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Abstract The ESC-EHRA Atlas on Heart Rhythm Disorders was developed to comprehensively map arrhythmia care across the
European Society of Cardiology (ESC) member countries. A survey of National Cardiac Societies, VWorking Groups, and
other EHRA partners in ESC member countries was conducted to gather data from 2023 or the most recently available
year on arrhythmia care organization and delivery. In total, 51 ESC member countries actively participated in the study,
with a survey completeness rate of 91%. The median number of hospitals performing EP or CIED procedures was 3.3
per million people. The annual median numbers of ablation procedures for heart rhythm disorders, atrial fibrillation, and
supraventricular tachycardia per million people were 432, 151, and 136, respectively. The annual median numbers of pace-
makers, implantable cardioverter-defibrillators (ICD), and cardiac resynchronization therapy cardioverter-defibrillator
(CRT-D) implantations per million people were 739, 195, and 54, respectively. The median number of hospitals performing
remote monitoring of CIEDs per million people was 0.5, though this service was unavailable in 15 countries. Two main uni-
versal issues emerged among the obstacles to guideline implementation: a lack of heart rhythm allied professionals and gen-
eral dissatisfaction with the country’s reimbursement system. The first edition of the ESC-EHRA Atlas presents up-to-date
information on arrhythmia care organization and delivery among ESC member countries and highlights significant discrep-
ancies in patients’ access to ESC-guideline-recommended therapies.
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Arrhythmia care in ESC member countries

Methods

Data sources

The statistics presented in this manuscript are the result of the ESC-EHRA
survey based on the ESC Atlas data framework.?® Data were derived from a
survey of National Cardiac Societies, Working Groups and other EHRA
partners in ESC member countries. Additionally, a number of data points
were obtained from the database of the latest edition of ESC
Cardiovascular Statistics or from the official EHRA website.>** World
Bank population census data were used for calculating rates per million
population. All original data sources were recorded for traceability.?* The
survey provides absolute numbers for resources and procedures, while
crude rates per million population are calculated using population estimates
from the World Bank.” In general, as in the main Atlas project, population
data were derived from official sources (World Bank, Organization for
Economic Cooperation and Development, OECD) to ensure consistency
and accuracy in rate calculations.?

Data collection

The data collection encompassed 98 variables related to human and capital
infrastructure, as well as major cardiovascular (CV) interventions and ser-
vices, across ESC member countries. These variables, developed by a dedi-
cated task force, were included in a structured questionnaire distributed to
the EP National Cardiac Societies, Working Groups and other EHRA part-
ners. Definitions of variables are available in the Supplementary material
online. The task force prioritized variables that reflect essential aspects of
clinical care, infrastructure, and health outcomes, aligning them with public
health priorities. The selection process ensured the variables’ relevance and
applicability. The survey is composed of two main sections: Numerical and
categorical. The numerical section collects quantitative data where respon-
dents provide specific values, such as the number of procedures performed
or resources available. The categorical section focuses on qualitative data,
capturing information about the availability and accessibility of services
and products, as well as reimbursement policies. Data sources were cate-
gorized as follows: official government websites and reports, industry
sources, local publications, national registries, estimations, and personal
communications. Data completeness per country is listed in the
Supplementary material online. Missing data were not imputed but are ex-
plicitly marked in the figures and Supplementary material online to maintain
transparency.

Quality control

Quality controlgrocedures were applied to the data to identify outliers and
illogical values.”® As part of this process, total variables were systematically
reviewed alongside their corresponding subtotal variables. The data were
validated against predefined definitions, ensuring they accurately repre-
sented their intended components. The quality control process also in-
cluded comparisons of the current dataset with publicly available data.
Discrepancies were flagged for further investigation with the respective na-
tional contributors. Flagged values were then reviewed with the respective
national contributing entities and corrected as necessary. The EP National
Cardiac Societies, Working Groups and other EHRA partners were an in-
tegral part of this process, leveraging their expertise and local insights.
Modifications were applied only after thorough verification to ensure all ad-
justments aligned with the original data structure and definitions.

This approach ensured the logical integrity of the dataset and facilitated
consistency across variables, enhancing the reliability of the findings pre-
sented in this article.

Data presentation

The data are presented descriptively for ESC member countries, accom-
panied by illustrative tables and charts from the ESC-EHRA Atlas on
Heart Rhythm Disorders survey. Data representing the year 2023 or the
most recently available year is included in this project. For consistency
and comparability, country-level data are calculated as a rate per one million
inhabitants. The categorical data have been reported as percentages.
Summary statistics are reported as medians and interquartile ranges
(IQR) to minimize the influence of outliers and provide a more accurate re-
presentation of data distribution across diverse countries. Countries with

missing data are listed both in a footnote of a figure and in the
Supplementary material online. Values reported as ‘0" are presented in
the footnotes to the figures and taken into consideration when calculating
medians (IQR).

Results

Data for 2023, or the most recently available year, were collected via a
questionnaire from 51 countries: Algeria, Armenia, Austria, Azerbaijan,
Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czechia,
Denmark, Egypt, Estonia, Finland, France, Georgia, Germany, Greece,
Hungary, Iceland, Ireland, Israel, Italy, Kazakhstan, Republic of Kosovo,
Kyrgyzstan, Latvia, Lebanon, Lithuania, Luxembourg, Malta, Republic
of Moldova, Montenegro, Netherlands, North Macedonia, Norway,
Poland, Portugal, Romania, Republic of San Marino, Serbia, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Tunisia, Turkiye, Ukraine, UK,
and Uzbekistan. Data completeness rate was high—91% with median
per-country completeness rate 95.3% (IQR 86.7-99.2%). The country-
specific datasets are available in the Supplementary material online.

