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The year 2022 yielded remarkable scientific papers from Hungary from the field of cardiac arrhythmias. During the search 
for improved efficacy of pulmonary vein isolation (PVI) interesting topics, such as first-line cryoballoon ablation, use 
of visualizable steerable sheaths, ablation on the intervenous carina, high-power and very high-power short-duration 
ablation techniques were investigated. We also learned important lessons from studies investigating the relationship 
between left atrial anatomy assessed by cardiac computed tomography (CT) and acute/long-term outcomes of PVI 
procedures. In the field of ablation of supraventricular tachycardias (SVT) researchers demonstrated better outcomes 
with prophylactic ablation of the peri-incisional isthmus in postoperative atrial flutters, limitations of ventricular pacing 
maneuvers in paroxysmal SVT diagnostics, the superiority of intracardiac echocardiography (ICE) guided slow pathway 
ablation, and the feasibility and safety of zero/minimal fluoroscopy approach. 
Detailed baseline characteristics of patients from the BUDAPEST-CRT Upgrade Trial (NCT02270840.) were reported. 
Regarding cardiac resynchronization therapy interesting details were also published about reverse electrical remodel-
ing, and the impact of premature ventricular contractions on atrial remodeling. We got valuable data on the comparative 
efficacy and safety of laser vs. mechanical lead extraction sheaths.
In the field of genetics of cardiac arrhythmias, a robust systematic review was performed and published by a Hungarian 
multicenter collaboration about the different phenotypic and genotypic manifestations of the CACNA1C gene mutations.
Finally, a focused issue of the Cardiologia Hungarica on cardiac arrhythmias should be highlighted.

pulmonary vein isolation, supraventricular tachycardia, cardiac resynchronization therapy, implantable 
cardioverter defibrillator, transvenous lead extraction, CACNA1C gene mutations

Keywords:

The year 2022 yielded remarkable scientific papers 
from Hungary in the field of cardiac arrhythmias. In 
the current review, we summarize those with the high-
est impact that are at least partly written by Hungarian 
author(s), the work included in was at least partially car-

ried out at a Hungarian research site(s), and were pub-
lished in international, peer-reviewed journals. Original 
research papers are predominantly included, but spec-
tacular case reports or reviews with special impact are 
also presented.
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Ablation of atrial fibrillation
Improving efficacy of pulmonary vein  
isolation
Isolation of the pulmonary veins (PVI) has evolved as 
the gold standard therapy of atrial fibrillation (AF). More 
and more evidences support first-line ablation over 
pharmacological rhythm control. In a sub-analysis of 
the Cryo Global Registry (participating Hungarian site: 
Gottsegen National Cardiovascular Center) AF patients 
treated with first-line cryoballoon ablation (CBA) were 
compared to CBA in antiarrhythmic drug (AAD)-refrac-
tory patients at 12 months. The first-line CBA demon-
strated a larger reduction of symptoms compared with 
CBA after AAD failure (1). Dr. Jánosi and colleagues 
from the Electrophysiology Department of University 
of Pécs compared procedural data of visualizable vs. 
non-visualizable steerable sheath assisted PVI pro-
cedures in patients with AF. In their randomized study 
(N=100) using visualizable steerable sheaths left atrial 
(LA) procedure time, radiofrequency (RF) delivery and 
fluoroscopy exposure could have been reduced without 
compromising safety or effectiveness (2). In an inter-
national collaboration, Dr. Vámos et al. demonstrated 

a lower arrhythmia recurrence rate in patients with bi-
lateral ‘en bloc’ isolation when compared to those who 
needed additional carina ablation for complete PVI in a 
meta-analysis (3).
While we are gaining more and more knowledge about 
standard ablation methods, the technical development 
is continuously aiming for safer and more successful 
energy sources. One new promising method is the 
high-power short-duration (HPSD) RF ablation thought 
to be rapid, effective, and safe for PVI because it uses 
resistive rather than conductive heating in the gene-
rally thin-walled atrium (4). Dr. Salló and researchers 
from the Heart and Vascular Centre of Semmelweis 
University showed in their prospective, observational 
3-arm cohort study of 156 patients with AF that both 
HPSD (ablation index-guided applications with 50W) 
and very HPSD (90 W for 4 s) RF ablation shortens 
procedure and RF time and results in a higher rate of 
first-pass isolation compared to low-power long-dura-
tion (ablation index-guided applications with 30W) ab-
lation. Moreover, the use of HPSD and very HPSD ab-
lation increased the acute and mid-term success rate 
without any safety concerns (5). The same working 

