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Abstract: Objectives: We tested whether management with metabolic cytoprotective and antiischemic agent trimeta-
zidine may reduce readmissions in advanced heart failure (HF) patients through the possible improvement of left
ventricular ejection fraction (LV EF) and filling pressure. Methods: This was a single-center prospective open-label
study. The study population included initially 40 patients with advanced HF and EF <30%, NYHA IlI-IV functional
class, significant restriction of physical activity and at least 1 hospitalization during the last 12 months. After dis-
charge patients were assigned to additional treatment with trimetazidine 80 mg/daily dose (20 patients) or stan-
dard guideline-based pharmacological therapy (20 patients). After enroliment patients underwent a total of four
outpatient clinical and echocardiographic examinations (baseline before discharge, 2 weeks, 1, 3 and 6 months
after the discharge). The echocardiographic assessment of EF and LV filling pressure by Tissue Doppler were per-
formed blindly. Results: At 6 months, trimetazidine-treated patients had an improvement of LV EF (from 23.7% to
25%) as compared to controls (from 22.5% to 22.6%). Tissue Doppler study showed a decrease of LV filling pressure
in trimetazidine treated group from 15.1 at baseline to 13.7 after 6 months of treatment. In the control group, LV
filling pressure remained unchanged (from 16.78 to 16.7) (P<0.001). The rate of hospitalizations for cardiovascular
causes was reduced at 6 months (83.3% vs 70.0%). Conclusions: Treatment with trimetazidine 80 mg/daily in ad-
dition to standard guideline-based therapy for 6-months decreased hospitalization, improved systolic function and
LV filling pressure in advanced HF patients.
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filling pressure

Introduction In several studies, it was shown that myocardial

energy metabolism is altered in advanced stag-

Advanced heart failure (HF) represents the
extreme of HF and is characterized by persis-
tent HF symptoms and progressive myocardial
dysfunction, despite the guideline-recommend-
ed treatment. Patients with advanced HF have
frequent hospital readmissions and poor quali-
ty of life [1, 2]. Poor tolerance to guideline-rec-
ommended medical therapy in such patients
is the frequent need to undergo definitive
treatment.

Alterations of myocardial energetic metabolism
in patients with chronic HF contribute to systol-
ic dysfunction and myocardial remodelling.

es of HF with reduced mitochondrial oxidative
metabolism and downregulation of glucose
and fatty acid oxidation [3-6]. Current treat-
ment of HF targets fluid overload and neurohu-
moral overactivation. Several studies have sug-
gested that the metabolic agent trimetazidine
improves functional capacity in patients with
HF with reduced ejection fraction (HFrEF) and
mortality through selective inhibition of mito-
chondrial long-chain 3-ketoacyl coenzyme A
thiolase and increase of glucose oxidation
[7-10]. In our previous studies, we reported,
that trimetazidine improves left ventricular (LV)
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function and functional capacity at 6-months
follow-up [11].

Patients with advanced HF have poor outcomes
and limited opportunities for guideline-recom-
mended pharmacotherapy due to compromis-
ed hemodynamics, high number of comorbidi-
ties and fragility. Treatment of such patients
represents a challenge, because of low blood
pressure, severely reduced EF, and resistance
to diuretics. Cumulated data on the beneficial
effects of trimetazidine in HFrEF suggest, that
in advanced HF patients with chronic reduc-
tion of coronary blood flow and inability to
adjust myocardial performance for peripheral
metabolic needs, metabolic intervention with
trimetazidine may improve clinical state and
myocardial performance [9, 12, 13].

Apart from this, taking into consideration, that
glucose oxidation may exert less ATP utilization
compared to fatty acid oxidation, such an adap-
tive approach of pharmacotherapy may have a
beneficial influence in severe forms of HF [14].
However, at present, it is not evident whether
the improvement of the metabolic state of isch-
emic myocardium seen with trimetazidine in
myocardial systolic dysfunction may occur also
in advanced HF with poor prognosis. Therefore,
we aimed to study the impact of such metabolic
intervention with trimetazidine on important LV
echocardiographic indices and outcomes in HF
patients with high-risk profile and high NYHA
class.

