changes in
sympathetic nerve activity, the results showed that PCI had no
eﬀects on SDNN (preoperative vs. postoperative: 36.17 ms vs.
36.61 ms, p=0.921) and norm-LF (66.85 ms2 vs. 66.36 ms2,
p=0.986). Meanwhile, there was no signiﬁcant diﬀerence in
parasympathetic-nerve activity before and after PCI surgery,

including RMSSD (17.76 vs. 19.65 ms, p=0.957), SDSD (16.97
ms vs. 19.36 ms, p=0.708), pNN50 (0.83 vs. 1.15, p=0.303),
and norm-HF (25.94 ms2 vs. 22.45 ms2, p=0.793). Similarly, the
changing relationship between sympathetic and parasympathetic nerve activities (LF/HF ratio) did not aﬀect by PCI surgery
(2.58 vs. 2.80, p=0.900).
In the non-exposed group, HR did not improve after treatment
after 4-week treatment with conventional drugs (Before vs.
After, 68 [IQR, 62-75] vs. 64 [IQR, 61-70] bmp, p=0.314).
However, the sympathetic nerve activity including SDNN
(37.90 vs. 42.38, p=0.043) and norm-LF (68.05 vs. 63.84,
p=0.05) was signiﬁcantly improved after treatment in the non-exposed group. With regard to parameters reﬂecting parasympathetic-nerve activity, RMSSD, SDSD, pNN50, and norm-HF
were all increased after conventional treatment in the non-exposed group (all p<0.001, Table III). In addition, LF/HF ratio
showing sympathovagal balance was signiﬁcantly decreased
after treatment (p<0.001).
In the exposed group, HR decreased obviously after 4-week
treatment (Before vs. After, 68 [IQR, 63-75] vs. 65 [IQR, 61-70]
bmp, p=0.026). Meanwhile, the sympathetic nerve activity of
the SDNN (32.80 vs. 47.59) and norm-LF (64.20 vs. 59.09) signiﬁcantly changed after treatment (p<0.001). About parasympathetic-nerve activity, the RMSSD, SDSD, pNN50, and norm-HF
were signiﬁcantly increased after treatment (all p<0.001).
LF/HF ratio showing sympathovagal balance was signiﬁcantly
decreased after treatment (p<0.001).
Before the 4-week treatment, no statistical diﬀerence among all
indicators was detected between the non-exposed group and
the exposed group (all p>0.05). There was no statistical diﬀerence in HR between the non-exposed group and the exposed
group. After 4 weeks treatment, the exposed group had higher
parasympathetic-nerve activity (RMSSD [p=0.021], SDSD
[p=0.021], pNN50 [p=0.044] and norm-HF [p=0.020]), lower
sympathetic nerve activity (SDNN [p=0.037] and norm-LF
[p=0.034]) and LF/HF ratio [p=0.017] compared to non-exposed group. Taken together, compared with the non-exposed
group, the exposed group can signiﬁcantly improve the CANS
function in patients with CHD.
The number of nonfatal myocardial infarctions and CD were
equal between the non-exposed group and the exposed group,
and there were no statistical diﬀerences between the two
groups (p>0.05). The number of complete revascularization
and ST in the exposed group was less than that in the non-exposed group with no signiﬁcant diﬀerence (p>0.05).

DISCUSSION
CHD remains a major cause of global death. Most CHD patients
have electrophysiological abnormalities of the myocardium,
malignant arrhythmia, and heart failure, which are associated
with CANS dysfunction and reduction in myocardial perfusion.18
HRV, the spontaneous ﬂuctuations in the normal sinus rhythm,
was commonly used to evaluate the CANS modulation.3
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Table III: Eﬀects of conventional drug therapy and combination drug therapy in improving CANS function.
Non-exposed group (n=50)
Parameters, median (IQR)

HR (bpm)
HRV parameters

Exposed group (n=50)

p-value (Non vs. Exp)

Before treatment

After treatment

p-value
Before treatment
(B vs. A)

After treatment

p-value
Before treatment
(B vs. A)

After treatment

68 (62, 75)

64 (61, 70)

0.314

65 (61, 70)

0.026

0.912

68 (63, 75)