GRAPHICAL ABSTRACT Afib: Atrial fibrillation, CRT: cardiac resynchronization therapy, ICE: intracardiac echocardiography, LA: 
left atrium, LQTS8: long QT syndrome 8, PV: pulmonary vein, PVCs: premature ventricular contractions, PSVT: paroxsysmals 
supraventricular tachycardia, SJR: Scimago Journal Rank
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Ablation
of AFib

Improved efficacy by
• First-line cryoballoon ablation
• Visualizable steerable sheaths
• Bilateral ‘en bloc’ isolation
• High-power and very high-

power short-duration ablation

Improved predication models by
• Pre-procedural cardiac CT to 

assess LA and PV anatomy

Ablation
of PSVT

• Better outcomes with 
prophylactic ablation of the 
peri-incisional isthmus

• Limitations of ventricular pacing 
maneuvers in PSVT

• Superiority of ICE-guided slow 
pathway ablation

• Feasibility and safety of 
zero/minimal fluoroscopy

Device
therapy

• Patient characteristics from the 
BUDAPEST-CRT Upgrade Study

• Impact of reverse electrical 
remodeling in CRT

• Impact of PVCs on atrial 
remodeling in CRT

• Head-to-head comparison of 
laser vs. powered sheaths of 
transvenous lead extraction

Genetics of 
arrhythmias

• CACNA1C gene mutation 
associated Timothy syndrome , 
“cardiac only” Timothy 
syndrome , and isolated LQTS8 
exhibit major differences

• Exon 8/8A mutations carry 
higher risk

A total of 20 international publications with a cumulative impact factor of 91,568 collaborated by Hungarian 
researchers from the field of cardiac arrhythmias.
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group let us to have a closer look on the lesions creat-
ed by very HPSD ablation (90 W for 4 s) by analyzing 
6,551 very HPSD RF points: maximum contact force 
correlated with maximum temperature and contact 
force ≥5 g leaded to better tissue heating suggesting 
good lesion formation (6). Dr. Kássa and colleagues 
from the Gottsegen National Cardiovascular Center 
provided interesting comparative randomized data on 
LA lesion size, function, and tissue damage following 
PVI by HPSD RF vs. second-generation cryoballoon 
(CB2) ablation. They concluded that CB2 ablation pro-
duces a significantly larger LA lesion size compared to 
"point-by-point" HPSD ablation, both techniques pre-
serve LA function, and the myocardial component of 
tissue loss appears to be higher using HPSD radio-
frequency ablation suggesting less collateral damage, 
respectively (7).

Imaging in pulmonary vein isolation
Dr. Szegedi and colleagues have published more stud-
ies investigating the relationship between LA anatomy 
assessed by cardiac CT and acute and long-term out-
comes of PVI procedures. In a retrospective cohort 
including 448 patients who underwent initial point-by-
point PVI for AF ventral-caudal, dorsal-cranial and dor-
sal-caudal orientation of the right superior pulmonary 
vein (PV) showed an association with lower rates of AF 
recurrence when compared with the reference ventral-
cranial orientation (8). They also published their results 
from a similar retrospective trial that enrolled 428 con-
secutive patients in which all patients underwent pre-
procedural cardiac CT to assess LA and PV anatomy. 
Abutting left atrial appendage and left superior PV (de-
fined as cases when the minimum distance between 
the vein and appendage was less than 2 mm) were as-
sociated with higher AF recurrence rates (9).
Dr. Boussoussou and colleagues from the Heart and 
Vascular Centre of Semmelweis University demon-
strated in their single-center prospective study enrolled 
consecutive patients with symptomatic, drug-refractory 
AF undergoing catheter ablation that LA wall thickness 
(assessed by cardiac CT) does not have an influence 
on the acute procedural success of PVI using ablation 
index and a standardized ablation protocol (10).

