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Abstract

Objective

To explore the effect of adding trimetazidine to other anti-anginal drugs on the functional
capacity of ischemic heart disease (IHD) patients not suitable for revascularization when
compared to first-line antianginal drugs alone.

Methods

MEDLINE and EMBASE databases were searched for English-language peer-reviewed
randomized controlled trials (RCTs) comparing trimetazidine with first-line antianginal drugs
alone or with placebo in IHD patients not suitable for revascularization and were included in
this review. Quality of studies were assessed using the Cochrane collaboration “risk of bias”
tool.

Results

Six RCTs, three were crossover studies. A total of 312 participants were included in this
review. Overall quality of studies was moderate. Two studies found improvement in the 6-
minute walking test (6-MWT) [standardized mean differences (SMD) 1.75; 95% Cl 1.35 to
2.14; p <0.001], and two trials found improvement in the Canadian cardiovascular society
(CCS) grading of angina class (SMD -1.37; 95% CI -1.89 to -0.84) in the trimetazidine
group. Three of the better-quality trials found no increase in total exercise duration (TED)
(SMD 0.34; 95% CI -0.10 to 0.78; p < 0.13). Significant heterogeneity was identified among
trials describing outcomes for the New York Heart Association (NYHA) functional classifica-
tion and left ventricular ejection fraction (LVEF %).

Conclusion

Trimetazidine improve walking time and angina severity in IHD patients not suitable for
revascularization. Due to the inconsistency of available evidence, RCTs targeting IHD
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patients with “no option” to undergo coronary revascularization is required to clarify this
review question.

Introduction

Increasing number of patients with coronary artery disease (CAD), are experiencing angina
symptoms despite receiving optimal medical therapy. Those patients have limited revasculari-
zation options and are frequently referred to as ‘no option’ and have refractory angina (RA)
[1]. Estimated annual incidence of RA in Europe is 30-50,000 new cases per year [2]. The
European Society of Cardiology (ESC) defined RA as “a chronic condition of >3 months,
characterized by coronary insufficiency causing angina symptoms in the presence of CAD,
that is not amendable to revascularization procedures or medications” [3]. Revascularization
procedures; coronary artery bypass graft (CABG) surgery or percutaneous coronary interven-
tion (PCI), are performed to remove the stenosis limiting coronary arteries blood flow. Some
patients are not candidate or not planned for revascularization due to history of previous
CABG, comorbid conditions, or poor anatomy of coronary arteries [4]. Management of these
patients consists of a multidisciplinary approach that shifts the focus of therapy onto symp-
toms relief and improving quality of life [1].

Trimetazidine, an antianginal drug with metabolic properties that shifts cardiac metabolism
from free fatty acids oxidation to glucose oxidation, which consume less oxygen by myocardial
cells [5]. This mechanism distinguishes trimetazidine from other conventional antianginal
medications; beta-blockers (BBs), calcium channel blockers (CCBs), or nitrates, which exerts
cardio depressant activities (decreased heart rate and vasodilation) that limits their efficacy.
While trimetazidine relieve angina and enhance exercise tolerance without affecting hemody-
namic parameters [3,4]. Trimetazidine is recommended by ESC as add-on therapy to antiangi-
nal drugs for treating stable angina in heart failure (HF) patients with reduced ejection
fraction, who are symptomatic and intolerant to or inadequately controlled by first line antian-
ginal therapies [6].

Previous systematic reviews evaluated the effect of trimetazidine on exercise tolerance, and
left ventricular function of patients with heart HF and ischemic heart disease (IHD) [7-9],
found that adding trimetazidine to conventional therapy is effective in improving patients’
symptoms and exercise duration. However, these reviews didn’t focus on IHD patients not
suitable for revascularization, therefore, there is no robust evidence for the benefit of using tri-
metazidine in this subgroup of IHD patients [10]. Therefore, the overreaching aim of this sys-
tematic review is to investigate the effect of adding trimetazidine to first-line antianginal drugs
on functional and exercise measurements in IHD patients not suitable for revascularization
when compared to first-line antianginal drugs alone.

