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ABSTRACT: 

Background: The prevalence of heart failure in India is not 

clearly known, in developed societies it is about 1 per cent of 

the elderly population (above 65 years) and is responsible for 

20 per cent of all hospital admissions in this age group. 

Clinical trials that included ACEI, ARBs, beta-blockers and 

aldosterone antagonists have demonstrated substantial 

reduction in mortality in patients with systolic heart failure, 

but still the mortality remains high. 

Aim: To recognize the altered energetics that play an 

important role in the mechanism of heart failure, role of 

cardiac metabolism and metabolic agents such as 

trimetazidine in the treatment of heart failure. 

Results: Progression of heart failure leads to metabolic 

changes causing change in relative substrate utilization of 

fatty acids (60 to 90%) and glucose (10 to 40%) leading to a 

substantial reduction of ATP synthesis in the failing 

myocardium. Trimetazidine which is the most studied among 

the metabolic agents has shown to prefer glucose oxidation to 

fatty acid, significantly improving ATP synthesis by +33%. 

Randomized trials of trimetazidine have shown improvement 

in ejection fraction, 7 – 23%, NYHA class, hospitalization and 

mortality reduction by 30%. 

Conclusion: Metabolic management offers fresh insights and 

among the metabolic agents available trimetazidine is the 

most documented. Trimetazidine has shown to improve 

cardiac function without affecting the heart rate or blood 

pressure. The mortality benefit and improvement in 

hospitalization frequency suggested need to be confirmed in 

larger randomized studies. 

Key words: Cardiomyopathy, Cardiac metabolism, Metabolic 

agents, Trimetazidine 

 

 

INTRODUCTION 

Pericardial effusion (PE) associated with myocardial 

infarction (MI) is considered to be associated with 

anterior ST-segment elevation MI (STEMI), with large 

infarcts, and when heart failure is present. When PE is 

associated with cardiac tamponade, it is usually due to 
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cardiac rupture, hemorrhagic pericarditis, or aortic 

dissection involving the right coronary artery [1]. 

However, the majority of PE does not cause 

hemodynamic compromise, and a small to moderate PE 

may often be viewed as a benign reaction to the MI. In a 

large study in the modern era of reperfusion from 25 

French hospitals including 908 patients with MI, a PE 

was detected in only 6.6% of the patients [2].Patients had 

an echocardiogram performed at admission and again at 

discharge, and 0.8% developed left ventricular free wall 

rupture (FWR). This incidence of FWR is similar to that 

of a larger registry that did not search meticulously for 

rupture [3]. 

Acute FWR is one of the most common causes of 

mortality in acute MI. The diagnosis is most often made 

by the presence of sudden electromechanical 

dissociation followed by death if left untreated. Some 

patients survive for several hours, allowing time for  

The clinical syndrome of heart failure is the final 

pathway for several diseases that affect the heart. 

Although its prevalence in India is not clearly known, in 

developed societies, it is about 1 per cent of the elderly 

population (above 65 years). After showing a 159 per 

cent increase over the past decade, heart failure is now 

responsible for 20 per cent of all hospital admissions in 

this age group [1]. 

Over the years, numerous clinical trials with diuretics, 

vasodilators, inotropic agents, ACEIs, angiotensin 

receptor blockers, beta-blockers, and aldosterone 

antagonists have demonstrated substantial reduction in 

mortality of patients with systolic heart failure. Despite 

this, mortality remains high. After diagnosis, about 30–

40 per cent die within the first year, and 60–70 per cent 

within 5 years. Thus for a person who survives up to 40 

years of age, the risk is one in five of developing heart 

failure, and one in three of dying because of it within 1 

year [2]. 

There is therefore a need for newer treatments that are 

effective and do not interfere with co-morbid disease, or 

interact with other drugs. The available evidence 

suggests that altered energetics play an important role in 

the mechanisms of heart failure [3]. For this reason, the 

modulation of cardiac metabolism has the potential to 

benefit patients with heart failure. Recent studies with 
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agents that have a metabolic mode of action support the 

usefulness of such treatment. 