Materials and methods
Study population

The study population included initially 40
patients with advanced HF and EF <30%, NYHA
IlI-IV functional class, significant restriction of
physical activity and having at least 1 hospital-
ization during the last 12 months. All patients
had sustained NYHA lll-IV functional class
symptoms despite receiving maximally tolerat-
ed guideline-recommended medical therapy.
Comorbidities and clinical data of patients were
obtained from patient examination and hospi-
tal medical records. During hospitalization,
patients received appropriate therapeutic in-
terventions, including inotropes, intravenous
diuretics, and iron supplementation. After the
discharge patients were assigned to trimetazi-
dine (20 patients) or standard guideline-recom-
mended pharmacologic therapy (20 patients)
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groups. The number of patients was deter-
mined based on prior studies with trimetazi-
dine conducted with a similar design.

One patient from trimetazidine group dropped
out of the study due to low adherence to
medical treatment. Both echocardiographic
and study endpoint assessment were per-
formed blindly.

Study design

This was a single-center prospective open-label
study. After group allocation 40 patients were
included and 38 completed the study. All
patients underwent outpatient visits with a
total of four examinations (baseline before the
discharge, 2 weeks, 1, 3 and 6 months after
the discharge). At each visit careful clinical
examination and cardiovascular and lung ultra-
sound were performed for the congestion
assessment according to the hospital protocol
for advanced HF patients, which was previously
described and applied for HF patients follow-up
monitoring [15]. Physical examination was per-
formed by trained heart failure physicians. LVEF
was measured at discharge and at 6 months
follow-up. All echocardiographic measurements
were performed according to American Society
of Echocardiography guidelines [16, 17]. LV
Filling pressure and inferior vena cava assess-
ment to evaluate congestion status were per-
formed by experienced HF specialists and
trained echocardiography physicians in accor-
dance with European Society of Cardiology
Heart Failure Association (ESC HFA) and
American Society of Echocardiography (ASE)
guidelines [17]. The study protocol was dis-
cussed and approved by the Ethics Committee
of Yerevan State Medical University. The infor-
med consent was obtained from all patients
prior to their enrollment in the study. Patients
were allocated into two homogeneous groups.
Diuretic treatment modification at outpatient
visits was allowed during the study depending
on clinical, echocardiographic and lung ultra-
sound-based congestion signs at outpatient
visits. Patients were empirically allocated to
receive trimetazidine added to baseline thera-
py or continue without the additional trimetazi-
dine therapy. Group A (n=18 patients) received
additional trimetazidine modified form at a
dose of 80 mg once daily for 6 months in addi-
tion to conventional guideline-recommended
treatment of HF. Group B (n=20 patients)
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Table 1. Baseline characteristics of the patients in trimetazidine-treated and control groups

Trimetazidine group (n=18)

Control group (n=20)

Mean age

Male

Female

CHF (NYHAII)

CHF (NYHA 11I-IV)

Previous Ml

Diabetes mellitus

Chronic kidney disease (GFR <30 ml/min)
Revascularization

LV EF (%)

SBP (mmHg)

DBP (mmHg)

LA volume index

E/e’ ratio

Beta-blockers

RAAS inhibitors
Intravenous diuretic doses
Aldosterone antagonists
Digoxin

65.44 +9.77 65.90 + 10.79

11 (61.1%) 15 (75%)
7 (38.9%) 5 (25%)
1 (5.56%) 4 (20%)
17 (94.4%) 16 (80%)
13 (72.2%) 19 (95%)
5 (27.78%) 7 (35%)
1 (5.56%) 0 (0%)

6 (33.3%) 7 (35%)
23.7 £ 5.79 22.50 + 5.50
125.59 + 26.03 117.50 + 20.74
78.82 +16.16 76.00 + 12.31
54.55 + 29.09 46.22 +23.24
15.1 + 6.00 16.78 + 6.02
18 (100%) 20 (100%)
14 (77.7%) 19 (95%)