Methods

The PRISMA guidelines were followed in conducting and reporting the results of this system-
atic review and meta-analysis (S1 File). There is no previously published review protocol.

Search strategy

A systematic review and meta-analysis was performed in accordance with the Preferred
Reporting Items for Systematic Reviews guidelines [11]. A computer-based systematic search
was performed using the Medline database and the Embase database via OVID without date
restrictions through December 1%, 2020 using a standard form for data extraction. For search
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terms related to the treatment we used: “trimetazidine,” “vastarel”, “metacard”, or “idaptan”;
these terms were all combined with “exercise test”, or “functional capacity”. For disease-related

» « .

text terms we used “ischemic heart disease”, “heart failure”, “angina”, or “revascularization”.
Also, we searched “trimetazidine”, “ischemic heart disease” and “heart failure” as index terms
(MeSH) and were exploded as appropriate. The search was limited to clinical trials that
involved human subjects of age >18 years. The search was restricted to trials published in
English language. In addition, a manual search of the references of previous published studies
was carried out to identify relevant trials evaluating trimetazidine in IHD patients not eligible

for revascularization.

Study selection

The selection of studies was determined by two reviewers. All identified papers were reviewed
according to the following set of inclusion criteria:

1. The study design was Randomized controlled trials (RCTs)-irrespective of blinding.

2. The study population was IHD patients with coronary lesions not suitable for revasculariza-
tion, patients not candidate or not planned for revascularization.

3. The intervention in the study was oral trimetazidine whether its immediate release (IR),
modified release (MR), or sustained release (SR), and combined with first line (conven-
tional) antianginal drugs.

4. Interventions were compared with first-line antianginal drugs alone or with placebo.

5. Study outcomes should include functional capacity measurements; New York Heart Associ-
ation (NYHA) functional classification, if not reported then exercise total exercise duration
(TED) or 6-minute walking test (6-MWT) will be used. Severity of angina assessed using
Canadian cardiovascular society (CCS) grading of angina pectoris and echocardiography
results of left ventricular ejection fraction (LVEF%).

Studies were excluded according to the following:
1. Study design was not a randomized controlled trial.

2. The study population was non-IHD patients, HF patients from non-ischemic causes, or
patients who recently managed with or scheduled to undergo revascularization.

3. The intervention was not the oral form of trimetazidine.

4. The intervention was compared to agents other than first-line antianginal medications (e.g.
herbal agents).

5. Trials that did not report any functional capacity measurements.

Data extraction and quality assessment

Data extraction from studies were performed by two reviewers (AA and AM) using a stan-
dardized data extraction form specific for this review topic, where it was customized to obtain
information such as; author, country, year of publication, study design, duration, number of
patients, dose of trimetazidine, comparator(s), and study outcomes. Any disagreements
between authors were resolved by discussion. The quality of the included studies was judged
according to the Cochrane risk of bias tool for RCTs, which is a domain-based evaluation tool,
that critically assess specific study domains for their risk of bias (low, unclear or high). The
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methodological quality of each study was assessed for risk of bias using standard criteria: ran-
dom sequence generation; allocation concealment; blinding of participants, personnel, and
outcome assessor; incomplete outcome data; selective reporting; and other potential sources of
bias. Crossover trials were evaluated for additional criteria for risk of bias: appropriate cross-
over design; carry-over effect; and unbiased data [12,13].

Data synthesis and statistical analysis

The primary outcome was the functional capacity measurements which includes NYHA func-
tional classification, TED or 6-MWT. Secondary outcomes included CCS grading of angina
pectoris and LVEF%. Continuous variables were analyzed using the standardized mean differ-
ences (SMD) and 95% confidence intervals (Cls). To test for statistical heterogeneity, chi-
square-test was set at a significant level of P-value <0.1 and I of >50%. Moreover, a narrative
synthesis was used to complement the quantitative data synthesis by organizing studies into
logical categories, describe study findings, and produce a summary of all variations between
studies. All measurement data were pooled from included studies and then analyzed for meta-
analysis using the computer software package (Review Manager 5.3, 2014).