 

Pathophysiology of heart failure and current 

treatments 

 

The commonest underlying problem in heart failure is 

ventricular dysfunction due to an abnormal cardiac 

structure, function, rhythm, or conduction [2]. The usual 

cause is myocardial infarction, and hypertension. Of the 

several pathogenic theories that have been suggested, 

the hemodynamic model stressed the effect of altering 

load on the failing ventricle, and ushered in the era of 

diuretics, vasodilators and inotropic agents. The 

neurohumoral model recognised the importance of the 

renin–angiotensin–aldosteroneaxis and the sympathetic 

nervous system, leading to the use of ACEIs, angiotensin 

receptor blockers, beta-blockers, and aldosterone 

antagonists. Other studies have examined myocytes 

from failing hearts in an attempt to detect abnormal 

signaling, gene expression, or contractile protein 

structure. At present, a complex blend of structural, 

functional, and biologic alterations are evoked to explain 

the pathogenesis and progression of heart failure. Since 

no single pathophysiological model accounts for the 

varied clinical expressions, current therapy utilises 

several drugs, with each targeting one organ system [1]. 

 

Cardiac energy metabolism  

 

Cardiac energy metabolism [4] has three main aspects. 

The first is the absorption and initial metabolism of food 

substrates. In this process there is cellular uptake of free 

fatty acids (FFA) and glucose; the breakdown of FFA by 

beta-oxidation and glucose by glycolysis; and the entry 

of the resulting intermediary metabolites into the Krebs 

cycle (Figure 1).  

The second component is oxidative phosphorylation by 

which energy is produced by the mitochondrial 

respiratory chain. The phosphorylation of adenosine-di-

phosphate (ADP) by this mechanism produces the high-

energy phosphate compound adenosine-tri-phosphate 

(ATP), which is the direct source of energy for the heart.  

The third component is transfer of ATP generated 

within the mitochondria to the cell by a mechanism 

termed the creatine kinase energy shuttle (Figure 2). In 

this process, mitochondrial creatine kinase catalyses the 

transfer of the high-energy phosphate bond in ATP to 

creatine to form phosphocreatine and ADP.  

Phosphocreatine, a smaller molecule than ATP, rapidly 

diffuses out of the mitochondria to the myofibrils, where 

myofibrillar creatine kinase catalyses the reformation of 

ATP from phosphocreatine. This is then used by the 

myofibrils for contractile work and by the various 

pumps that maintain cellular homeostasis.  The free 

creatine, formed by the removal of phosphate from 

phosphocreatine, diffuses back to the mitochondria.  An 

important function of the creatine kinase system is to act 

as an energy buffer. When the energy demand out-strips 

the energy supply, the phosphocreatine level falls, 

keeping ATP at a normal level, but the free ADP level 

rises. The increased level of free ADP inhibits the 

function of many intracellular enzymes, causing failure 

of the heart’s contractile mechanism. Thus, a metabolic 

derangement in the cardiac cell can occur when 

phosphocreatine levels fall and free ADP levels rise, 

even if ATP levels remain unchanged. 

 
 
 
 
 

Metabolic changes in heart failure 
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The initial response of the heart to injury is an increased 

sympathetic drive. This increases the contractile force of 

viable myocardium in an attempt to preserve and 

maintain normal cardiac output. The immediate 

metabolic effect is therefore a greatly increased 

expenditure and requirement of energy [6]. 

As failure progresses, changes in substrate utilisation 

can occur due to reduced uptake and reduced oxidation. 

There may also be a change in the relative contributions 

of fatty acids (60 to 90%) and glucose (10 to 40%) to ATP 

synthesis. Most studies suggest that fatty acid utilisation 

decreases; glucose utilisation increases in early heart 

failure, but because of insulin resistance in the 

myocardium, it decreases as failure progresses. 

However, there are simultaneous increases in plasma 

free fatty acids, glucose, and insulin concentrations. 

These increases make it difficult to interpret the 

metabolic changes within the heart muscle separately 

from the indirect influence of changes in the outside 

metabolic milieu. 