Infrastructure

A median of 3.3 (IQR 1.8-5.1) hospitals per million people undertook
electrophysiology (EP) or device implantation procedures for diagnos-
tic or interventional purposes in adults (Figure 1); the following coun-
tries reported one hospital: Malta, Montenegro, and Republic of San
Marino. EP or cardiac implantable electronic device (CIED) procedures
in children were performed in a median of 0.3 (IQR 0.2-0.6) hospitals
per million people: six countries reported 0 and 12 countries reported
one hospital. A median of 1.3 (IQR 0.8—-1.7) hospitals per million people
had on-site cardiac surgery.

A median of 1.2 (IQR 0.8-1.9) hospitals per million people per-
formed atrial fibrillation (AF) ablation ranging from 0 in Republic of
Kosovo and Republic of San Marino to >4 in Cyprus and Germany
while a median of 1 (IQR 0.5-1.5) hospital per million people per-
formed ventricular tachycardia (VT) ablation in patients with structural
heart disease (SHD) ranging from O in Republic of Kosovo, North
Macedonia and Republic of San Marino to >2.4 in Germany, Iceland
and Switzerland. A median of 3.1 (IQR 1.8-5) hospitals per million peo-
ple performed pacemaker implantations. Conduction system pacing
(CSP) devices were implanted in a median of 0.9 (IQR 0.5-1.6) hospitals
per million people, ranging from O in six countries to >3 in Finland,
Luxembourg and Switzerland. Implantable cardioverter-defibrillators
(ICDs) and/or cardiac resynchronization therapy (CRT) devices were
implanted in a median of 2.3 (IQR 1.5-3.6) hospitals per million people,
ranging from O in Republic of San Marino to >7 in Cyprus, Germany,
Italy, Spain and Switzerland. Transvenous lead extraction (TLE) was
performed in a median of 0.6 (IQR 0.2-0.9) hospitals per million people:
ranging from O in seven countries to >1.4 in Estonia and Cyprus,
Luxembourg and Malta.

Human resources

Country-specific number of operators in EP, CIED, and TLE per million
people are provided in Figure 2. For paediatric electrophysiologists, there
were only 0.4 (IQR 0.1-0.7) per million people ranging from O in nine
countries to >2 in Estonia, Lithuania, and Slovenia. Across all ESC mem-
ber countries, EP operators were predominantly male: female EP opera-
tors accounted for a median of 13% (IQR 6-22; range: 0% in eight
countries to over 30% in Armenia, Latvia, and Tunisia), while female
CIED operators accounted for a median of 14% (IQR 8-20; range: 0%
in four countries to over 30% in Algeria, Romania, and Tunisia).
Country-specific number of fellows in EP, CIED, and TLE are shown
in Figure 3. Heart rhythm allied professionals numbered 3.5 (IQR 0.5—
13) per million people (range O in seven countries to >40 in Norway
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Figure 1 The number of hospitals per million people in each country that perform electrophysiology procedures for diagnostic or interventional
purposes or implant cardiac electronic devices. Malta, Montenegro, and Republic of San Marino reported only one hospital.

and Poland) falling to 1.6 (IQR 0-7.2) per million people (range: 0 in 10
countries to >25 in Denmark and Poland) if only dedicated allied pro-
fessionals working full-time or certified in EP or CIED were considered.

Electrophysiology and cardiac implantable

electronic device certification

Over the past few decades, to ensure the quality of patient care, many
ESC member countries have progressively implemented certification
requirements for EP or CIED specialists, allied professionals, and
hospitals. An analysis of the collected data reveals that approximately
45% of ESC member countries have a formal certification process

for physicians performing EP or CIED implantations. Certification is
typically provided by national cardiac societies, working groups, or
other entities such as universities. In eleven countries—22% of the
total—certification for performing EP or CIED procedures is manda-
tory, primarily for reimbursement purposes. Additionally, in 12
countries—24% of the respondents in our survey—there is a formal
hospital certification process overseen by an official government
body to ensure the quality of care provided and to facilitate reimburse-
ment for the procedures performed.

The EHRA EP or CIED certification is recognized to varying degrees
across ESC member countries that participated in the survey. Overall,
EHRA EP and CIED certification is acknowledged in 92% of these

920z Aieniga 'z uo 1senb Aq §790128/vZ L1ens/ /. z/elonie/eoedoina/wod dnotolwapese//:sdny wodl papeojumoq



Arrhythmia care in ESC member countries

EP operators

Egyptl 0.4

CIED operators

Transvenous lead

Egyptl 0.5 extraction operators
Azerbaijanl 0.4 Uzbekistanl 0.6
Algerial 0.4 Algeriall 0.8 Egyptl 0.1
Kyrgyzstanl 0.4 Armeniall 1.7 Ukraine 1 0.1