Results
Literature search

The electronic searches yielded 161 articles and the manual search from previous meta-analy-
ses and reviews identified an additional 13 articles. Initial screening of the 131 articles com-
prised examination of title and abstract in the context of our inclusion criteria. Forty-six
studies were judged relevant and were further assessed for eligibility. For each study the full
paper was read and checked against our selection criteria. Joint decisions on selection were
made by the two reviewers, following discussion in case of any discrepancies. Ultimately our
systematic review was based on 6 pertinent papers (Fig 1).

Quality of studies

Across all six included studies, none scored well in all domains of biases, with an overall quality
ranging from poor to moderate (Table 1). Only one trial properly reported sequence genera-
tion for randomization [14]. Allocation concealment was described as using sealed envelopes
by two trials [14,15]. Three trials were high risk for performance bias due to their open label
design [14-16], while the rest were low risk as they were described as “double-blinded” [17-
19]. The risk of detection bias was low in two trials [22,24], unclear in one [19], and high risk
in three trials due to incomplete blinding of outcome assessment [20,21,23] Two trials were
high risk for attrition bias due to unequal loss of participants after randomization [19,21], and
one trial did not provide information to permit judgment [24]. All six trials were low risk for
reporting bias since all pre-specified outcomes were reported across all studies [19-24]. The
crossover design was appropriated for the two crossover studies with no biased data. However,
both had high risk of bias for not evaluating the carry-over effect [19,22].

Study characteristics

The characteristics of the six included studies are summarized in Table 2. The six included
studies were RCTs, two were crossover trials [14-19], three were open-label [14-16], and the
rest were double-blinded placebo-controlled trials [17-19]. Studies were conducted from 2003
to 2016. One trial studied the effect of trimetazidine over a period of 48 months [15], while
other trials lasted for 3 to 12 months [14,16-19]. Trimetazidine dose ranged from 60 to 70 mg/
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Fig 1. PRISMA 2009 flow diagram demonstrating the search and selection strategy. PRISMA; Preferred Reporting Items for Systematic Reviews and
Meta-Analysis.

https://doi.org/10.1371/journal.pone.0263932.g001

day. Most trials used IR form of trimetazidine, except for two studies in which MR/SR formu-
lations were used [16,19]. A total of 312 participants were included from all studies, average
age was 60s (Table 3) [14-19]. One trial included subgroup analysis of ischemic and non-
ischemic HF patients, of which only the subgroup of patients with IHD were included in this
review [14]. Men comprised a higher proportion of participants in most studies [15-19]. In
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Table 1. Risk of bias across studies included in the meta-analysis.

Trials

Fragasso
etal [17]§

Fragasso
etal [14]
Di Napoli
etal [15]
Sisakian
etal [16]
Ribeiro
etal [18]§
Momen
etal [19]

Random
sequence
generation$
Unclear risk
Low risk
Unclear risk
Unclear risk

Unclear risk

Unclear risk

Allocation
concealment

Unclear risk

Low risk

Low risk

Unclear risk

Unclear risk

Unclear risk

Participants and | Blinding of Incomplete Selective Appropriate Carry- unbiased | Other
personnel outcome outcome data |reporting | cross-over over data bias
blinding assessment design effect
Low risk Unclear risk High risk Low risk Low risk Unclear | Lowrisk | Low
risk risk
High risk High risk Low risk Low risk NA NA NA Low
risk
High risk High risk High risk Low risk NA NA NA Low
risk
High risk High risk Low risk LowRisk | NA NA NA Low
risk
Low risk Low risk Low risk Low risk Low risk Unclear | Lowrisk |Low
risk risk
Low risk Low risk Unclear risk Low risk NA NA NA Low
risk

SIn case of crossover studies, it refers to randomization of treatment order. NA, not applicable.

https://doi.org/10.1371/journal.pone.0263932.t001

five trials patients had LVEF <45%, except for one trial that included patients with LVEF
>45% [18]. Of the four studies describing diabetes status of patients [15,17-19], approximately
100 patients were diabetics. All participants were IHD patients receiving a combination of
standard anti-ischemic treatment, including first line anti-anginal drugs. From the studies
describing the antianginal medications of patients, it was estimated that 51% of patients were
on B-Blockers, and 67% were on nitrates.