 

 
 

An impaired oxidative phosphorylation results in a 

substantial reduction of oxygen consumption and 

energy production in the failing myocardium.  These is 

because cardiac mitochondria have structural 

abnormalities and are increased in number; the activity 

of electron transport–chain complexes and ATP synthase 

capacity are reduced; the regulation of oxidative 

phosphorylation by the phosphate acceptor ADP and 

creatine is impaired; and the levels of uncoupling 

proteins (which cause mitochondria to produce heat 

rather than ATP) may be increased.  

An impaired creatinine kinase transfer system can lead 

to adecrease in ATP concentration; reduction in its 

transfer from the mitochondria to myofibrils; or an 

increase in ADP concentration. These changes can 

compromise contractile function. 

Although myocardial ATP level remains normal during 

the early stages, it decreases by 30-40% when the failure 

is severe.  The average ATP levels remain far above 

those required for ATP- consuming reactions and do not 

limit contractile function in heart failure. However, both 

phosphocreatine and total creatine levels decrease early 

and to a greater extent (by 30 to 70%).  Because of this 

down-regulation of the creatine transporter function, 

mitochondrial creatine kinase activity may decline to 

20%, and myofibril creatine kinase activity to 50%, of 

normal values. This can lead to a 71% decrease in energy 

delivery to the myofibrils, and contractile dysfunction 

that is reflected in the loss of inotropic reserve.  

During high-workload conditions, free ADP 

concentration doubles, further limiting contractile 

reserve that is manifested clinically as dyspnea on 

exertion. 

The ratio of phosphocreatine to ATP is a powerful index 

of the energetic state of the heart. The creatine kinase 

reaction equilibrium favours ATP synthesis a 100 

foldmorethanthe synthesis of phosphocreatine. 

Therefore, whenever the demand for ATP outstrips ATP 

synthesis, phosphocreatine levels decline first, and ATP 

decreases only when phosphocreatineis substantially 

depleted. In chronicheartfailure, however, total creatine 

level also falls, and this further decreases the 

phosphocreatine / ATP ratio.  

Diabetes subjects are characterized by increased fatty 

acid oxidation and decreased glucose oxidation rates 

resulting in substrate utilization preference to fatty acids 

as energy source. Excessive fatty acid oxidation 

contributes to the energy metabolism and cardiac 

function abnormalities in diabetic cardiomyopathy. The 

accumulation of fatty acids in the heart as well as high 

rates of fatty acid oxidation leads to the development of 

diabetic cardiomyopathy [7]. 

 

Deleterious effects of increased fatty acid oxidation: 

 

NADH and acetyl CoA produced by fatty acid oxidation 

in hibits the enzyme pyruvatede hydrogenase (PDH), 

thus decreasing the glucose metabolism. The increased 

fatty acid oxidation decreases cardiac efficiency up to 

30% along with other mechanisms that are involved in 

the reduction of cardiac efficiency. Shifting the energy 

substrate to fatty acids can also result in mitochondrial 
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reduced oxidative metabolism and increased glycolysis. 

The high glycolysis and low glucose oxidation rates can 

lead to proton production, resulting in alteration of ionic 

homeostasis and rerouting of ATP synthesized, away 

from contractile function towards re-instating the ionic 

homeostasis, thus decreasing cardiac efficiency. In 

diabetic cardiomyopathy fatty acid oxidation rates are 

elevated that contributes to impaired energy metabolism 

and cardiac function [7]. 

These abnormalities in cardiac energy metabolism occur 

early and are an integral part of the primary heart 

muscle disease. This suggests that the compromise of 

myocardial energetics has a causal role in heart failure. 

Therefore, the prevention of the semetabolic changes, 

common to all types of heart failure, without influencing 

hemodynamic factors orther ennin-angiotensin system 

forms the rationale for the use of metabolic agents in the 

treatment of heart failure [6]. 

 

Metabolic agents in heart failure  

 

The drugs that are presently available for metabolic 

management act by modulating substrate utilisation. 

These compounds increase energy availability by 

partially reducing oxidation of fatty acids.  Agents such 

as perhexiline and etomoxirsuppress the enzyme 

carnitinepalmitoyl transferase-1 that influences the 

uptake of plasma FFA and their transport to the 

mitochondria of cardiomyocytes. Other drugs such as 

trimetazidine directly inhibit FFA oxidation and 

indirectly promote glucose oxidation [8] Figure 3. 