News from supraventricular tachycardia 
ablations

Researchers from the University of Szeged questioned 
if prophylactic ablation of the peri-incisional isthmus in 
addition to the standard cavotricuspid isthmus justified 
in patients with postoperative right atrial (RA) flutter. In 
their single-center retrospective cohort study (N=142) 
after extended right atriotomy (for example mitral valve 
repair/replacement through a transseptal approach, 
tricuspid valve repair/replacement, atrial or ventricular 

septal defect surgery, etc.), ablation of both the cavo-
tricuspid and the peri-incisional isthmus significantly 
reduced the flutter recurrence rate compared to a ca-
votricuspid isthmus only ablation supporting the con-
cept of prophylactic ablation of both isthmi even if not 
proven to support reentry (11). Dr. Kupó and colleagues 
published a paper about the limitations of ventricular 
pacing maneuvers to differentiate orthodromic recip-
rocating tachycardia (ORT) from atrioventricular nodal 
reentry tachycardia (AVNRT) including 60 patients with 
supraventricular tachycardia (SVT) undergoing inva-
sive electrophysiology (EP) study. The authors found, 
that no single maneuver was 100% sensitive for ORT 
and semi-quantitative parameters of VOP (requiring the 
recognition of specific ECG patterns) have limited re-
producibility (12). The same working group highlighted 
the benefits of intracardiac echocardiography (ICE) in 
slow pathway (SP) ablations for AVNRTs. In a single-
center trial, 91 patients undergoing electrophysiologic 
study and SP ablation for AVNRT were randomized 
into fluoroscopy-only or ICE-guided groups. ICE-guid-
ance significantly reduced mapping and ablation time, 
radiation exposure, and RF delivery in comparison to 
fluoroscopy-only procedures. Moreover, based on the 
subgroup analysis of a crossover group (allowed after 8 
unsuccessful ablation attempts), early switching to ICE-
guided ablation seemed to be an optimal choice in chal-
lenging cases (13).
Due to the technological progress made in the last 
decade, using 3D electroanatomical mapping systems 
and/or ICE the majority of the ablation procedures can 
be performed safely with minimal radiation exposure 
or even without the use of fluoroscopy. Dr. Debreceni 
and researchers from the University of Pécs conduct-
ed a meta-analysis including 9,074 patients from 24 
trials comparing zero/minimal fluoroscopy (Z/MF) app-
roach to conventional, fluoroscopy-guided stra tegy for 
the treatment of paroxysmal SVTs. The authors dem-
onstrated that the Z/MF approach for the catheter ab-
lation of SVTs is a feasible method that reduces radia-
tion exposure and ablation time without compromising 
the acute and long-term success or complication rates 
(14).

Novelties in device therapy
Cardiac Resynchronization Therapy
The BUDAPEST-CRT Upgrade Study, one of the most 
important investigator-initiated, international, multicent-
er, randomized, controlled trials from Hungary (Clinical-
Trials.gov NCT02270840) is getting closer to the final 
analysis. Prof. Merkely et al. published their article in 
the European Journal of Heart Failure about the base-
line clinical characteristics of 360 heart failure (HF) 
patients with reduced ejection fraction enrolled in the 
study (15). When comparing with prior CRT trial co-
horts, the BUDAPEST-CRT Upgrade study included 
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older patients with a strong male predominance and a 
high burden of atrial fibrillation and other comorbidities 
pinpointing those who should be followed strictly in our 
clinical practice and making the final results more inter-
esting which are expected to be published in the first 
half of 2023.
In a systematic review and meta-analysis Pilecky and 
colleagues analyzed the incidence and impact of in-
trinsic QRS complex width during follow-up in CRT re-
cipients, a simple method to assess reverse electrical 
remodeling (RER). After inclusion of 16 studies com-
prising 930 patients, they found that shortening of in-
trinsic QRS duration (i.e. RER) is a common finding 
during follow-up of patients undergoing CRT and is as-
sociated with mechanical reverse remodeling and clini-
cal improvement (16).
Researchers from the Heart and Vascular Center of 
the Semmelweis University reported atrial remodeling 
(≥15% improvement of left atrial volume) and a trend 
for a better mortality outcome in CRT recipients with 
a lower number of premature ventricular contractions 
(PVCs <11401 within the 1-month follow-up) underlying 
the importance of the early assessment of ventricular 
extrasystoles in this patient population (17).
An interesting case was reported by Dr. Riba and col-
leagues about a patient with a previous chest burn in-
jury in whom due to skin necrosis explantation of the 
primarily implanted CRT-D system was needed. After 
that, a surgical reimplantation with the combination of 
transatrial and transapical lead placement and abdomi-
nal device pocket was successfully applied (18).