5 (27.8%) 7 (35%)

16 (88.9%) 19 (95%)

1 (5.56%) 0 (0%)

Parametric data are expressed as mean + SD, non-parametric data as number of patients (%). CHF - chronic heart failure;
NYHA - New York Heart Association; GFR - glomerular filtration rate; LV EF - left ventricular ejection fraction; SBP - systolic blood
pressure; DBP - diastolic blood pressure; LA - left atrium; RAAS - renin-angiotensin-aldosterone system.

received conventional HF treatment including
renin-angiotensin-aldosterone system (RAAS)
inhibitors, beta-blockers, loop diuretics, and
mineralocorticoid receptor antagonists.

Statistical analysis

Data were analyzed by a commercially availa-
ble IBM_22.0.0 SPSS statistical package (IBM,
Armonk, NY, USA). Continuous variables with
normal distribution are expressed using mean
and standard deviation (SD), while categorical
variables are presented as numbers and per-
centages. All p-value estimates were obtained
from 2-tailed tests and results were deemed
statistically significant at P<0.05. Due to the
non-randomized nature of the study, the pro-
pensity score (PS) was performed in order to
minimize selection bias between the groups.
The Kaplan-Meier test was used to compare
death and rehospitalization probability and the
Mantel-Cox log rank test was used to compare
mean survival time between groups.

Results
Of 40 patients who were enrolled 38 complet-

ed the protocol. One patient on the trimetazi-
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dine arm was excluded from the study because
of non-adherence to the study protocol and one
patient died in the same group. The cause of
death was cardiovascular.

Both groups were comparable at baseline with
regards to their clinical characteristics, hemo-
dynamics, echocardiographic evaluation and
distribution of their concomitant treatment
(Table 1). There were no statistical differences
with regards to main HF characteristics, namely
EF, hemodynamics, and left ventricular filling
pressure in both groups.

The relatively higher percentage of RAAS in-
hibitors treatment in the control group may be
explained by a better tolerance of these pati-
ents to medications with hemodynamic effects.

In the trimetazidine group increase in LVEF was
observed after 6-month of follow-up compared
to controls (Figure 1). Decrease of LV filling pre-
ssure was observed in both groups but was
more significant in the trimetazidine group
(Figure 2).

Changes in echocardiographic parameters are
presented in Figures 1 and 2.
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Figure 1. Changes in echocardiographic LV EF in the trimetazidine and con-
trol groups during the follow-up. TMZ - trimetazidine; LV EF - left ventricular

ejection fraction.

m TMZ goup  m Control group
15

1
0.5
0
-0.08
-0.5

-1

E/E' RATIO CHANGE (P<0.001)

-1.5

-2

Figure 2. Changes in E/e’ ratio in the trimetazidine and control groups.

After 6-month of treatment, a statistically sig-
nificant decrease in E/e’ ratio was observed in
the trimetazidine group compared to controls.

The case processing analysis summary showed
that the number of events was two times less
in the trimetazidine group compared to controls
(Table 2).

During the follow-up period reduction of HF
hospitalization was observed in trimetazidine
group expressed by only 5 HF decompensation-
related hospitalizations among 3 patients in
trimetazidine treated group and a total of 7
hospitalizations (6 HF decompensations, 1
stroke) among 6 patients in the control group
(Figure 3). Treatment modification with loop
diuretics to prevent decompensation and
rehospitalisation with an increase of diuretic
doses and switch to intravenous diuretics was
performed in 5 patients in trimetazidine group
and 7 patients in control group.

16

0.1%

After a 6-months follow-up
period, the effect on mortality
was neutral (Figure 4).

Discussion

In this small cohort of patients
with high-risk HF, we demon-
strated the potential efficacy of
trimetazidine therapy by mod-
erate, but statistically evident
improvement of LVEF and filling
pressure parameters. There
was also a decrease in rehos-
pitalizations in the trimetazi-
dine group compared to con-
trols, although effects on mor-
tality were neutral.

To the best of our knowledge,
this is the first study evaluating
the effect of trimetazidine on
LV filling pressure.