Trimetazidine, the first and most studied metabolic 

agent is widely used in clinical practice for the control of 

stable angina. It acts within the mitochondria of 

cardiomyocytes to suppress 3-ketoacyl-CoA, a key 

enzyme in the beta-oxidation of FFA. The suppression of 

fatty acid oxidation increases oxidative glycolysis. This 

shift in substrate utilisation yields more molecules of 

(ATP) and phosphocreatine. There is therefore an 

increase in overall energy generation with trimetazidine 

[9]. A randomized study recently demonstrated that in 

comparison to placebo, the addition of trimetazidine for 

90 days to the treatment of patients with heart failure, 

significantly improved phosphocreatine / ATP ratio by 

as much as 33% [10]. 

 
 

More than 15 years ago, a randomized trial on patients 

with NYHA class III or IV ischemic cardiomyopathy 

demonstrated that in comparison to placebo, the 

addition of trimetazidine to usual treatment for 6 

months, significantly increased ejection fraction by 9.3% 

vs a decrease of 15.6% with placebo, while cardiac 

volume decreased by 7% vs 4%. Both angina and 

dyspnea showed significant improvement with 

trimetazidine [11]. 

More recently, a study on similar patients using low 

dose dobutamine echocardiography coupled with an 

exercise test showed that in comparison to placebo, 

trimetazidine significantly increased ejection fraction by 

19.7%, peak oxygen volume by 15%, and improved wall 

thickening score index at rest and peak exercise by 13% 

and 20.7% respectively [12]. In another randomized 

placebo controlled cross over study on patients with 

coronary artery disease with a positive dobutamine 

stress test, in comparison to the placebo response, 

trimetazidine significantly lowered to a greater extent 

wall motion score index at rest by 0.06 and at peak 

dobutamine infusion by 0.1. Further, dobutamine 

infusion time was greater by 2.6 minutes and its dose by 

6mcg/Kg/min in patients treated with trimetazidine [13]. 

The usefulness of trimetazidine in the management of 

early heart failure over the medium term was shown in a 

randomized study of 6 months duration on elderly 

patients with left ventricular dysfunction. In comparison 

to placebo, there was significantly greater increase in left 

ventricular ejection fraction by 7%, together with a 
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significantly greater 5mm decrease in left ventricular 

end diastolic and systolic diameter with trimetazidine. 

Quality of life scores showed significant improvement 

versus no change with placebo [14]. 

In two randomized studies over the long term, addition 

of trimetazidine to standard treatment of patients with 

dilated ischemic cardiomyopathy for 18 months 

significantly improved NYHA class and left ventricular 

function. Ejection fraction increased by 7% with a 20 

ml/msq decrease in left ventricular end diastolic volume, 

compared to a worsening of both parameters with 

standard treatment alone. In addition, the inflammatory 

process assessed by plasma C reactive protein 

concentration, progressed in patients on standard 

treatment but remained stable in those receiving 

trimetazidine [15]. 

These benefits have been confirmed in 200 patients with 

multi-vessel coronary artery disease and left ventricular 

dysfunction. Patients randomized to receive 

trimetazidine or placebo in addition to standard 

treatment were assessed at baseline and after 24 months 

with a resting gated SPECT imaging test, followed by an 

exercise test and post exercise injection of radioactive 

isotope with imaging by gated SPECT. In addition to 

functional improvement, there was a significant 89% 

increase in the systolic wall thickness score, with a 23% 

increase in ejection fraction. An important result of this 

study was that at the end of 24 months treatment, 92% of 

patients receiving trimetazidine versus 62% receiving 

placebo survived [16].  This suggests that the addition of 

Trimetazidine to standard treatment may confer a 30% 

mortality benefit in heart failure over the long term. 

The long-term benefit of adding trimetazidine to the 

usual treatment of patients with non- ischemic heart 

failure has also been recently established. In an open 

label study, 55 patients with non-ischemic dilated 

cardiomyopathy under conventional treatment (that 

included ACEI/ARB in all, and B-blockers in 75%) were 

randomized to conventional treatment plus 

trimetazidine or conventional treatment alone. After a 

mean 13 month follow up, clinical assessment, exercise 

testing and two-dimensional echocardiography 

demonstrated that the addition of trimetazidine 

significantly improved NYHA functional class, together 

with a significant 7% decrease in left ventricular end-

systolic volume, and a 7% increase in ejection fraction. 