Primary outcome: Functional capacity

The change in NYHA functional classification was reported in 3 of the included studies (Fig
2). All 3 studies reported improvement in mean NYHA classification after the intervention
period [15,16,19]. A statistically significant improvement in NYHA was observed with trimeta-
zidine (SMD -1.30; 95% CI -1.88 to -0.71; p <0.01), but with significant heterogeneity

(P =0.02, I’ = 74%) in fixed effect and random effect models (Fig 2). From the 3 trials report-
ing data on exercise capacity, TED was not significantly increased after receiving trimetazidine
compared with controlled patients (SMD 0.34; 95% CI -0.10 to 0.78; P < 0.13), with no evi-
dence of heterogeneity (p = 0.58, 12 = 0%) [14,17,18]. Additionally, walking test in meters
(6-MWT) was reported in 2 trials and it was found that trimetazidine significantly increased
walking distance compared with the controlled patients (SMD 1.75; 95% CI 1.35 to 2.14; P
<0.001), with no evidence of heterogeneity (p = 0.31, I2 = 2%) (Fig 2) [15,16].

Secondary outcomes: CCS angina class and LVEF

Secondary outcomes were analyzed using fixed-effect model in which a statistically significant
differences were observed with both outcomes. The CCS angina class was improved in the tri-
metazidine group compared to controlled patients (SMD -1.37; 95% CI -1.89 to -0.84), with no
significant heterogeneity (P = 0.26, I2 = 20%). Also, an improvement in LVEF% was observed
with trimetazidine as reported in 5 of the included studies (SMD 1.22; 95% CI 0.82 to 1.62),
but with evidence of heterogeneity (P = 0.06, I2 = 55%) (Fig 3).

Publication bias

Funnel plot was constructed using the SMD values obtained from the functional capacity mea-
surements (S1 File). The shapes of the funnel seemed asymmetrical, suggesting that
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Table 2. Characteristics of included studies.

Trials Publication |Duration |Location Study Number of | Patients | Intervention Comparator Characteristics of Study
year of study design | enrolled age included patients outcomes
patients (years)
(TMZ/
control)
Fragasso | 2003 6 months | Singlesite | Double | 16/16 64 TMZ 60mg/day | Placebo IHD, DM, LVEF <45%, | TED
etal [17] in Italy blind (mean) + conventional + Conventional | persistent symptoms, LVEF%
cross- therapy therapy undergone maximal
over attainable

revascularization or not
amendable to

revascularization
Fragasso | 2006 12 months | Single site | Open- 18/17 65 TMZ 60mg/day | Conventional IHD, persistent TED
etal [14] in Italy label (mean) + conventional therapy symptoms, LVEF <45%, | LVEF%
RCT therapy with no coronary lesions
suitable for
revascularization
Di Napoli | 2007 48 months | Single site | Open- 30/31 67 TMZ 60mg/day | Conventional IHD, previous MI, NYHA
etal [15] in Italy label (mean) + conventional therapy LVEF <40%, NYHA 6-MWT
RCT therapy II-1V, with coronary LVEF%
lesions unsuitable for
revascularization
Sisakian | 2007 3 months | Singlesite | Open- 42/40 63.5 MR TMZ 70mg/ | Conventional IHD, previous MI, NYHA
etal [16] in Armenia | label (mean) day therapy LVEF <40%, NYHA 6-MWT
RCT + conventional II-111, with coronary LVEF%
therapy lesions unsuitable for
revascularization
Ribeiro | 2007 6 weeks Single site | Double | 10/10 62 TMZ 60mg/day | Placebo IHD, type 2 diabetes, TED
etal [18] in Brazil blind (mean) + conventional + Conventional | CCS class II-III, on full- | CCS class
cross- therapy therapy anti-ischemic treatment,
over not eligible for
revascularization
Momen | 2016 6 months | Single site | Double | 55/53 58.5 SR TMZ 35mg Placebo Documented CAD, NYHA
etal [19] in blind (mean) BID + Conventional | history of MI, CCS class
Bangladesh | parallel + Conventional | therapy decompensated HF, LVEF%
RCT therapy LVEF <40%, NYHA
I-111, not planned for
revascularization