Uzbekistanl 0.5
Bosnia & Herzegovinal 0.6
Ukrainell 0.8

Azerbaijanll 1.8
Kyrgyzstanll 1.8
Lebanonl 2.1

Azerbaijan I 0.1
Kyrgyzstan 10.1

Lebanonll 1.0 Romaniall 2.1 Tunisia 0.2
Kazakhstanll 1.5 Kazakhstan @l 2.2 Kazakhstan o2
Romaniall 1.7 Ukraine l 2.4 Uzbekistan 10.2
Turkiye l 2.0 Republic of Moldovall 2.4 Austria 10.2
Armenialll 2.0 Turkiye l 2.5 Georgia 0.3
Republic of Moldp\{al 2.0 Tunls!al 2.7 Turkiye 0.3
Tunisialll 2.2 Georgialll 4.3 Serbia 0.3
Serbialll 2.3 Republic of Kosovo ll 4.6 . )
Bulgaria il 2.9 Israel I 5.1 Slovakia 0.6
Latvia il 3.2 Bosnia & Herzegovina Il 5.3 Romania lll 0.6
Montenegro [l 3.2 Serbia lll 5.4 Sweden [l 0.8
North Macedonia [l 3.3 Montenegro [l 6.5 Bulgaria [l 0.8
Norway Il 3.6 Ireland I 6.6 Republic of Moldova [l 0.8
Slovakia Ml 3.9 Malta I 7.2 Greece I 0.9
Netherlands Il 4.1 Lithuania I 7.3 Leb -0'9
Georgia ll 4.3 North Macedonia Il 7.7 ebanon )
Israel I 4.5 Hungary Il 7.8 Finland I 0.9
Hungary I 4.7 Spain I 7.9 Slovenia Il 0.9
Ireland N 4.7 Bulgaria I 8.1 Israel [l 1.0
Iceland|= 5.1 glzecllzia- %13 Czechia I 1.1
Portugal 5.1 ovakia .
Estonia Il 5.1 Greece Il 8.7 Neth:rE:Zi = 11
Croatia Il 5.2 Estonia [l 8.8 '
Cyprus Il 5.2 Latvia IS 9.6 Denmark I 1.2
Finland M 5.4 France NN 9.7 Croatia [l 1.3
Sweden M 5.4 Iceland I 10.2 Norway [N 1.5
Czechia [l 6.0 Sweden I i(())g Cyprus I 1.5
Luxembourg I 6.0 Finland N 10. f
Denmark I 6.4 Cyprus NN 11.9 Switzesrllf:z =1158
Greece [l 6.8 Croatia I 12.2 ’
Malta NI 7.2 Denmark I 13.5 Germany I 1.8
Lithuania I 7.7 Slovenia NN 14.1 Hungary I 1.9
Spain I 7.9 Germany I 14.2 Poland NN 2.1
France I 8.0 Norway NN 15.2 Latvia NG 2.7
Poland I 3.1 Italy I 15.2 Estonia I 2 .9
Austria NN 8.4 Switzerland NN 15.4 Italy I .4
Switzerland I 9.0 Luxembourg NN 16.5 )
Germany IS 9.0 Poland I 17.7 Malta IS 3.6
Belgium I 11 5 Portugal INEG 21.5 Belgium [N 4.0
Slovenia NI 01 .2 Austria ININIEG 31.0 Lithuania NG 4.5
0 10 20 10 20 30 0 2 4

Number per million

Number per million

Number per million

Figure 2 Number of operators in electrophysiology, cardiac implantable electronic devices, and transvenous lead extraction, per million people by
country. EP operators. Republic of Kosovo reported 0 while Republic of San Marino reported only one EP operator. Missing data: Italy, UK. CIED op-
erators. Missing data: Belgium, Netherlands, UK. Republic of San Marino reported 0 CIED operators. Transvenous lead extraction operators. Algeria,
Armenia, Bosnia and Herzegovina, Iceland, Republic of Kosovo, North Macedonia, Montenegro, and Republic of San Marino reported O TLE operators.

Missing data: Algeria, Ireland, Luxembourg, Portugal, UK.

countries. In 12 countries—26%—it holds equal value to nationally
provided certification. However, in more than half of the surveyed
countries, this certification carries only informal recognition. In five
countries—Croatia, Malta, the Netherlands, Sweden, and Switzerland

—the EHRA certification is recognized as the only available personal
certification.

Procedures and resources in
electrophysiology

A median of 1.5 (IQR 0.9-2.4) hospitals per million people performed
any EP procedures, ranging from <0.5 in Algeria, Azerbaijan, Egypt, and
Ukraine, to >4 in Cyprus, Germany, and ltaly. Country-specific num-
bers of hospitals undertaking >100 ablation procedures and >50 AF

ablations per million people are shown in Figure 4. Cryoballoon, radio-
frequency, and pulsed field ablation technologies were used in a median
of 0.9, 1.1, and 0.2 hospitals per million people, respectively. Epicardial
VT ablation was performed in only 0.3 hospitals per million people, and
zero fluoroscopy ablation in 0.2 hospitals per million people.

The annual median number of ablation procedures for heart rhythm
disorders was 432 (IQR 131-648) and ranged from <20 per million
people in Algeria to >1300 in Belgium and France (Figure 5); Republic
of San Marino reported 0 ablations in 2023. The annual median number
of AF ablations was 151 (IQR 31-286) and ranged from O procedures in
Republic of Kosovo and Republic of San Marino to >600 in Switzerland,
Denmark and Germany (Figure 5). Radiofrequency ablation (RFA) was
the dominant modality in Belgium, cryoballoon ablation (CB) in
Germany, and pulsed field ablation (PFA) in Czechia.
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Figure 3 Numbers of fellows in electrophysiology, cardiac implantable electronic devices, and transvenous lead extraction per million people by
country. EP fellows. Cyprus, Iceland, Lebanon, Lithuania, Luxembourg, Republic of Moldova, and Tiirkiye reported O EP fellows. Missing data:
Czechia, Denmark, Ireland, Portugal, Republic of San Marino, UK. CIED fellows. Cyprus, Iceland, Lebanon, Lithuania, Luxembourg, and Republic of
San Marino, and Turkiye reported 0 CIED fellows. Missing data: Austria, Belgium, Czechia, Denmark, Ireland, Netherlands, Portugal, UK. Lead extracting
fellows. Armenia, Bosnia and Herzegovina, Cyprus, Estonia, Georgia, Iceland, Israel, Republic of Kosovo, Kyrgyzstan, Lebanon, Lithuania, Luxembourg,
Republic of Moldova, Montenegro, Romania, Republic of San Marino, Serbia, Slovakia, and Turkiye reported O TLE fellows. Missing data: Belgium,
Bulgaria, Croatia, Denmark, France, Ireland, Italy, Kazakhstan, Netherlands, Portugal, Spain, Tunisia, and UK.