The results of our study have
clinical significance since the
increased E/e’ ratio reflects
elevated left atrial pressure
and plays an important role in
the progression of HF [18].
Pathophysiologic explanation
of such clinical improvement
with a decrease in hospitaliza-
tions may be associated with a
beneficial metabolic effect on myocardial ener-
getic profile and improvement of systolic func-
tion, proven previously in several studies and
meta-analysis [8, 11, 19, 20].

Patients with advanced HF remain at high risk
of death and hospitalizations despite the ad-
vances in treatment during the last decades.

HF treatment in patients with advanced HF is
challenging due to low systolic blood pressure,
higher NYHA functional class and low EF [21].
Pharmacological agents available for long-term
treatment of patients with high-risk profiles
have several limitations with regard to hemody-
namics and the tolerability influences, side
effects, particularly in renal failure patients.
Non hemodynamic approach with purely meta-
bolic mechanism of action with minimal side
effects and optimal patient compliance beco-
mes very important in this cohort of patients.
To the best of our knowledge, our study was the
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Table 2. Case processing summary table for hospitalizations

Number of Number of Number of Percent of
patients  hospitalized patients non-hospitalized patients non-hospitalized patients
Trimetazidine group 18 3 15 83.3%
Control group 20 6 14 70.0%
Total in both groups 38 9 29 76.3%

Survival Functions
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Figure 3. Kaplan-Meier curve showing reduction of hospitalizations in
trimetazidine-treated group compared to controls.
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Figure 4. Kaplan-Meier curve showing the effects on mortality in the groups.

first aiming to evaluate the metabolic interven-
tion by trimetazidine in patients with advanced

Trimetazidine is widely used
antianginal medication that
has been demonstrated to re-
duce the number of ischemic
events and improve exercise
tolerance in patients with ch-
ronic coronary artery disease
including those with diabetes,
and systolic dysfunction [22-
26]. It has been shown to
improve ejection fraction in
patients with systolic dysfunc-
tion and to enhance the res-
ponse to dobutamine stress
test in individuals with post-
ischemic left ventricular dys-
function [27-29].

Our small study in patients
with advanced HF included is-
chemic patients with high pr-
evalence of diabetes mellitus
and chronic kidney disease. In
patients with chronic HF, the
influence of trimetazidine on
mortality was shown in seve-
ral studies with long follow-up
periods [30, 31].

The beneficial effects of tri-
metazidine on mortality, hospi-
talizations, and left ventricle
function could be related to
the peculiar mechanism of ac-
tion of the drug. Trimetazidine
exerts myocardial antiische-
mic effect independently from
changes in oxygen supply-to-
demand ratio. The antiisch-
emic effect of trimetazidine is
obtained on a cellular level by
shifting the energy substrate
reference from fatty acid oxi-

dation by rapidly restoring the phosphorylation
processes, protecting cardiac cells against

HF. intracellular acidosis, preventing the intracellu-
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lar accumulation of sodium and calcium ions,
and finally by reducing oxidative damage [32-
34]. All these properties contribute to protec-
tion of the myocardial cell against necrotic and
apoptotic cell death. Our study was the first
showed such effect in patients with advanced
HF with compromised hemodynamics and fre-
quent hospitalizations.

There were no trimetazidine treatment-related
adverse events experienced by any of the
patients.

Limitations

The limitations of our study were the small
number of patients and the relatively short peri-
od (6 months) of follow-up, which did not allow
us to assess mortality and long-term benefits
compared with that observed with other HF
treatment medications with proven effects.

Nevertheless, the effect of trimetazidine was
studied in patients with advanced HF patients,
who were outpatients and not on device
therapy.

Part of the patients was on intermittent intrave-
nous furosemide intervention which might influ-
ence the clinical course, although the num-
ber of such patients was comparable in both
groups.