Implantable Cardioverter Defibrillators
To preserve the benefit of atrial sensing without the 
need to implant an additional lead, a single-lead ICD 
system with a floating atrial dipole (VDD or DX ICD) 
has been developed as previously reported in deta-
il also in Cardiologia Hungarica (19). Dr. Vamos et al. 
now presented a spectacular case report of a patient 
with a successful implantation of VDD ICD system via a 
persistent left superior vena cava (20). 

Transvenous lead extraction
Single-center data from 166 consecutive patients 
undergoing transvenous lead extraction (245 leads, 
dwelling time 9.4±6.3 years) were retrospectively an-
alyzed at the University of Szeged to compare out-
comes directly with the laser and powered mechani-
cal tools. In their analysis published in Europace the 
efficacy and safety of laser and mechanical sheaths 
were similar, however, in the subgroup of crossover 
procedures mechanical tools had better performance 
regarding clinical success. Based on a step-by-step 
efficacy analysis it could be also demonstrated that 
device diversity (i.e. availability of different extraction 
tools) helps to improve outcomes of transvenous lead 
extraction (21).

Genetics of cardiac arrhythmias

Mutations in the CACNA1C gene – encoding the major 
Ca2+ channel of the heart – may exhibit a variety of clini-
cal manifestations, including typical or atypical Timothy 
syndromes (TS). They can be associated with multiple 
organ manifestations, and cardiac involvement in form 
of malignant arrhythmias, QTc prolongation, or AV block. 
“Cardiac only” Timothy syndrome (COTS) shows no ext-
racardiac manifestation, whereas some CACNA1C gene 
mutations are associated only with QTc prolongation 
alone (i.e. long QT syndrome 8, LQT8). Dr. Borbas et 
al. in a Hungarian multicenter collaboration performed a 
robust systematic review of the different phenotypic and 
genotypic manifestations of the CACNA1C gene muta-
tions. This comprehensive systematic review demon-
strated that CACNA1C gene mutation-associated TS, 
“cardiac only” TS, and isolated LQTS8 exhibit major 
differences regarding clinical manifestations and out-
comes. Among the phenotypes, TS showed the most 
severe clinical manifestations with much earlier disease 
onset, much more pronounced QTc prolongation, and 
much higher mortality than other forms. Their work war-
rants a high degree of surveillance if these diseases es-
pecially TS is identified because of the high rate of ad-
verse cardiac events. Based on this report, genotyping 
of the patients may also help to stratify the risk of the 
patients as exon 8/8A mutations carry a higher risk (22).

Focus issue of Cardiologia Hungarica on 
arrhythmias

According to traditions, a focused issue of the Cardio-
logia Hungarcia was published in 07/2022, presenting 
interesting reviews and case reports from the world 
of cardiac arrhythmias. Martinez-Parachini and Ansel 
P. Amaral from the USA summarized our knowledge 
about cardiac amyloidosis and its electrophysiologic 
manifestations (23). Moreover, five reviews provided in-
sights into the actualities of vascular ultrasound-guided 
femoral vein puncture (24), resynchronization therapy 
in the elderly (25), AF ablation in heart failure (26), sub-
clinical AF and anticoagulant therapy (27), sudden car-
diac arrest and resuscitation (28). Furthermore, three 
interesting case studies were reported covering the 
topics of left bundle branch area pacing (29), cardiac 
contractility modulation (30), and AV-nodal reentrant 
tachycardia (31). It is a special pleasure to mention that 
from the issue 11/2022, the traditional “I show you an 
ECG” topic was relaunched (32).

Conclusions

As we proudly presented in the current review, in 2022 
Hungarian researchers collaborated in several valuable 
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scientific papers from the field of clinical and invasive 
electrophysiology and arrhythmology. The current re-
view summarized a total of 20 international publications, 
comprising 91,568 cumulative impact factor, published 
in two D1, ten Q1, six Q2, and two Q4 journals based 
on the Scimago Journal Rank (see Graphical abstract). 
Current topics, like ablation of AF and SVTs, CRT, ICD, 
transvenous lead extraction, and genetics of arrhythmias 
were covered. The presented publications demonstrate 
a very active, up-to-date, and internationally highly-rated 
Hungarian scientific work related to cardiac arrhythmias.
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