Numbers of supraventricular tachycardia (SVT) ablations per million
people ranged from <10 in Algeria to >300 in France, Germany, and
Switzerland, premature ventricular contractions/idiopathic VT abla-
tions from <0.6 in Algeria, Bosnia and Herzegovina and Republic of
Kosovo to >90 in Greece and Poland and ablations for VT in SHD
from O in four countries to >40 per million people in Czechia,
France, and Switzerland. Numbers of paediatric ablations ranged
from 0 in five countries to >20 per million people in Estonia, Iceland,
and Norway, congenital heart disease ablations from 0 in eight

countries to >15 per million people in Germany and Switzerland and
cardioneuroablation from 0 in 23 countries to >6 in Belgium and
Czechia.

Procedures and resources in cardiac

implantable electronic device

The median number of pacemaker (PM) implantations (first-time and
replacement), was 739 (IQR 264-953) per million people, ranging
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Figure 4 Number of hospitals by country performing 100 or more of any ablations for heart rhythm disorders per million people and those per-
forming 50 or more of AF ablations per million people. Hospital undertaking >100 any ablations per year. Republic of Kosovo, Malta, Republic of San
Marino reported O while Algeria, Cyprus, Iceland, Latvia, Luxembourg, Montenegro, and North Macedonia reported only one hospital. Missing data:
[taly. Hospital undertaking >50 AF ablations/year. Algeria, Armenia, Republic of Kosovo, North Macedonia, Malta, Republic of Moldova,
Montenegro, Republic of San Marino reported 0 while Azerbaijan, Bosnia & Herzegovina, Cyprus, Iceland, Kyrgyzstan, Latvia, and Luxembourg reported
only one hospital. Missing data: Italy, Tunisia.

from <50 in Azerbaijan, Kyrgyzstan, and Uzbekistan to >1000 in 11 ranging from 0 in nine countries to >100 in Czechia, Estonia, France,

countries (Figure 6). The median number of leadless PM (LPM) implan- and Switzerland. The median number of cardiac resynchronization
tations was 2.5 (IQR 0-9) per million people ranging from 0 in 13 coun- therapy pacemakers (CRT-P) implantations was 25.3 (IQR 6.3-56.6)
tries to >30 in France, Israel, and Switzerland (Figure 7). The median per million people, ranging from <0.3 in Azerbaijan, Georgia, and

number of CSP implantations was 7.8 (IQR 0.9-34.5) per million people Kazakhstan to >90 in Bulgaria and UK.
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Figure 5 Number of ablation procedures for heart rhythm disorders per million people by country (A), number of AF ablations per million people by
country (B). Ablations to correct heart rhythm disorders. Republic of San Marino reported 0 ablations. Missing data: Azerbaijan, Ireland, Kazakhstan,
Tunisia. AF Ablations. Republic of Kosovo and Republic of San Marino reported 0 AF ablations. Missing data: Ireland, Tunisia. * Belgium reported AF and
other complex left atrial ablations together, in accordance with national rules on procedure reporting for reimbursement.

The median numbers of conventional ICD and subcutaneous/extra-
vascular ICD implantations per million people was: 125 (IQR 35-160)
and 1.8 (IQR 0-6.2), respectively; country-specific numbers are pre-
sented in Figure 8. The median number of cardiac resynchronization
therapy cardioverter-defibrillators (CRT-D) implantations per million

people was 54 (IQR 19-83) ranging from <2 in Bosnia and
Herzegovina and Uzbekistan to >130 in Czechia, ltaly, and Poland.
The median number of TLE procedures per million people was 8.2
(IQR 2-17.7) ranging from O in six countries to >30 in France,
Germany, Poland, and Slovenia. Median numbers of TLEs due to
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Figure 6 Number of pacemaker implantations regardless of type or
indication. Missing data: Republic of San Marino.

infective or non-infective indications per million people were: 4 (IQR
0.8-8.2) and 2.2 (IQR 0.02-8.4), respectively.

The median number of hospitals implanting loop recorders (ILR) per
million people was 1.9 (IQR 0.5-3.8) ranging from 0 in four countries to
>7 in Austria, Cyprus and Germany. The median number of ILR implan-
tations per one million people was 24.6 (IQR 2.5-92.5) ranged from 0 in
four countries to >200 in Austria, France, and Switzerland.

Organization of care and other procedures

Patient access to CIED remote monitoring varied widely (Figure 9). The
median number of hospitals performing remote monitoring of CIEDs

per one million people was 0.5 (IQR 0-1.9) ranging from 0 in 17 coun-
tries up to 17.9 in Germany. In paediatric populations, the median
number of hospitals offering CIED remote monitoring per million
people was 0 (IQR 0-0.2) and ranged from 0 in 21 countries to >4
in Sweden.

Of the 50 countries that reported availability of genetic testing only
26 had developed structured national programmes for inherited ar-
rhythmia syndromes with the Netherlands providing genetic testing
at all academic centres while in most other countries it was limited
to large centres.

Some form of national community training in basic or advanced life
support was reported in 43 countries (Figure 10) with public access
to cardioverter-defibrillators mandated by law in 18 countries. In the
remaining 32 countries automated external defibrillators were often
available despite the absence of official regulation.

There was little provision for wearable cardioverter-defibrillators
(WCD) among ESC member countries with 34 countries reporting O
patients in 2023 and only Austria, France, and Germany reported med-
ians of >70 patients per million people.

The median number of hospitals performing left atrial appendage
closure (LAAC) per million people with an electrophysiologist directly
involved in the procedure was 0.3 (IQR 0-0.9) ranging from 0 in 13
countries to >2 in Estonia, Belgium, ltaly and >5 in Germany. The me-
dian number of such procedures was 3.1 (IQR 0-13.3) per million peo-
ple ranging from 0 in 13 countries to >50 in Belgium, Denmark, and
Germany.

Only five countries reported availability of a formal structured net-
work for optimized management of VT or electrical storm. However,
some countries are negotiating with the authorities or awaiting a final
decision for the establishment of such a network while others have de-
veloped informal arrangements with specialist centres for referral of
patients with VT, e.g. Denmark and Czechia.