Conclusions

Treatment with trimetazidine 80 mg/daily dose
in addition to standard guideline-recommend-
ed therapy, over a 6-month period, decreased
hospitalizations, improved LV systolic function
and LV filling pressure in patients with advanced
HF patients. The use of trimetazidine was as-
sociated with good tolerance. An improvement
of LV function parameters indicated that the
addition of trimetazidine to standard treatment
in advanced HF can promote the functional
improvement through the beneficial effects on
systolic function and diastolic filling pressure.
Such effects lead to a decrease in frequently
observed hospitalizations in this cohort of
patients.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Syuzanna A
Shahnazaryan, Department of General and Invasive

18

Cardiology, “Heratsi” Hospital Complex No 1,
Yerevan State Medical University, 2 Koryun Street
0025, Yerevan, Armenia. Tel: 374-9808-6988;
E-mail: syuzanna.shahnazaryan@gmail.com

References

[1]  Truby LK and Rogers JG. Advanced heart fail-
ure: epidemiology, diagnosis, and therapeutic
approaches. JACC Heart Fail 2020; 8: 523-
536.

[2] Crespo-Leiro MG, Metra M, Lund LH, Milicic D,
Costanzo MR, Filippatos G, Gustafsson F, Tsui
S, Barge-Caballero E, De Jonge N, Frigerio M,
Hamdan R, Hasin T, Hilsmann M, Nalbantgil S,
Potena L, Bauersachs J, Gkouziouta A, Ruhpar-
war A, Ristic AD, Straburzynska-Migaj E, Mc-
Donagh T, Seferovic P and Ruschitzka F. Ad-
vanced heart failure: a position statement of
the Heart Failure Association of the European
Society of Cardiology. Eur J Heart Fail 2018;
20: 1505-1535.

[3] D’Amato A, Prosperi S, Severino P, Myftari V,
Labbro Francia A, Cestié C, Pierucci N, Marek-
lannucci S, Mariani MV, Germano R, Fanisio F,
Lavalle C, Maestrini V, Badagliacca R, Manco-
ne M, Fedele F and Vizza CD. Current ap-
proaches to worsening heart failure: patho-
physiological and molecular insights. Int J Mol
Sci 2024; 25: 1574.

[4] Taylor M, Wallhaus TR, Degrado TR, Russell
DC, Stanko P, Nickles RJ and Stone CK. An
evaluation of myocardial fatty acid and glucose
uptake using PET with [18F]fluoro-6-thia-hep-
tadecanoic acid and [18F]FDG in patients with
congestive heart failure. J Nucl Med 2001; 42:
55-62.

[5] Yazaki, Isobe M, Takahashi W, Kitabayashi H,
Nishiyama O, Sekiguchi M and Takemura T. As-
sessment of myocardial fatty acid metabolic
abnormalities in patients with idiopathic dilat-
ed cardiomyopathy using 123| BMIPP SPECT:
correlation with clinicopathological findings
and clinical course. Heart 1999; 81: 153-159.

[6] Davila-Roman VG, Vedala G, Herrero P, de las
Fuentes L, Rogers JG, Kelly DP and Gropler RJ.
Altered myocardial fatty acid and glucose me-
tabolism in idiopathic dilated cardiomyopathy.
J Am Coll Cardiol 2002; 40: 271-277.

[7] Brottier L, Barat JL, Combe C, Boussens B,
Bonnet J and Bricaud H. Therapeutic value of a
cardioprotective agent in patients with severe
ischaemic cardiomyopathy. Eur Heart J 1990;
11: 207-212.

[8] Vitale C, Wajngaten M, Sposato B, Gebara O,
Rossini P, Fini M, Volterrani M and Rosano GM.
Trimetazidine improves left ventricular func-
tion and quality of life in elderly patients with

Am J Cardiovasc Dis 2025;15(1):13-20


mailto:syuzanna.shahnazaryan@gmail.com

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

(17]

19

coronary artery disease. Eur Heart J 2004; 25:
1814-1821.

Belardinelli R, Georgiou D and Purcaro A. Low
dose dobutamine echocardiography predicts
improvement in functional capacity after exer-
cise training in patients with ischemic cardio-
myopathy: prognostic implication. J Am Coll
Cardiol 1998; 31: 1027-34.