MR, Modified Release; SR, Sustained Release; BID, twice a day; LVEF, Left ventricular ejection fraction; MI, Myocardial infarction; TED, total exercise duration;
6-MWT, 6 minutes walking test.

https://doi.org/10.1371/journal.pone.0263932.t002

publication bias in the analysis could not be ruled out. However, given the small number of
included studies in this review the power of the test was too low to distinguish chance from
real asymmetry.

Sensitivity analysis

There was no difference in the results between the fixed effect model and the random-effect
model for all outcomes. Sensitivity analysis was conducted on outcomes generated from meta-
analysis of more than two studies. We repeated the analysis for methodological quality
(excluding cross-over studies) and found that there was still a significant improvement in
NYHA and LVEF% with TMZ treatment compared with conventional therapy. In addition,
for NYHA and LVEF% removing any study had no effect on the pooled SMD and no study
crossed zero. The study conducted by Momen et al, [19] was the major contributor to hetero-
geneity test in the analysis for NYHA, while studies by Fragasso et al, [14] and Di Napoli et al,
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Table 3. Patient characteristics.

Trials Patients N Age (years) Male gender N | LVEF% Diabetic patients |Patients on BBs | Patients on CCBs | Patients on Nitrate
(TMZ/ (TMZ/Control) | (TMZ/Control) | (TMZ/ N (TMZ/Control) |(TMZ/Control) |(TMZ/Control) | therapy (TMZ/
Control) Control) Control)

Fragasso 16/16 64+7 16/16 40%+5%/40% | 16/16 10/10 1/1 9/9

etal [17] +5%

Fragasso 18/17 NA NA 36%+6%/39% | NA NA NA NA

etal [14]§ +5%

Di Napoli 30/31 67+5.5/69+7 17/18 30%+6%/31% | 10/11 15/18 6/6 6/8

etal [15] +8%

Sisakian 42/40 63.5£9.3/65.6 37/33 34.5%+3.8%/ | NA 38/40 5/3 19/20

etal [16] +8.7 32.4%+5.6%

Ribeiro et al | 10/10 62+8 6/6 56%+9%/56% | 10/10 NA NA NA

) +9%

Momen et al | 55/53 58+9.5/59+8.9 | 45/41 32.9%+6.6%/ | 26/27 42/43 0 34/35

(19] 33.1%:+6.2%

*Cross-over studies.
$Only subgroup of patients with IHD were included in this review. NA, not available.

https://doi.org/10.1371/journal.pone.0263932.t003

[15] have contributed to the heterogeneity in the analysis for LVEF%; however, no study
affected the findings of statistical significance in favour of TMZ.

Discussion

In this study we performed a meta-analysis of trials that evaluated the effect of combining
TMZ with conventional antianginal drugs on the functional capacity of IHD patients not suit-
able for revascularization. We have found an overall improvement with TMZ in the functional
capacity measurements mainly for NYHA functional classification and 6-MWT. We also

Trimetazidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% CI v, d 95% CI
Di Napoli 2007 224 06 25 3.1 03 19 275% -1.71(-2.41, -1.00] —_—
Momen 2016 2 07 S5 26 08 53 38.0% -0.79[-1.19, -0.40] —-
Sisakian 2007 184 03 42 23 03 40 345% -1.52(-2.01, -1.02] ——
Total (95% CI) 122 112 100.0% -1.30 [-1.88, -0.71] B
Heterogeneity: Tau? = 0.19; Chi? = 7.70, df = 2 (P = 0.02); I’ = 74% _14 _12