Reimbursement and obstacles to
clinical practice or guideline

implementation

Table 1 summarizes procedure-based reimbursement statistics for ESC
member countries. Those procedures that were nationally available
were mostly covered by mandatory public insurance sometimes sup-
plemented by cash payment. New technologies were adopted at differ-
ent rates across ESC member countries and while conventional ICDs,
for example, were available in all countries, leadless devices were
unavailable in seven countries and remote follow-up of high-energy
devices in nine countries reporting to the Atlas. Dedicated reimburse-
ment for paediatric EP or CIED procedures was provided by 22 coun-
tries, for magnetic resonance imaging in patients with CIEDs by 10
countries and for CSP pacemaker implantations in 11 countries.

Obstacles to clinical practice or guideline implementation are
summarized in Table 2. General satisfaction or a neutral attitude to-
wards the local reimbursement system was reported by 30 coun-
tries despite negativity about tariff levels in countries such as
Spain, Germany, and ltaly, otherwise reporting high EP/CIED
procedure rates. Although 36 countries considered the numbers
of patient referrals for EP/CIED procedures satisfactory, concern
was often expressed about regional inequalities in procedure rates
within national borders. Operator availability showed considerable
heterogeneity across ESC member countries (Figure 11) with
Poland, France, and Croatia, for example, reporting sufficient
CIED and EP operators while Romania, Czechia, and Uzbekistan re-
ported a shortage, particularly affecting CIED operators. A shortage
of allied professionals was reported by 40 countries, a lack of guide-
line awareness by 9 countries and a lack of access to relevant tech-
nology by 17 countries.
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Leadless pacemakers
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Figure 7 Number of leadless pacemaker implantations per million people by country (A), and number of conduction system pacing stimulator im-
plantations per million people by country (B). Leadless pacemakers. Algeria, Armenia, Azerbaijan, Bosnia and Herzegovina, Estonia, Georgia, Iceland,
Republic of Kosovo, Kyrgyzstan, Republic of Moldova, Portugal, Tunisia, and Uzbekistan reported O leadless pacemaker implantations. Missing data:
Belgium, Ireland, Netherlands, Republic of San Marino. CSP Pacemakers. Reported value zero: Algeria, Azerbaijan, Bosnia and Herzegovina, Cyprus,
Georgia, Lithuania, Montenegro, and Uzbekistan reported 0 CSP pacemaker implantations. Missing data: Luxembourg, Austria, Belgium, Denmark,

Ireland, Netherlands, Norway, Portugal, Republic of San Marino, UK.

Discussion

The ESC Atlas on Heart Rhythm Disorders presents a comprehensive
and up-to-date analysis of ESC member countries’ resources and pro-
cedures for diagnosing and treating arrhythmias. Data showed

substantial international heterogeneity with procedure rates per million
people often varying by a factor of 100 or more. Generally speaking, the
more complex or demanding the procedure the less was its availability,
particularly in the case of newer technologies (e.g. CSP pacemakers) or
paediatric indications. Regarding operators, CIED specialists were the
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Conventional ICDs
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Figure 8 Number of conventional implantable cardioverter-defibrillators implanted per million people by country (A), and the number of subcuta-
neous/extravascular cardioverter-defibrillators implanted per million people by country (B). Conventional ICDs. Missing data: Ireland, Republic of San
Marino. Subcutaneous/extravascular ICDs. Algeria, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Egypt, Estonia, Iceland, Republic of Kosovo,
Kyrgyzstan, Lithuania, North Macedonia, Republic of Moldova, Montenegro, Ukraine, and Uzbekistan reported O implantations of subcutaneous/extra-
vascular ICDs. Missing data: Ireland, Italy, Republic of San Marino.
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Figure 9 Number of hospitals per one million people that perform
remote monitoring of cardiac implantable electronic devices. Algeria,
Armenia, Azerbaijan, Bosnia and Herzegovina, Egypt, Georgia,
Republic of Kosovo, Kyrgyzstan, Lebanon, Lithuania, Luxembourg,
Montenegro, Republic of Moldova, Tunisia, Tirkiye, Ukraine,
Uzbekistan reported O while Cyprus, Iceland, Malta, North
Macedonia reported only one hospital. Missing data: Austria,
Belgium, Ireland, Italy, Netherlands, Republic of San Marino, UK.

most prevalent, followed by EP operators, with TLE operators consid-
erably less numerous. Female operators constituted a minority. A near-
ly universal issue was the lack of allied heart rhythm professionals.
Approximately half of the countries had some form of certification pro-
cess to confirm EP or CIED expertise, while in about 80% of countries
EHRA certification was recognized formally or had an informal value.

The number of EP and CIED procedures was generally highest in the
high-income countries of western and northern Europe although pro-
cedure rates were comparable in Bulgaria, Czechia, Croatia, and
Poland. The adoption of new CIED technologies such as LPM or sub-
cutaneous/extravascular ICD was uneven, and several countries re-
ported no implants in 2023 or the latest available year. The same was
true for CIED remote monitoring and WCD.

The ESC-EHRA Atlas recorded organizational statistics such as gen-
etic testing for inherited arrhythmia syndromes, BLS/ALS training for

National community training in basic life support
(BLS) and advanced life support (ALS) organization

Mandatory part of training
for obtaining a vehicle license 28%

Part of school/university

curriculum 28%
Provided by NGOs 30%
No organized training 14%

Figure 10 Types of national community training programmes in
basic or advanced life support. All survey participants replied.

sudden cardiac death and access to public cardioverter-defibrillators.
Results were encouraging with high implementation of these important
public health measures.