0.874

Sympathetic-nerve activity
SDNN(ms)
37.90 (30.19, 48.32) 42.38 (34.18, 50.26) 0.043
32.80 (25.87, 50.62) 47.59 (38.17, 59.07) <0.001 0.491
0.037
68.05 (52.01, 79.16) 63.84 (47.69, 73.81) 0.005
64.20 (49.09, 78.98) 59.09 (42.24, 68.18) <0.001 0.962
0.034
norm-LF (ms2)
Parasympathetic-nerve activity
RMSSD (ms)
20.50 (12.38, 25.18) 23.88 (15.69, 33.96) <0.001 18.89(13.46, 25.53)
26.16 (19.92, 34.28) <0.001 0.801
0.021
SDSD (ms)
19.65 (12.32, 25.10) 23.82 (15.66, 33.09) <0.001 18.33 (13.30, 24.73) 26.09 (19.63, 34.19) <0.001 0.809
0.021
pNN50 (%)
1.25 (0.27, 4.49)
3.47 (0.77, 9.46)
<0.001 0.98 (0.29, 2.83)
4.90 (1.79, 13.29)
<0.001 0.728
0.044
2
23.02 (14.17, 41.11) 29.92 (21.56, 44.28) <0.001 22.23 (16.36, 43.25) 35.21 (29.28, 49.84) <0.001 0.817
0.020
norm-HF (ms )
Interaction between sympathetic and parasympathetic-nerve activities
LF/HF ratio
3.02 (1.38, 4.77)
2.13 (0.95, 3.38)
<0.001 2.47 (1.22, 4.92)
1.56 (0.87, 2.35)
<0.001 0.855
0.017
Non-normally distributed data were expressed as median (interquartile range). The comparison before and after treatment were performed using Wilcoxon signed rank test; and the comparison
between groups were performed using Mann-Whitney test. IQR = Interquartile range; CANS = Cardiac autonomic nervous system; PCI = Percutaneous coronary intervention; bpm = beats/min; HR =
Heart rate; SDNN=standard deviation of all normal sinus RR intervals; norm-LF = Normalised low frequency; RMSSD = Root mean square of successive heartbeat interval diﬀerences; SDSD =
Standard deviation of diﬀerences between adjacent RR intervals; pNN50 = Percentage of successive normal sinus RR intervals >50 ms; norm-HF = Normalised high frequency; Non = Non-exposed
group; Exp = Exposed group.

Previous studies revealed that HRV has important value in
the occurrence of malignant arrhythmia and sudden cardiac
death after acute myocardial infarction.19 Thus, the improvement of HRV has the potential to beneﬁt for the prognosis
and reduce the incidence of adverse cardiovascular events
in patients with CHD.
Currently, the eﬀect of PCI on the improvement of CANS
function is controversial. In some studies, it is demonstrated
that PCI could improve the HRV via eliminating sympathetic
hyperactivity and improving the stability of CANS function in
patients with CHD.20 However, opposite conclusions still
exist, which showed that the HRV reduction is not exclu21
sively related to PCI, even is not signiﬁcant after PCI.
Similar to this opinion, the results of the present study
supported that PCI has no eﬀects on the improvement of
HRV. Nonetheless, the ﬁnding was preliminary due to the
short follow-up time.
The most important ﬁnding of the present study is that TMZ
improved the CANS function, manifesting as the improvement of parasympathetic-nerve and sympathetic nerve
activity. TMZ has been widely used for patients with cardiovascular and cerebrovascular diseases attribute to eﬀectively restore myocardial function, improve mitochondrial
energy metabolism, and the long-term survival in patients
22
with CHD. In the present study, the results showed that all
HRV parameters were signiﬁcantly improved after 4-week
TMZ-based therapy. In particular, SDNN, and all parameters
related to the parasympathetic-nerve activity (including
RMSSD, SDSD, pNN50, and norm-HF) after TMZ exposure
were signiﬁcantly improved when compared with the non-exposed group, which was in line with the data from a previ23
ously published study. As Zhang et al. reported, TMZ treatment led to the increase of SDNN, SDANN, RMSSD, pNN50,
and HF, which further improved HRV and reduced the incidence of cardiovascular adverse events in elderly patients
23
with the acute coronary syndrome. The beat-to-beat HRV
was regulated by CANS predominantly through cardiac
parasympathetic (vagal) innervation of the sinus node.
562

Thus, the more obvious improvement of HRV by TMZ treatment reﬂected the correction of CANS function. Similarly,
another research also reported the beneﬁcial eﬀects of
short-term preoperative preconditioning with TMZ on
myocardial injury, endothelial function and CANS function
during the perioperative period of PCI in patients with coro24
nary artery disease, further supporting this ﬁnding. LF/HF
ratio is often used to determine sympathovagal balance. In
this study, the most obvious change is LF/HF ratio among all
HRV indices. Thus, LF/HF should be noticed when other HRV
indices are insensitive. With regard to the incidence of
major adverse cardiovascular events, there was no statistical signiﬁcance between the two therapeutic regimens,
indicating that TMZ would not increase the risk of adverse
cardiovascular events on the basis of conventional therapy.
Collectively, TMZ has the potential to be an eﬀective and
safety method for CANS improvement.
The small sample size and short follow-up time are the
potential criticisms for this respective study, which may lead
to bias in these results. Even so, by sample size calculation,
45 patients in each group would provide 90% power. Therefore, the sample size of 50 in each group is suﬃcient to
ensure statistical validity. Additionally, this study had its
inherent limitations of the non-randomised and retrospective design. Thus, a long-term, prospective study is in
progress.