Test for overall effect: Z = 4.34 (P < 0.0001) Favours [Trimetazidine] Favours [Control]

b Trimetazidine Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

Fragasso 2003 416 151 13 391 125 13 32.7%  0.17 [-0.60, 0.95) Sl —

Fragasso 2006 419 162 18 324 140 17 42.0%  0.61([-0.07, 1.29] T

Ribeiro 2007 379 127 10 366 123 10 253%  0.10[-0.78, 0.98] s —

Total (95% CI) 41 40 100.0%  0.34 [-0.10,0.78] -
Heterogeneity: Tau? = 0.00; Chi® = 1.08, df = 2 (P = 0.58); I = 0% _12 _:1 ) i 2‘
Test for overall effect: Z = 1.51 (P = 0.13) Favours [Control] Favours [Trimetazidine]
c Trimetazidine Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, dom, 95% CI IV, Random, 95% CI

Di Napoli 2007 425 SS 30 321 77 31 45.9% 1.53[0.96, 2.11) —a—

Sisakian 2007 245 20.7 42 210.2 14.2 40 54.1% 1.93 [1.40, 2.46) —

Total (95% CI) 72 71 100.0% 1.75 [1.35, 2.14] 3
Heterogeneity: Tau? = 0.00; Chi? = 1.02, of = 1 (P = 0.31); I = 2% 4 . b 3

Test for overall effect: Z = 8.70 (P < 0.00001) Favours [Control] Favours [Trimetazidine]

Fig 2. Forest plots showing the SMDs for the parameters of patient’s functional capacity: 2a) New York heart
association (NYHA) functional classification; 2b) total exercise duration (TED); 2¢) six-minute walk test (6-MWT). CI
confidence interval.

https://doi.org/10.1371/journal.pone.0263932.g002
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a Trimetazidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Momen 2016 13 05 10 2204 10 20.0% -1.90(-3.00,-0.81] —_—

Ribeiro 2007 17 07 55 2709 53 80.0% -123(-165,-0.82) 3

Total (95% CI) 65 63 100.0% -137[-1.89, -0.84] @

Heterogeneity. Tau? = 0.05; Chi® = 1.25, df = 1 (P = 0.26); I = 20% _14 _52 t 31

Test for overall effect: Z = 5.11 (P < 0.00001) Favours [Trimetazidine) Favours [Control]

b Trimetazidine Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Di Napoli 2007 3% 5 25 27 3 19 17.1% 1.84(1.12, 2.56] ——
Fragasso 2003 448 75 13 364 8 13 145% 1.05[0.22, 1.88] —_—

Fragasso 2006 47 7 18 33 8 17 15.1% 1.82(1.02, 2.63] _—
Momen 2016 366 55 55 312 64 53 27.7% 0.90 [0.50, 1.30] —

Sisakian 2007 38 48 42 332 58 40 255% 0.90 [0.44, 1.35] —

Total (95% CI) 153 142 100.0% 1.22 (0.82, 1.62] &
Heterogeneity: Tau? = 0.11; Chi® = 8.98, df = 4 (P = 0.06); I = 55% _!4 _‘? 2 j‘

Test for overall effect: Z = 5.95 (P < 0.00001) Favours Control Favours Trimetazidine

Fig 3. Forest plots showing the SMDs for the secondary parameters of: 3a) Canadian cardiovascular society (CCS)
angina class; 3b) left ventricular ejection fraction (LVEF).

https://doi.org/10.1371/journal.pone.0263932.9003

assessed the effect of TMZ on CCS angina class and LVEF%. The results suggest that TMZ
could improve patient’s angina symptoms and cardiac function more effectively in the setting
of decreased LVEF%.

While most conventional antianginal drugs exhibit their effect through hemodynamic func-
tion to balance myocardial oxygen supply and demand, trimetazidine protect cardiac myocytes
from ischemia through the inhibition of fatty acid metabolism and to a lesser extent by stimu-
lating glucose metabolism. In theory, this protective mechanism limits the loss of myocytes
due to ischemia in patients with angina which ultimately improve their prognosis [20].