Among obstacles to guideline implementation, a lack of heart rhythm al-
lied professionals and complaints about local reimbursement systems re-
ceived special attention. Both were consistently reported by countries
with high procedure rates. In one-third of countries, it was limited access
to technology for use in clinical practice rather than a lack of reimbursement
that was identified as the principal problem. Particularly newer CIED tech-
nologies, including remote monitoring, influenced this situation.'>#>%

The reimbursement system can significantly influence country-specific
healthcare delivery and access to new technologies.'"** A detailed de-
scription of the reimbursement systems of all ESC member countries
was beyond the scope of this project. However, a simplified method
of mapping public or private coverage of arrhythmia was undertaken.
The majority of procedures were fully reimbursed by national healthcare
services or social insurance systems; however, procedural tariffs may
have been lower than expected by respondents. This was probably, at
least in part, due to a Diagnosis-Related Group (DRG) system adopted
in many European countries.'” Only in a minority of situations was the
patient required to pay for the procedure personally.

The authors of this manuscript deliberately avoided elaborate data ana-
lyses or deeper comparisons. Instead, they focused on presenting com-
prehensive information in the manuscript itself or in the Supplementary,
where all country-specific data can be found. Therefore, there are no
comparisons between high-income and low-income countries or in-depth
analyses of the interaction between the number of procedures and reim-
bursement seen in other Atlas publications.

The ESC-EHRA Atlas data cannot be compared with the 2017 EHRA
White Book, not only because of the time gap between the two pro-
jects, but also because the methodology and presentation of results
are different.'"® More comparable is the 2023 Asia Pacific Heart
Rhythm Society (APHRS) White Book.?” In terms of ablation proce-
dures, numbers for the Asian Pacific region (Japan 871 and Taiwan
270 per million people) were lower compared with Europe
(Germany 1570 and Belgium 1377 per million people). It was similar
for ICD implantations: Singapore (65 per million people) and Brunei
(64 per million people) compared with Czechia (426 per million peo-
ple) and Cyprus (300 per million people). Reasons for these differences
are unclear but may reflect differences in clinical guidelines and popula-
tion health among others.
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Table 2 Barriers reported in the implementation of ESC guidelines

Strongly agree Agree Neutral Disagree Strongly disagree
There is a lack of EP/CIED hospitals in the country 1 11 7 19 12
There is a lack of guidelines awareness in the country 1 8 6 22 12
There is a lack of EP/CIED patients referral in the country 3 10 8 18 10
There is a lack of EP/CIED reimbursement system in the country 6 14 9 13 8
There is lack of access to technology in the country 5 12 10 14 8
EP, electrophysiology; CIED, cardiac implantable electronic device.
There is a lack of EP operators There is a lack of CIED operators
in my country in my country
Strongly disagree 2% Strongly disagree 6%
Disagree 25%
Disagree 45%
Neutral 20%
Agree A41% Neutral 27%
Agree 20%
Strongly agree 12%
Strongly agree 2%

Figure 11 Perceived lack of electrophysiology or cardiac implantable electronic devices operators. Missing data: Republic of Moldova, UK.

Strengths and limitations

The data were collected through a survey distributed to the EP
National Cardiac Societies, Working Groups, and other relevant
EHRA partners. Some data sources, such as estimations and personal
communications, are more susceptible to subjective interpretation
and variability. Data completeness varied among countries. Generally,
countries without robust central insurance institutions or established
national registries were disadvantaged and sometimes struggled to de-
liver accurate and complete data sets. Furthermore, the ESC-EHRA
Atlas on Heart Rhythm Disorders does not provide information on
within-country inequalities. The Atlas Task Force provided definitions
for all variables, but the possibility that some of those definitions
were unclear or misinterpreted cannot be overlooked. This was the
first edition of the ESC-EHRA Atlas on Heart Rhythm Disorders, which
was developed and prepared using current methodology. Therefore,
comparisons to the 2017 EHRA White Book data are not justified.
The current project focused on procedural volumes and resource avail-
ability rather than procedural effectiveness/safety or patient outcomes;
therefore, the data presented should be interpreted accordingly.

Conclusions

The 2025 ESC-EHRA Atlas on Heart Rhythm Disorders is the inaugural
edition of a newly revitalized EHRA White Book project, methodologic-
ally aligned with the ESC Atlas Project.?® The ESC-EHRA Atlas provides

comprehensive data on healthcare delivery and access to medical tech-
nologies related to heart arrhythmias across 51 ESC member countries,
based on data from 2023 or the most recent available year. The number
of healthcare professionals, rates of EP and CIED procedures per million
people, and access to various medical technologies vary among the re-
spondent countries. Such discrepancies, in the light of the universally re-
cognized ESC clinical guidelines, highlight significant inequalities in patient
access to arrhythmia healthcare services throughout the ESC. One of
the primary objectives of the ESC-EHRA Atlas is to identify and describe
those inequalities, thereby assisting local EP National Cardiac Societies,
Working Groups, and other EHRA partners in their endeavours to en-
hance arrhythmia care in their respective countries.

Supplementary material

Supplementary material is available at Europace online.

Acknowledgements

The list of the ESC-EHRA Atlas on Heart Rhythm Disorders
Contributors:

Algeria: Mohamed Seddik Ait Messaoudene, Wafa Boudjelida.
Armenia: Arman B Danoyan. Austria: Christoph Schukro, Georgios
Kollias. Azerbaijan: Aytan Hajili, Yasmin Rustamova. Belgium: Michael
Wolf, Caroline Lepiéce, Johan Vijgen. Bosnia and Herzegovina: Boris
Goronja. Bulgaria: Krasimir Dzhinsov, Tchavdar Shalganov, Krasimir

920z Aieniga 'z uo 1senb Aq §790128/vZ L1ens/ /. z/elonie/eoedoina/wod dnotolwapese//:sdny wodl papeojumoq


