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The year 2023 proved to be a productive period with many remarkable scientific papers published from Hungary in the 
field of heart failure (HF). Our aim with this brief review is to highlight the results of the most prominent landmark ran
domized clinical trials as well as other relevant influential publications with significant contribution from Hungarian authors.
Several clinical trials were published in 2023 with the primary focus on optimizing medical management. Papers 
described the use of sodium-glucose cotransporter-2 inhibitors (SGLT2i) in HF in association with renal dysfunction, 
COVID-19 infection, and evaluating their economic impact. A comprehensive manuscript analysed the geographic dif-
ferences in patient characteristics, treatments, and outcomes in the PARADISE-MI trial population. With regards to 
glucagon-like peptide-1 (GLP-1) receptor agonists, the STEP-HFpEF landmark clinical trial reported a favourable effect 
for semaglutide in patients with HFpEF and obesity. The intermittent administration of levosimendan did not improve 
post-hospitalization clinical stability in a population with advanced HF. In the field of cardiac resynchronization therapy 
(CRT), results of the BUDAPEST-CRT Upgrade trial was published in the European Heart Journal. This was the first 
prospective, randomized controlled trial to demonstrate that CRT upgrade in patients with intermittent or permanent RV 
pacing and HFrEF reduces morbidity and mortality.
Several papers focused on the greater field of cardiomyopathies, including medical therapies, diuretic use, and car-
diotoxicity. Finally, it is important to mention that an issue of Cardiologia Hungarica was published that was entirely 
dedicated to HF.
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Introduction

Valuable scientific contributions to the field of HF contin-
ued from Hungary in 2023. In this paper, we aimed to pro-
vide a brief overview of those manuscripts that were pub-
lished in an international, peer-reviewed journal with high 
impact factor and at least one contributing author from 
Hungary or the work was at least partially performed at 
a Hungarian research site. Original research papers are 

primarily included, but reviews with special impact are 
also presented. Due to their outstanding scientific impor-
tance and major impact on the daily clinical practice, we 
highlight the results of major phase III randomized con-
trolled clinical trials with Hungarian contribution also. The 
vast collaboration network between Hungarian HF spe-
cialists and other institutions across the world is depic
ted in Figure 1. The importance of fostering international 
partnerships can clearly be appreciated.
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Randomized controlled clinical trials
SGLT2 inhibitors
Although the 2023 focused update of the ESC guide-
lines for the diagnosis and treatment of HF expanded 
the class I recommendation for the use of SGLT2i to 
patients across the entire HF spectrum, limited data 
exist regarding the continued use of SGLT2i agents 
when the estimated glomerular filtration rate (eGFR) 
falls below the thresholds approved for drug initiation 
(1). In a participant-level pooled analysis of the DAPA-
HF and DELIVER trials, Chatur S et al. (Merkely B was 
a co-author) aimed to assess the incidence and prog-
nostic implications of worsening renal function defined 
as an eGFR value of 25 mL/min/1.73 m2 or less. The 
association between the decline in kidney function, 
treatment with dapagliflozin, and clinical outcomes in 
HF were also evaluated. When compared to placebo, 
the beneficial effects of dapagliflozin on cardiovascular 
(CV) outcomes appeared to be preserved, independ-
ent of a decline in renal function, and without an ex-
cess in safety endpoints. These findings suggest that the 

benefit-to-risk ratio may favour dapagliflozin continuation 
in patients with HF and worsening renal function, even if 
the eGFR drops below 25 mL/min/1.73 m2. Nevertheless, 
further randomized clinical trials are needed in a popu-
lation with advanced chronic kidney disease (CKD) (2).
Patients with established CV disease, including HF, 
are at increased risk for COVID-19 infection-related 
complications. DELIVER was a prospective, multi-
centre, double-blind, event-driven clinical trial that as-
sessed the safety and efficacy of dapagliflozin in HF (EF 
>40%). The trial was initiated before and was conduc
ted throughout the COVID-19 pandemic. In an interest-
ing analysis, Bhatt AS et al. (Merkely B contributed as 
co-author) sought to evaluate the association between 
COVID-19 infection and clinical outcomes among 
DELIVER participants. Those diagnosed with COVID-19 
infection had higher rates of all-cause mortality and 
the risk remained elevated for at least 3-6 months. Fif-
teen percent of all deaths (N=155) were adjudicated as 
definitely/possibly related to COVID-19. Based on the 
results, the therapeutic benefits (reduced CV death/

FIGURE 1. Collaboration between Hungarian heart failure specialists and other Universities/Centres throughout the world  
(based on first authors of the selected publications).
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worsening HF events) of dapagliflozin persisted when 
excluding COVID-19 related immediately fatal events 
reported by investigators (3). 
Taffazoli A et al. (Rakonczai P was a co-author) evalu-
ated in a separate paper the potential economic advan-
tages of SGLT2i use in a European population (based 
on the EMPEROR-Reduced trial data). When com-
pared to standard of care (SoC) alone, the addition of 
empagliflozin generated incremental health benefits 
and was found to be a cost-effective use of healthcare 
resources for managing patients with HF with reduced 
ejection fraction (HFrEF) (4). Tsutsui H and co-workers 
(Rakonczai P contributed as co-author) found similar 
results in Japan (5).