CONCLUSION
The present pilot study demonstrated that the application of
TMZ based on conventional therapy eﬀectively improved
the HRV in CHD patients who underwent PCI, suggesting
that TMZ has the potential to be used in the improvement of
CANS function. However, a wide investigation is still needed
to verify our ﬁndings
ETHICAL APPROVAL:
This study was conducted in accordance with the Helsinki
Declaration, and approved by the Ethics committee of The
Second Hospital of Hebei Medical University (Ethical
Approval No. 2018-R091).

Journal of the College of Physicians and Surgeons Pakistan 2022, Vol. 32(05): 559-564

Trimetazidine eﬀect on the cardiac autonomic nerve system after percutaneous coronary intervention

PATIENTS’ CONSENT:
Informed consent was obtained from all individual participants included in the study.
COMPETING INTEREST:
The authors declared no conﬂicts of interest.
FUNDING:
This research was supported by the Key Project of Medical
Science Research in Hebei Province (Grant No. 20180292,
20190498, and 20190064).
AUTHORS' CONTRIBUTION:
BX, PY, YJ: Conception or design of the work, analysis or
interpretation of data for the work.
XY, PY, FL, JL, XY: Drafting the work or revising it critically
for important intellectual content.
XY: Final approval of the version to be published.
All authors agreed to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

cardiometabolic events. Front Neurosci 2018; 12(591):591.
doi:10.3389/fnins.2018.00591.
9. The Lancet. 40 years of percutaneous coronary intervention:

Where next? Lancet 2017; 390 (10096):715. doi:10.1016/
s0140-6736(17)32238-9.
10. Yu RX, Müller-Riemenschneider F. Eﬀectiveness of exercise

after PCI in the secondary prevention of coronary heart
disease: A systematic review. Eur J Integr Med 2011; 3(2):
e63-e9. doi:10.1016/j.eujim.2011.04.021.
11. Xiang Y, Peng J, Liu Q, Guo C. The association between CD69

and EGR1 levels, and CHD patients without reﬂow after PCI.
Exp Ther Med 2019; 17:5):3913-20. doi:10.3892/etm.
2019.7411.
12. Chen MG, Liang X, Kong L, Wang J, Wang F, Hu X, et al.

Eﬀect of baduanjin sequential therapy on the quality of life
and cardiac function in patients with AMI after PCI: A
randomised controlled trial. Evid Based Complement
Alternat Med 2020; 2020:8171549. doi:10.1155/2020/81
71549.
13. Mottillo S, Filion KB, Joseph L, Eisenberg MJ. Deﬁning optimal

activated clotting time for percutaneous coronary intervention: A systematic review and bayesian meta-regression.
Catheter Cardiovasc Interv 2017; 89(3):351-66. doi:10.
1002/ccd.26652.

REFERENCES
14.

1. Jian W, Li L, Wei XM, Wu CQ, Gui C. Prognostic value of

angiopoietin-2 for patients with coronary heart disease after
elective PCI. Medicine (Baltimore) 2019; 98:5:e14216.
doi:10.1097/MD.0000000000014216.
2. Wang Y, Li Y, Liu X, Zhang H, Abdulai T, Tu R, et al. Preva-

lence and inﬂuencing factors of coronary heart disease and
stroke in Chinese rural adults: The henan rural cohort study.
Front Public Health 2019; 7:411. doi:10.3389/fpubh.2019
.00411.
3. Salmoirago-Blotcher E, Hovey KM, Andrews CA, Allison M,

Brunner RL, Denburg NL, et al. Psychological traits, heart
rate variability, and risk of coronary heart disease in healthy
aging women-the women's health initiative. Psychosom Med
2019; 81(3):256-64. doi:10.1097/psy.000000000000 0672.
4. Huang S, Xie X, Sun Y, Zhang T, Cai Y, Xu X, et al. Develop-

ment of a nomogram that predicts the risk for coronary
atherosclerotic heart disease. Aging (Albany NY) 2020;
12(10):9427-39. doi:10.18632/aging.103216.
5. DeQuattro V, Hamad R. The role of stress and the sympa-

thetic nervous system in hypertension and ischemic heart
disease: Advantages of therapy with beta-receptor blockers.
Clin Exp Hypertens A 1985; 7(7):907-32. doi:10.3109/
10641968509077238.
6. Laukkanen T, Lipponen J, Kunutsor SK, Zaccardi F, Araujo

CGS, Makikallio TH, et al. Recovery from sauna bathing favorably modulates cardiac autonomic nervous system. Complement Ther Med 2019; 45:190-7. doi:10.1016/j.ctim.2019.
06.011.
7. Lymperopoulos A, Cora N, Maning J, Brill AR, Sizova A.