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euaf124#supplementary-data

Arrhythmia care in ESC member countries

15

Karamitev. Croatia: Sime Manola, Ivan Zeljkovi¢, Ivica Benko. Cyprus:
Panayiotis Avraamides. Czechia: Petr Peichl, Dan Wichterle.
Denmark: Jacob Moesgaard Larsen, Rene Husted Worck, Jens Brock
Johansen. Egypt: Haitham Badran. Estonia: Priit Kampus, Mart Elmet.
Finland: Aapo Lauri Aleksi Aro, Jarkko Karvonen. France: Pascal
Defaye, Frédéric Sacher, Estelle Gandjbakhch. Georgia: Khatuna
Jalabadze, Giorgi Mepharidze. Germany: Christian Veltmann, Andreas
Rillig. Greece: George Andrikopoulos, Konstantinos P Letsas, loannis
Doundoulakis. Hungary: Mate Vamos, Peter Kupo, Csaba Laszlo
Foldesi. lceland: David O. Arnar, Sigfus Gizurarson, Kristjan
Gudmundsson. Ireland: David Keane. Israel: Ibrahim Marai, Moshe
Katz, Arie Lorin Schwartz. Italy: Antonio D’Onofrio, Sakis
Themistoclakis, Martina Nesti. Kazakhstan: Ayan Abdrakhmanov,
Omirbek Nuralinov, Zhanasyl Suleymen. Republic of Kosovo: Edmond
Haliti, Arber Osa, Arlind Ferati. Kyrgyzstan: Erkin Mirrakhimov, Saamay
S. Abilova, Kurban Kalysov. Latvia: Oskars Kalejs, Kristine Jubele,
Kaspars Kupics. Lebanon: Bernard Harbieh, Bernard Abi-Saleh.
Lithuania: Gediminas Rackauskas, Tautvydas Rugelis, Jonas Jarasunas.
Luxembourg: Carlo Dimmer. Malta: Mark Anthony Sammut, Melanie
Zammit Burg, John Bonello. Republic of Moldova: Mikhail Popovici,
Mihail Rizov, Radu Darciuc. Montenegro: Mihailo Vukmirovi¢, Blagoje
Babi¢. Netherlands: Sing-Chien Yap, Vincent Van Dijk. North
Macedonia: Lidija Poposka, Jane Taleski. Norway: Brage Hoyem
Amundsen. Poland: Adam Sokal. Portugal: Diogo Cavaco, Francisco
Moscoso Costa, Sergia Rocha. Romania: Stefan Bogdan, Cristian
Statescu. Republic of San Marino: Marco Zavatta, Roberto Bini,
Gianfranco Bernardini. Serbia: Srdjan Raspopovi¢, Bratislav Kircanski,
Dejan Kojic. Slovakia: Lubos Urban, Silvia Misikova, Gabriela Kaliska.
Slovenia: Andrej Pernat, Rafael Skale. Spain: Tomas Datino, David
Calvo Cuervo, Concepcién Alonso. Sweden: Anneli Svensson, Anna
Bjorkenheim, Michael Ringborn. Switzerland: Tobias Reichlin, Valon
Spahiu. Tunisia: Emna Allouche, Sofien Kamoun, Aymen El Hraiech.
Tirkiye: Taylan Akgun. Ukraine: Olena Marchenko, Oleg Sychov,
Serhiy Lyzohub. UK: Eleri Gregory, Anish N Bhuva. Uzbekistan:
Zakirov Nodir Uzuevich, Bakhtiyor Djumaevich Amirkulov, Khurshid
Gayratovich Fozilov.

Authors would like to acknowledge Blanca Gabriela Elizondo Elizondo
and Ganna Momotyuk of the European Heart Agency for their help in de-
veloping the ESC-EHRA Atlas on Heart Rhythm Disorders.

Funding

The ESC-EHRA Atlas on Heart Rhythm Disorders project is fully funded by
the European Society of Cardiology.

Conflict of interest: none declared.

Data availability

All the data presented in this report are available upon reasonable request
to the corresponding author (M.M.F.). Access will be granted following re-
view with ESC-EHRA Atlas on Heart Rhythm Disorders investigators and
agreement with the authors of this manuscript.

References

1. Brugada J, Katritsis DG, Arbelo E, Arribas F, Bax JJ, Blomstrém-Lundgyist C et al. 2019
ESC guidelines for the management of patients with supraventricular tachycardia. The
task force for the management of patients with supraventricular tachycardia of the
European Society of Cardiology (ESC). Eur Heart | 2020;41:655-720.
Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A, Barbash IM et al. 2021
ESC guidelines on cardiac pacing and cardiac resynchronization therapy. Eur Heart |
2021;42:3427-520.
. Linz D, Andrade JG, Arbelo E, Boriani G, Breithardt G, Camm A et al. Longer and better
lives for patients with atrial fibrillation: the 9th AFNET/EHRA consensus conference.
Europace 2024;26:cuae070.
Tzeis S, Gerstenfeld EP, Kalman J, Saad EB, Sepehri Shamloo A, Andrade ]G et al. 2024
European Heart Rhythm Association/Heart Rhythm Society/Asia Pacific Heart Rhythm
Society/Latin American Heart Rhythm Society expert consensus statement on catheter
and surgical ablation of atrial fibrillation. Europace 2024;26:euae043.

N

w

B

(%2}

o

~N

[oc]

Ned

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns H et al. 2024

ESC guidelines for the management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart | 2024;45:
3314-414.

. Rienstra M, Tzeis S, Bunting KV, Caso V, Crijns H/GM, De Potter TJR et al. Spotlight on

the 2024 ESC/EACTS management of atrial fibrillation guidelines: 10 novel key aspects.
Europace 2024;26:cuae298.

. Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA et al. 2022 ESC

guidelines for the management of patients with ventricular arrhythmias and the preven-
tion of sudden cardiac death. Eur Heart | 2022;43:3997-4126.

. Kénemann H, Dagres N, Merino JL, Sticherling C, Zeppenfeld K, Tfelt-Hansen | et al.