Nassiri S, Van de Bovenkamp AA, Remmelz-
waal S, Sorea O, de Man F and Handoko ML.
Effects of trimetazidine on heart failure with
reduced ejection fraction and associated clini-
cal outcomes: a systematic review and meta-
analysis. Open Heart 2024; 11: e002579.
Sisakian H, Torgomyan A and Barkhudaryan A.
The effect of trimetazidine on left ventricular
systolic function and physical tolerance in pa-
tients with ischaemic cardiomyopathy. Acta
Cardiol 2007; 62: 493-499.

Kantor PF, Lucien A, Kozak R and Lopaschuk
GD. The antianginal drug trimetazidine shifts
cardiac energy metabolism from fatty acid oxi-
dation to glucose oxidation by inhibiting mito-
chondrial long-chain 3-ketoacyl coenzyme A
thiolase. Circ Res 2000; 86: 580-588.
Fragasso G, Palloshi A, Puccetti P, Silipigni C,
Rossodivita A, Pala M, Calori G, Alfieri O and
Margonato A. A randomized clinical trial of
trimetazidine, a partial free fatty acid oxidation
inhibitor, in patients with heart failure. J Am
Coll Cardiol 2006; 48: 992-998.

Spoladore R, Pinto G, Daus F, Pezzini S, Kolios
D and Fragasso G. Metabolic approaches for
the treatment of dilated cardiomyopathy. J Car-
diovasc Dev Dis 2023; 10: 287.

Sisakian H, Shahnazaryan S, Pepoyan S,
Minasyan A, Martirosyan G, Hovhannisyan M,
Maghaqelyan A, Melik-Stepanyan S, Chopikyan
A and Lopatin Y. Reduction of hospitaliza-
tion and mortality by echocardiography-guided
treatment in advanced heart failure. J Cardio-
vasc Dev Dis 2022; 9: 74.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Arm-
strong A, Ernande L, Flachskampf FA, Foster E,
Goldstein SA, Kuznetsova T, Lancellotti P, Mu-
raru D, Picard MH, Rietzschel ER, Rudski L,
Spencer KT, Tsang W and Voigt JU. Recommen-
dations for cardiac chamber quantification by
echocardiography in adults: an update from
the American Society of Echocardiography and
the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr 2015; 28:
1-39, el4.

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF
3rd, Dokainish H, Edvardsen T, Flachskampf
FA, Gillebert TC, Klein AL, Lancellotti P, Marino
P, Oh JK, Popescu BA and Waggoner AD. Rec-
ommendations for the evaluation of left ven-
tricular diastolic function by echocardiography:

(19]

[20]

[22]

(23]

(24]

[25]

[26]

[27]

Trimetazidine reduces rehospitalizations in patients with advanced heart failure

an update from the American Society of Echo-
cardiography and the European Association of
Cardiovascular Imaging. J Am Soc Echocar-
diogr 2016; 29: 277-314.

Smart N, Haluska B, Leano R, Case C, Mottram
PM and Marwick TH. Determinants of function-
al capacity in patients with chronic heart fail-
ure: role of filling pressure and systolic and dia-
stolic function. Am Heart J 2005; 149:
152-158.

Zhao C, Jin C, He X and Xiang M. The efficacy of
trimetazidine in non-ischemic heart failure pa-
tients: a meta-analysis of randomized con-
trolled trials. Rev Cardiovasc Med 2021; 22:
1451-1459.

Gao D, Ning N, Niu X, Hao G and Meng Z.
Trimetazidine: a meta-analysis of randomised
controlled trials in heart failure. Heart 2011;
97: 278-286.