Angiotensin receptor–neprilysin inhibition 
(ARNI) 
The PARADISE-MI trial published in 2021 found that, 
compared to ramipril, sacubitril/valsartan did not re-
duce the primary endpoint of death from CV causes 
or incident HF in a contemporary cohort enriched for 
acute myocardial infarction (AMI) (6). Butt JH et al. 
(Merkely B was a co-author) used the PARADISE-MI 
trial population to analyse differences in patient charac-
teristics, treatments, and outcomes in relation to geog-
raphy. Overall, 23.0% of participants were randomized 
in Eastern Europe/Russia, 17.5% in Western Europe, 
12.2% in Southern Europe, 10.1% in Northern Europe, 
12.0% in Latin America, 9.3% in North America, 10.0% 
in East/South-East Asia, and 5.8% in South Asia. Rates 
of the primary composite outcome of CV death or inci-
dent HF varied two-fold among regions while the rates 
of incident HF alone varied almost six-fold between the 
regions. There were also differences in patient char-
acteristics, their comorbidities, and the perceived SoC 
therapy. These findings underscore the importance of 
considering both inter-regional and intra-regional differ-
ences when designing global clinical studies (7).

GLP-1 receptor agonist 
HF with preserved ejection fraction (HFpEF) accounts 
for more than 50% of all HF cases and continues to 
grow in prevalence. There is increasing evidence that 
obesity and excess adiposity are not simply coexisting 
conditions but these may play a role in the develop-
ment and progression of HFpEF. The STEP-HFpEF 
randomized, double-blind, placebo-controlled trial was 
performed at 96 sites in 13 countries (Merkely B was 
one of the authors). Investigators enrolled 529 patients 
with HFpEF and obesity (BMI ≥30 kg/m2) who were ran-
domized to receive once weekly semaglutide (2.4 mg) 
or placebo for 1 year. The dual primary endpoints were 
the change from baseline Kansas City Cardiomyopathy 
Questionnaire (KCCQ) clinical summary score (KCCQ-
CSS) and the change in body weight. Secondary end-
points were defined as the change in 6-minute walking 
distance, shift in C-reactive protein (CRP) levels, and 

a hierarchical composite endpoint that included death, 
HF events, as well as differential change in KCCQ-CSS 
and 6-minute walk distance. Overall, the administration 
of semaglutide (2.4 mg) to patients with HFpEF and 
obesity prompted a larger reduction in symptom burden 
and physical limitations than placebo, led to greater im-
provement in exercise capacity, and a significant weight 
loss. In addition, the use of semaglutide was associated 
with an increase in 6-minute walking distance, reduced 
CRP levels, and resulted in more wins in the evalua-
tion of the hierarchical composite end point. However, 
larger studies are needed in patients with HFpEF and 
obesity to definitively prove that this approach indeed 
improves clinical outcomes significantly (8).

Positive inotrope therapy
Patients with advanced HF frequently experience epi-
sodes of acute HF exacerbations. Clinical trials evaluat-
ing the repetitive intravenous (iv) use of the calcium sen-
sitizer and potassium channel activator levosimendan 
suggested that it may benefit patients with advanced 
HF by reducing the risks of repeat rehospitalizations as 
well as mortality (9–11). The prospective, multicentre, 
double-blind clinical trial (LeoDOR trial, Zima E and 
Papp Z co-authors) explored the efficacy and safety of 
intermittent levosimendan administration for 12 weeks 
on the clinical stability of patients with chronic advanced 
HF (LVEF ≤30%). Levosimendan was given in the high-
ly vulnerable period immediately following an acute 
HF hospitalization. The primary endpoint was death, 
urgent heart transplantation, need for left ventricular 
assist device (LVAD) implantation, as well as non-fatal 
acute HF events. Intermittent levosimendan administra-
tion had no significant impact on the primary endpoint 
when compared to placebo suggesting that the inter-
vention did not improve post-hospitalization clinical sta-
bility (12). In a remarkable editorial, Papp Z discussed 
the potential role of inotrope therapy in patients with HF, 
based on several trials and meta-analyses published 
over the past years. As the manuscript highlighted, the 
biggest future challenge for clinical researchers will be 
to identify the appropriate patient subgroups that may 
benefit most from inotrope therapy (13).