Earlier clinical trials have evaluated the efficacy of trimetazidine monotherapy in stable
angina patients with ischemic cardiomyopathy and in acute MI [21], or as combined therapy
with other conventional antianginal drugs in stable angina patients [22-24]. According to a
previous meta-analysis of 13 clinical trial that consisted of 1628 patients have found that add-
ing trimetazidine to conventional antianginal drugs was associated with fewer weakly angina
attacks, less use of nitroglycerin, higher total work, and prolonged exercise duration at peak
exercise compared to other antianginal agents [7]. These findings combined support trimetazi-
dine use and as recommended by the 2019 recent ESC guidelines, trimetazidine can be pre-
scribed in two clinical scenarios; 1) as a second-line treatment in subjects who cannot tolerate
or have contraindications to, or their symptoms not controlled by BBs, CCBs, and nitrates; 2)
as a first-line treatment with combination with BBs or CCBs in selected patients according to
their heart rate, blood pressure, and tolerance [25].

Care for patients with refractory angina and who are not suitable for revascularization could
be challenging and different across the world due to the limited guidance available from
national practice guidelines, and the lack of standardized definitions to address and identify this
complex group of patients. This emphasize the need for robust RCTs focusing on patients with
refractory angina before trimetazidine can be definitely recommended in this group of patients
[1]. While most of the available trials on trimetazidine focused on evaluating its effect on IHD
patients, in this meta-analysis we managed to identify the few studies that evaluated trimetazi-
dine effect in patients with refractory angina and with no option for revascularization.

In a meta-analysis performed by Gao et al, seven of the included studies reported data on
NYHA classification and have found a significant improvement in NYHA classification
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compared to conventional therapy [9]. In our meta-analysis three studies have found that
NYHA classification was improved by the addition of trimetazidine to standard antianginal
drugs, however, these findings were from moderate quality studies with significant heteroge-
neity that may be attributed to differences in baseline NYHA classification and cardiac func-
tion [15,16,19]. Compared to the meta-analysis results by Zhao et al, which found a significant
improvement in TED and the 6-MWT with trimetazidine in IHD patients [26], our finding
were similar with regard to the 6-MWT but not for the TED as trimetazidine did not result in
significant improvement compared to conventional drugs. This might be due to the different
characteristics of IHD patients included in the meta-analysis by Zhao et al, compared to our
meta-analysis since we focused on patients not suitable for revascularization and the fact that
the two of the studies that evaluated trimetazidine effect on TED were cross-over in design
which could represent a great methodological difference. Additionally, consistent with a previ-
ous meta-analysis We have also found a significant improvement in LVEF% in five studies
after adding trimetazidine to standard antianginal drugs [14-17,19]. However, the meta-analy-
sis found significant heterogeneity among these studies, which could be attributed to studies
including lower or higher LVEF% than other studies.

In order to extract evidence to recommend adding trimetazidine to conventional therapy
for this specific group of IHD patients, results from this meta-analysis should be interpreted
with caution due to some limitations. First, the methodological quality of included studies was
less than optimal, with three open-label studies in which performance bias from these trials
could not be excluded, as well as two trials being high risk for attrition bias. One reason for
including studies of lower than optimal quality could be the high risk population that we
addressed in this review, since we focused only on patients with “no option” to undergo revas-
cularization and therefore our search strategy have captured only small cross-over trials and
open-label RCT's that were conducted to assess the effect of TMZ in this high-risk group. Sec-
ond, the number of patients included in this meta-analysis is small, making estimates of func-
tional capacity based on small number of measures. Although, it is acceptable to perform a
meta-analysis on a minimum of two studies, estimation of intervention effect would be more
reliable if more information were included [13]. Third, due to the limited number of included
studies evaluating the effect of trimetazidine across different sub-group of patients such as dia-
betics, or according to the duration of trimetazidine use was not feasible.

In conclusion, this meta-analysis shows that trimetazidine significantly improves walking
time and angina severity in IHD patients not suitable for revascularization. Trimetazidine
effects may also be associated with positive changes in NYHA classification and LVEF%.
Given these results, large-scale RCTs targeting IHD patients with “no option” to undergo
revascularization is required to clarify this review question. Trimetazidine might be an option
for this group of patients, however, until now there is no clear evidence to support it routine
use as a second-line agent.
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