Rosano GMC, Moura B, Metra M, Bohm M,
Bauersachs J, Ben Gal T, Adamopoulos S, Ab-
delhamid M, Bistola V, Celutkiené J, Chioncel
O, Farmakis D, Ferrari R, Filippatos G, Hill L,
Jankowska EA, Jaarsma T, Jhund P, Lainscak
M, Lopatin Y, Lund LH, Milicic D, Mullens W,
Pinto F, Ponikowski P, Savarese G, Thum T, Volt-
errani M, Anker SD, Seferovic PM and Coats
AJS. Patient profiling in heart failure for tailor-
ing medical therapy. A consensus document of
the Heart Failure Association of the European
Society of Cardiology. Eur J Heart Fail 2021;
23: 872-881.

Levy S. Combination therapy of trimetazidine
with diltiazem in patients with coronary artery
disease. Group of South of France Investiga-
tors. Am J Cardiol 1995; 76: 12B-16B.
Manchanda SC and Krishnaswami S. Combi-
nation treatment with trimetazidine and diltia-
zem in stable angina pectoris. Heart 1997; 78:
353-357.

Michaelides A, Vyssoulis G, Bonoris P, Psaros
T, Papadopoulos P and Toutouzas P. Beneficial
effects of trimetazidine in men with stable agi-
na under beta-blocker treatment. Cur Ther Res
1989; 46: 565-576.

Marzilli M. Management of ischaemic heart
disease in diabetic patients—is there a role for
cardiac metabolic agents? Curr Med Res Opin
2001; 17: 153-158.

Harjoko RP, Sobirin MA, Uddin |, Bahrudin U,
Maharani N, Herminingsih S and Tsutsui H.
Trimetazidine improves left ventricular global
longitudinal strain value in patients with heart
failure with reduced ejection fraction due to
ischemic heart disease. Drug Discov Ther
2022; 16: 177-184.

Brottier L, Barat JL, Combe C, Boussens B,
Bonnet J and Bricaud H. Therapeutic value of a
cardioprotective agent in patients with severe

Am J Cardiovasc Dis 2025;15(1):13-20



[28]

[29]

[30]

(31]

20

ischaemic cardiomyopathy. Eur Heart J 1990;
11: 207-212.

Lu C, Dabrowski P, Fragasso G and Chierchia
SL. Effects of trimetazidine on ischemic left
ventricular dysfunction in patients with coro-
nary artery disease. Am J Cardiol 1998; 82:
898-901.

Belardinelli R and Purcaro A. Effects of trimeta-
zidine on the contractile response of chroni-
cally dysfunctional myocardium to low-dose
dobutamine in ischaemic cardiomyopathy. Eur
Heart J 2001; 22: 2164-2170.

Di Napoli P, Di Giovanni P, Gaeta MA, Taccardi
AA and Barsotti A. Trimetazidine and reduction
in mortality and hospitalization in patients with
ischemic dilated cardiomyopathy: a post hoc
analysis of the Villa Pini d’Abruzzo Trimetazi-
dine Trial. J Cardiovasc Pharmacol 2007; 50:
585-589.

Fragasso G, Rosano G, Baek SH, Sisakian H, Di
Napoli P, Alberti L, Calori G, Kang SM, Sahaky-
an L, Sanosyan A, Vitale C, Marazzi G, Margo-
nato A and Belardinelli R. Effect of partial fatty
acid oxidation inhibition with trimetazidine on
mortality and morbidity in heart failure: results
from an international multicentre retrospective
cohort study. Int J Cardiol 2013; 163: 320-
325.

[32]

[33]

[34]

Trimetazidine reduces rehospitalizations in patients with advanced heart failure

Lee L, Horowitz J and Frenneaux M. Metabolic
manipulation in ischaemic heart disease, a
novel approach to treatment. Eur Heart J
2004; 25: 634-641.

Allibardi S, Chierchia SL, Margonato V, Merati
G, Neri G, Dell’Antonio G and Samaja M. Ef-
fects of trimetazidine on metabolic and func-
tional recovery of postischemic rat hearts. Car-
diovasc Drugs Ther 1998; 12: 543-549.
Renaud JF. Internal pH, Na+, and Ca2+ regula-
tion by trimetazidine during cardiac cell acido-
sis. Cardiovasc Drugs Ther 1988; 1: 677-686.

Am J Cardiovasc Dis 2025;15(1):13-20