Novelties in cardiac resynchronization ther-
apy (CRT) 
Current European guidelines recommend upgrade to a 
CRT device in patients with high RV (right ventricular) 
pacing burden (Class IIa). However, the potential ben-
efits of such device upgrade on hard outcomes have 
not been published in a population with HFrEF and a 
pacemaker (PM) or implanted cardioverter defibrillator 
(ICD) in situ. The BUDAPEST-CRT Upgrade trial was 
the first prospective, phase III, multicentre, randomized 
controlled trial where Merkely B et al. investigated the 
efficacy and safety of CRT-D upgrade in HFrEF pa-
tients on appropriate guideline-directed medical ther-
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apy (GDMT) but with an RV pacing burden of 20% or 
more and a paced QRS complex duration ≥150 ms. 
Three hundred sixty symptomatic (NYHA II–IVa) pa-
tients with a PM or ICD were randomly assigned to un-
dergo CRT-D upgrade (N=215) or have an ICD (N=145) 
in a 3:2 ratio. The composite of all-cause mortality, HF 
hospitalizations, or <15% reduction of left ventricular 
(LV) end-systolic volume at 1 year was the primary out-
come. The secondary endpoint was defined as the re-
duction in the composite of all-cause mortality and HF 
hospitalizations. Over a median follow-up time of 12.4 
months, CRT-D upgrade was associated with signifi-
cantly fewer HF hospitalizations and reduced all-cause 
mortality. In addition, CRT-D upgrade proved to be a 
safe procedure that improved LV reverse remodelling 
significantly when compared to ICD alone. In summary, 
the findings of this landmark trial support performing a 
CRT upgrade to reduce morbidity and mortality in a se-
lect group of patients with HFrEF (14). In another study, 
Goldenberg et al. (Merkely B was a co-author) sought 
to analyse whether QRS morphology (LBBB or non-
LBBB pattern) is associated with an increase in the risk 
of life-threatening ventricular tachyarrhythmias in pa-
tients with HF and implanted CRT-D. Those with LBBB 
in the CRT-D arm experienced a significant reduction in 
the primary endpoint (fast ventricular tachycardia [VT]/
ventricular fibrillation [VF]) compared to the ICD-only 
cohort. In contrast, among patients with a non-LBBB 
pattern QRS complex, the presence of CRT-D was not 
associated with a reduction in the incidence of fast VT/
VF. In addition, fast VT/VF event burden was signifi-
cantly higher in the CRT-D group compared to those 
with ICD-only. These findings suggest a potential pro-
arrhythmogenic effect associated with CRTs in those 
without an underlying LBBB and emphasize the im-
portance of appropriate patient selection (15). In addi-
tion to these studies, several other trials (16–18) and 
meta-analyses (19) were published in 2023 in the field 
of cardiac resynchronization therapy where Hungarian 
authors were involved.

Cardiomyopathy

The ESC (European Society of Cardiology) published 
new “Guidelines for the management of cardiomyopa-
thies” in 2023. The ESC National Cardiac Societies, in-
cluding Prof. Robert Sepp from Hungary, were actively 
involved in the review process (20). In addition, several 
high impact papers were published in 2023 on the top-
ic of cardiomyopathies. The role of genetic testing in 
the diagnosis of hypertrophic cardiomyopathy (HCM) 
is unquestionable and cardiologists play a central role 
alongside geneticists. In a review by Girolami F et al. 
(Pálinkás ED served as co-author), authors discussed 
the most frequent questions they received throughout 
their 20-years genetic counselling experience from pa-

tients suffering from HCM (21). In a retrospective analy-
sis Zampieri M et al. (Pálinkás ED was involved) aimed 
to identify the modes of death in a consecutive cohort 
of patients with HCM based on presenting clinical fea-
tures and stage of their disease. The most common 
causes of death were related to complications of their 
underlying HCM, primarily in the context of HF. Sudden 
cardiac death (SCD) ranked third, after non-CV death, 
and mostly occurred in young individuals. Modes of 
death varied with the disease stage; SCD became less 
prevalent in more advanced phases when the competi-
tive risk of HF became overwhelming (22).