By contrast, conventional treatment alone without 

trimetazidine was associated with an increase in both 

left ventricular end-systolic and diastolic volumes while 

ejection fraction significantly decreased [17]. 

A recent international multicenter retrospective study by 

Fragasso et al. [21] included 669 heart failure patients 

predominantly of ischemic origin with ejection fraction 

of<45%, NYHA class II to IV who were optimally treated 

with conventional therapy including RAAS inhibitors, 

beta-blockers and diuretics for an average follow-up of 

38 months. Addition of trimetazidine demonstrated a 

significant benefit in improving global survival by 

11.3%, CV death by 8.5% and the rate of hospitalization 

for cardiovascular causes was reduced by 10.4% 

compared to patients who were not on trimetazidine. 

In a meta-analysis by Zhang et al. [22] involving 884 

heart failure patients, addition of trimetazidine was 

associated with significant improvement in LVEF by 

6.5%, exercise time by 64 seconds, NYHA class by 0.57, 

BNP levels and reduction in hospitalization for cardiac 

causes (RR 0.43, p=0.03). 

Grajek et al [23] in their recent meta-analysis confirmed 

similar benefits in heart failure patients with the 

addition of trimetazidine with a significant reduction in 

all-cause mortality (RR = 0.28, p<0.0001) 

 

Efficacy in female patient population 

 

Many a time female populations are underrepresented 

in clinical trials though the incidence is as much as in 

male population. Trimetazidine is equally effective in 

male and female patients. In the meta-analysis of Zhang 

et al.[22] an observation of female heart failure patients 

were more likely to be benefited from trimetazidine 

treatment regarding left ventricular ejection fraction. But 

this needs to be evaluated and confirmed in a bigger 

prospective study.  

 

The recent consensus statement on the management of 

chronic heart failure in India quotes, that the data on 

trimetazidine is promising and often used in patients 

with heart failure [24]. The more recent 2016 ESC 

guidelines for the diagnosis and treatment of acute and 

chronic heart failure, recommend treatment with 

trimetazidine for heart failure patients with co-

morbidities such as angina with Level of evidence A and 

class IIb for the treatment of stable angina patients with 

symptomatic (NYHA Class II-IV) heart failure with 

reduced ejection fraction [25]. 
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In all these studies the effect of trimetazidine on blood 

pressure and heart rate was similar to placebo, and there 

was no adverse effect on co-morbid disease or 

interaction with other treatments. 

 

Other metabolic agents: 

 

Perhexiline is an inhibitor of Carnitine 

palmitoyltransferease-1 (CPT-1), thus inhibiting the 

entry of medium and long chain fatty acids into 

mitochondria and subsequently reducing the fatty acid 

oxidation and relative increase in glucose oxidation. A 

randomized controlled study on 56 patients assessed the 

addition of Perhexiline to standard treatment versus 

placebo for 2 months [18], which demonstrated an 

increase in LVEF. A more recent study involving 50 

heart failure study of non-ischemic etiology, addition of 

perhexiline 200 mg for one duration significantly 

improved the phosphocreatine to ATP ratio (1.16 to 1.51, 

p<0.001) and improvement in NYHA functional class 

(p=0.036). However perhexiline treatment did not 

improve LVEF and there was no difference in substrate 

utilization compared to placebo [19]. 

Etomoxir, also an inhibitor of CPT, in an uncontrolled 

study on 10 patients assessed the addition to standard 

treatment for 3 months [20].Etomoxir improved the left 

ventricular ejection fraction. However, the results of 

these small studies require confirmation in large 

randomized clinical trials. Due to severe hepatotoxicity 

the clinical development of etomoxir has been 

terminated. 

Inhibitors of malonyl CoA (MCD) has shown to increase 

glucose oxidation, reduce fatty acid oxidation and 

improve insulin sensitivity [26, 27, 28]. But the role of 

MCD inhibitors are yet to be established in heart failure. 