Signaling and function of cardiac autonomic nervous system
receptors: Insights from the GPCR signalling universe. FEBS J
2021; 288(8):2645-59. doi.org/10.1111/febs.15771.
8. Vinik AI, Casellini C, Parson HK, Colberg SR, Nevoret ML.

Cardiac autonomic neuropathy in diabetes: A predictor of
Journal of the College of Physicians and Surgeons Pakistan 2022, Vol. 32(05): 559-564

Yao D, Wang C, Han L, Zhang P, Liu J, Wang B, et al.
Compound danshen dripping pills combined with trimetazidine in treating unstable angina pectoris. Medicine 2019;
98(49):e18238. doi:10.1097/md.0000000000018238.

15. Wei Z, Lyu Y, Yang X, Chen X, Zhong P, Wu D. Therapeutic

values of human urinary kallidinogenase on cerebrovascular
diseases. Front Neurol 2018; 9:403. doi:10.3389/fneur.
2018.00403.
16. Birand A, Kudaiberdieva GZ, Batyraliev TA, Akgul F, Usal A.

Eﬀects of trimetazidine on heart rate variability and left
ventricular systolic performance in patients with coronary
artery disease after percutaneous transluminal angioplasty.
Angiology 1997; 48(5):413-22. doi:10.1177/0003319797048
00505.
17. Dalal JJ, Mishra S. Modulation of myocardial energetics: An

important category of agents in the multimodal treatment of
coronary artery disease and heart failure. Indian Heart J
2017; 69(3):393-401. doi:10.1016/j.ihj.2017.04.001.
18. Kiuchi MG, Nolde JM, Villacorta H, Carnagarin R, Chan JJS,

Lugo-Gavidia LM, et al. New approaches in the management
of sudden cardiac death in patients with heart failure-targeting the sympathetic nervous system. Int J Mol Sci 2019;
20(10). doi:10.3390/ijms20102430.
19. Song T, Qu XF, Zhang YT, Cao W, Han BH, Li Y, et al. Useful-

ness of the heart-rate variability complex for predicting
cardiac mortality after acute myocardial infarction. BMC
Cardiovasc Disord 2014; 14:59. doi:10.1186/14712261-14-59.
20. Abrootan S, Yazdankhah S, Payami B, Alasti M. Changes in

heart rate variability parameters after elective percutaneous
coronary intervention. J Tehran Heart Cent 2015; 10(2):
80-4.
21. Szmigielska K, Szmigielska-Kapłon A, Jegier A. The inﬂuence

of comprehensive cardiac rehabilitation on heart rate variability indices after CABG is more eﬀective than after PCI. J
563

Bing Xiao, Peng-Fan Yin, Ye-Hui Jin, Fan Liu, Jing-Chao Lu and Xiu-Chun Yang

heart rate variability in elderly patients with acute coronary
syndrome. Pak J Med Sci 2016; 32(1):75-8. doi:10.12669/
pjms.321.8378.

Cardiovasc Transl Res 2017; 11(1):50-7. doi:10.1007/
s12265-017-9773-x.
22. Wu S, Chang G, Gao L, Jiang D, Wang L, Li G, et al. Trimetazi-

dine protects against myocardial ischemia/reperfusion injury
by inhibiting excessive autophagy. J Mol Med (Berl) 2018;
96(8):791-806. doi:10.1007/s00109-018-1664-3.

24. Shao S, Shi Z, Tse G, Wang X, Ni Y, Liu H, et al. Eﬀects of

23. Zhang J, He S, Wang X, Wang D. Eﬀect of trimetazidine on

Trimetazidine pretreatment on endothelial dysfunction and
myocardial injury in unstable angina patients undergoing
percutaneous coronary intervention. Cardiol Res Pract 2019;
2019:4230948. doi:10.1155/2019/4230948.

••••••••••

564

Journal of the College of Physicians and Surgeons Pakistan 2022, Vol. 32(05): 559-564