Other relevant publications

Bánfi-Bacsárdi F and co-workers performed a retro-
spective analysis to evaluate the application of GDMT, 
including RAASi (ACEI/ARB/ARNI), beta receptor 
blockers, MRA, and SGLT2i in a consecutive real-
world patient population with HFrEF admitted with HF 
exacerbation to a tertiary cardiac centre in Hungary 
between 2019 and 2021. Their results suggest that a 
high rate of disease-modifying drug use is achievable 
in this population despite their severe clinical condi-
tion. Therefore, further efforts are needed to encour-
age the routine initiation of these agents in the clinical 
practice (23). 
Symptomatic congestion is the most common cause 
for hospital admission in the setting of HF exacerbation 
and requires iv diuretic administration. However, hospi-
talization for decongestion has a negative impact on the 
patient’s as well as their caregiver’s quality of life and 
also increases healthcare expenditures dramatically. In 
a critical review, Khan WJ et al. (Tóth K, Halmosi R and 
Alexy T were involved as co-authors) provided an over-
view of the pharmacodynamic and pharmacokinetic 
profile of the novel, pH-neutral subcutaneous furosem-
ide (Furoscix®). In addition, authors reviewed relevant 
clinical trial data that demonstrate a clear benefit asso-
ciated with its use in the home setting (24). 
A relatively large number of patients with a clear indi-
cation is not given a prescription for RAAS inhibitors 
(especially MRAs), at the recommended doses. Fre-
quently this is related to the actual or the perceived risk 
of severe hyperkalaemia. In the PRIORITIZE-HF trial, 
Tardif JC et al. (Merkely B was a co-author) aimed to 
assess whether a treatment regimen containing sodium 
zirconium cyclosilicate (SZC) would allow RAASi to be 
up-titrated to target doses in patients with HF and ele
vated serum potassium or at high risk for this compli-
cation. Unfortunately, the study was terminated prema-
turely due to the COVID-19 pandemic and thus failed 
to demonstrate a significant improvement in the use of 
RAAS inhibitors in the setting of SZC use, when com-
pared to placebo (25). 
In the STOP-CA randomized clinical trial, Neilan TG et 
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al. (Drobni Zs was a co-author) investigated the ben-
efits of atorvastatin in patients with anthracycline-asso
ciated cardiac dysfunction. Authors found that ator
vastatin significantly reduced the incidence of cardiac 
dysfunction among patients with lymphoma treated 
with anthracycline-based chemotherapy (26). 
Comorbidity-induced chronic systemic inflammation 
also plays a vital role in the development of HF. As such, 
better understanding of the link between inflammation 
and endothelial/microvascular dysfunction may lead to 
novel therapies in HF, especially HFpEF. In an interest-
ing study (ENDEAVOR trial), Lund LH et al. (Merkely 
B was one of the authors) aimed to compare the effi-
cacy of the myeloperoxidase inhibitor mitiperstat to pla-
cebo in improving symptoms and exercise capacity in 
patients with HFpEF or hear failure and mildly reduced 
ejection fraction (HFmrEF). The rationale and design of 
the ENDEAVOR trial was published in 2023 (27). In an 
extensive review, Gál R. and co-workers provided in-
depth scientific evidence on the CV benefits of natural 
polyphenols with potent antioxidant properties. Authors 
not only included laboratory studies but also human 
clinical trial data relevant to HF (28).
Finally, several other papers with significant scientific 
value were published by Hungarian authors. These are 
primarily related to heart transplantation (29,30), right 
ventricle function (31), and biomarkers (32). 

Focus issue of Cardiologia Hungarica on 
heart failure

Continuing an established tradition in 2023, Cardiologia 
Hungarica published a focused issue on HF that includ-
ed original research manuscripts, case reports, as well 
as comprehensive reviews. Sayour AA et al. published 
original research work characterizing SGLT1 expres-
sion in the left ventricle of patients with end-stage HF 
(33). In another publication, Teszak T et al. presented 
the first Hungarian experience with non-invasive cell-
free DNA (dd-cfDNA) testing evaluating allograft injury 
and rejection following heart transplantation (34). Fur-
thermore, a total of seven reviews provided insights 
into the novelties of cardiac myosin inhibition (35, 36), 
the practical implementation of the current ESC (Euro-
pean Society of Cardiology) Heart Failure Guidelines 
(37), SGLT2 inhibitors (38), advanced heart failure (39), 
and cardiac device therapy (40, 41). In addition, two 
interesting case reports were published related to hy-
pertrophic cardiomyopathy (42) and peripartum cardio-
myopathy (43). 

Conclusion

As we proudly summarized in this review, Hungarian 
researchers and clinician scientists contributed to nu-

merous remarkable publications with high impact factor 
in 2023, further advancing the field of HF. Our overview 
remains with limited scope as we were unable to in-
clude several other papers focusing on the imaging and 
experimental aspects of HF.
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