PPAR (peroxisome proliferative-activated receptor) 

drugs such as thiazolidinediones (TZDs) and fibrates 

were thought to have beneficial effects and increase 

cardiac efficiency. But diabetic patients treated with 

pioglitazone a PPARγ in the PROACTIVE study showed 

an increased incidence of heart failure [29]. Fibrates from 

PPARα family have shown mixed results with no 

reduction on cardiac mortality while PPARδ has shown 

to prevent cardiomyocyte hypertrophy and increase in 

glucose oxidation. 

Ranolazine a late Na+current (INa) inhibitor has been 

tested in a small proof-of-concept study of 20 patients 

with diastolic heart failure with no improvement in 

echocardiographic, cardiopulmonary exercise and NT-

pro-BNP levels (30).In another study involving a 

combibation of systolic and diastolic heart failure 

patients, treatment with ranolazine 1000 mg twice daily 

significantly improved LVEF (30.46% to 36.83%, p=0.018) 

in systolic heart failure patients and 42.83% to 52.33%, 

p=0.002) in diastolic heart failure patients [31]. 

SGLT2 (sodium-glucose co-transporter-2) inhibitors are 

the compounds which inhibit the sodium glucose co-

transporter-2 and inhibits the reabsorption of glucose at 

the proximal convoluted tubule in the kidneys and 

facilitate glucosuria thus lowering plasma glucose [32]. 

These agents also promote weight loss particularly 

reducing the total body fat. Dapagliflozin and 

empagliflozin have shown to favor fatty acid 

metabolism to glucose metabolism. Dapagliflozin 

increases fatty acid oxidation by 14% compared to 20% 

reduction in glucose oxidation. Similarly empagliflozin 

in a 4 week study has demonstrated to decrease glucose 

oxidation by 60% and increase fatty acid oxidation by 

20% (33). The results of EMPA-REG OUTCOME study 

(34) with empagliflozin, reduced the primary composite 

endpoint (PEP) of CV death, non-fatal MI and non-fatal 

stroke by a significant 14% (HR 0.86, 95% CI; 0.74 - 0.99, 

p=0.04) and hospitalization for heart failure by 35% (HR 

0.65, 95% CI; 0.50 – 0.85, p=0.002). The results are 

particularly intriguing given the decrease in heart failure 

hospitalization in relation to increase in fatty acid 

oxidation versus reduced glucose oxidation with 

empagliflozin and is unlikely to be the reason for these 

beneficial effects on heart failure outcomes [33]. 

The shift of substrate utilization from free fatty acids to 

glucose has shown to provide some contrasting results. 

In an experimental study of male wistar rats with heart 

failure after myocardial infarction, fed with high 

saturated fat for 8 weeks improved myocardial 

contractile function at rest and during physiological 

stress, but negatively impacted the contractile reserve 

under non pathological conditions [35]. Data from 

Tuunanen et al has demonstrated that acute depletion of 

free fatty acid in patients with idiopathic dilated 

cardiomyopathy compared with healthy volunteers, 

FFA uptake decreased by >80% in both groups and 

resulted in reduced cardiac work and efficiency [36]. It’s 

important to note that these results are based on small 

sample of patients in acute situation and patients of non-

ischemic cardiomyopathy. Chronic depletion of FFA in 

other forms of HF needs to be explored. 
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Conclusion 

 

Treating heart failure is a challenge to the physician 

because of its rapidly rising incidence, high rates of 

hospitalization and mortality, complexity due to co-

morbid diseases, and interactions between many of the 

drugs that are used. Against this background, fresh 

insights into the metabolic derangements that 

accompany heart failure have opened a new avenue for 

its management.  

Of the metabolic agents, trimetazidine is the most 

studied. It causes a shift in substrate metabolism to 

increase energy generation. In patients with heart 

failure, Itis effective in improving cardiac function 

without interfering with associated disease, changing 

heart rate and blood pressure, or interacting with other 

drugs. Although a mortality benefit and improvement in 

frequency of hospitalisation has been suggested, these 

end points need confirmation in larger randomized 

studies. The evidence so far suggests that combining 

trimetazidine with existing treatments can help improve 

the outcome of heart failure. 
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