Spotlight on the 2022 ESC guideline management of ventricular arrhythmias and pre-
vention of sudden cardiac death: 10 novel key aspects. Europace 2023;25:euad091.

. Cheng S, He J, Han Y, Han S, Li P, Liao H et al. Global burden of atrial fibrillation/atrial

flutter and its attributable risk factors from 1990 to 2021. Europace 2024;26:euae195.
Marijon E, Narayanan K, Smith K, Barra S, Basso C, Blom MT et al. The Lancet
Commission to reduce the global burden of sudden cardiac death: a call for multidiscip-
linary action. Lancet 2023;402:883-936.

Luengo-Fernandez R, Little M, Gray A, Torbica A, Maggioni AP, Huculeci R et al.
Cardiovascular disease burden due to productivity losses in European Society of
Cardiology countries. Eur Heart | Qual Care Clin Outcomes 2024;10:36—44.

Boriani G, Burri H, Mantovani LG, Maniadakis N, Leyva F, Kautzner | et al. Device ther-
apy and hospital reimbursement practices across European countries: a heterogeneous
scenario. Europace 2011;13 Suppl 2:i59-65.

Boriani G, Burri H, Svennberg E, Imberti JF, Merino JL, Leclercq C. Current status of re-
imbursement practices for remote monitoring of cardiac implantable electrical devices
across Europe. Europace 2022;24:1875-80.

Raatikainen MJ, Arnar DO, Zeppenfeld K, Merino JL, Kuck KH, Hindricks G. Current
trends in the use of cardiac implantable electronic devices and interventional electro-
physiological procedures in the European Society of Cardiology member countries:
2015 report from the European heart rhythm association. Europace 2015;17 Suppl
4:iv1-72.

Guerra JM, Moreno Weidmann Z, Perrotta L, Sultan A, Anic A, Metzner A et al. Current
management of atrial fibrillation in routine practice according to the last ESC guidelines:
an EHRA physician survey- how are we dealing with controversial approaches? Europace
2024;26:euae012.

Boriani G, Imberti JF, Leyva F, Casado-Arroyo R, Chun J, Braunschweig F et al. Length of
hospital stay for elective electrophysiological procedures: a survey from the European
Heart Rhythm Association. Europace 2023;25:euad297.

. Januszkiewicz &, Barra S, Providencia R, Chun JKR, Conte G, Farkowski MM et al.

Regional disparity on patient characteristics and perceptions after implantable
cardioverter-defibrillator implantation: results from an EHRA patient survey.
Europace 2023;25:euad110.

Keene D, Anselme F, Burri H, Pérez OC, Curila K, Derndorfer M et al. Conduction sys-
tem pacing, a European survey: insights from clinical practice. Europace 2023;25:
euad019.

lliodromitis K, Lenarczyk R, Scherr D, Conte G, Farkowski MM, Marin F et al. Patient
selection, peri-procedural management, and ablation techniques for catheter ablation
of atrial fibrillation: an EHRA survey. Europace 2023;25:667-75.

Kircanski B, Boveda S, Prinzen F, Sorgente A, Anic A, Conte G et al. Conduction system
pacing in everyday clinical practice: EHRA physician survey. Europace 2023;25:682—-7.
Schwab AC, Anic A, Farkowski MM, Guerra J, lliodromitis KE, Jubele K et al. Rhythm
monitoring, success definition, recurrence, and anticoagulation after atrial fibrillation ab-
lation: results from an EHRA survey. Europace 2023;25:676-81.

Osoro L, Zylla MM, Braunschweig F, Leyva F, Figueras J, Piirerfellner H et al. Challenging
the status quo: a scoping review of value-based care models in cardiology and electro-
physiology. Europace 2024;26:euae210.

Timmis A, Aboyans V, Vardas P, Townsend N, Torbica A, Kavousi M et al. European
Society of Cardiology: the 2023 atlas of cardiovascular disease statistics. Eur Heart |
2024,45:4019-62.

EHRA Certified Healthcare Professionals (21 December 2024, date last accessed).
Available from: https:/www.escardio.org/Education/Career-Development/Certification/
certified-healthcare-professionals-in-heart-rhythm.

Varma N, Braunschweig F, Burri H, Hindricks G, Linz D, Michowitz Y et al. Remote mon-
itoring of cardiac implantable electronic devices and disease management. Europace
2023;25:euad233.

Ferrick AM, Raj SR, Deneke T, Kojodjojo P, Lopez-Cabanillas N, Abe H et al. 2023 HRS/
EHRA/APHRS/LAHRS expert consensus statement on practical management of the re-
mote device clinic. Europace 2023;25:euad123.

2023 Asia Pacific Heart Rhythm Society (APHRS) White Book (21 December 2024, date
last accessed). Available from: https:/www.aphrs.org/publications/the-aphrs-white-book

920z Aieniga 'z uo 1senb Aq §790128/vZ L1ens/ /. z/elonie/eoedoina/wod dnotolwapese//:sdny wodl papeojumoq


https://www.escardio.org/Education/Career-Development/Certification/certified-healthcare-professionals-in-heart-rhythm
https://www.escardio.org/Education/Career-Development/Certification/certified-healthcare-professionals-in-heart-rhythm
https://www.aphrs.org/publications/the-aphrs-white-book

	Arrhythmia care in ESC member countries: the 2025 ESC-EHRA atlas on heart rhythm disorders
	Introduction
	Methods
	Data sources
	Data collection
	Quality control
	Data presentation

	Results
	Infrastructure
	Human resources
	Electrophysiology and cardiac implantable electronic device certification
	Procedures and resources in electrophysiology
	Procedures and resources in cardiac implantable electronic device
	Organization of care and other procedures
	Reimbursement and obstacles to clinical practice or guideline implementation

	Discussion
	Strengths and limitations

	Conclusions
	Supplementary material
	Acknowledgements
	Funding
	Data availability
	References


