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Abstract

Background
and Aims

Methods

Conclusions

This study aims to provide the most comprehensive assessment to date of interventional cardiology practices across
European Society of Cardiology (ESC) national society member countries, with a focus on infrastructure, procedural vo-
lumes, temporal trends (2013-22), regional disparities, and adherence to guideline-recommended care.

The third edition of the ESC—European Association of Percutaneous Cardiovascular Interventions Atlas presents data from
50 ESC national society member countries, collected through a dedicated 2023 survey of national cardiac societies and inter-
ventional working groups. Data were subjected to a rigorous multi-step quality control process to ensure consistency and
accuracy. Key metrics include interventional resources, such as the number of hospitals with catheterization laboratories,
trained personnel, and the proportion of women in the interventional workforce; procedural volumes and types, including
percutaneous coronary intervention (PCI), primary PCI, transcatheter aortic valve implantation, transcatheter mitral valve
procedures, transcatheter tricuspid valve procedures; and procedural characteristics, including arterial access site, use of
intracoronary imaging, physiological lesion assessment, and sex-specific data on patient care delivery.

Despite the ongoing expansion of structural heart transcatheter interventions, PCl remains the dominant procedure, ac-
counting for >90% of all percutaneous cardiovascular interventions. Percutaneous coronary intervention volumes showed
limited variation across ESC member countries and demonstrated no significant association with gross national income per
capita. In contrast, important regional disparities were observed in the use of transcatheter aortic valve implantation, trans-
catheter mitral valve procedures, and transcatheter tricuspid valve procedures with procedure rates strongly correlated
with gross national income (r=.86; r=.63; and r =.64). Workforce data revealed that while women constitute 39% of
all cardiologists, they represent only 10% of interventional cardiologists across ESC member countries. Although interven-
tional cardiology has helped reduce female disparity in access compared with cardiac surgery, inequalities persist, e.g. <30%
of PCl recipients are women, despite women representing >40% of patients with ischaemic heart disease. Temporal trend
analysis showed a narrowing gap in PCl and primary PCl volumes between regions, reflecting improved access across all
economic strata. However, growth in structural valve interventions remained disproportionately concentrated in wealthier
countries.

The third edition of the ESC—European Association of Percutaneous Cardiovascular Interventions Atlas highlights significant
progress in percutaneous cardiovascular interventions across Europe but also underscores persistent disparities. These find-
ings reinforce the need for balanced investment strategies, harmonized training, greater sex equity, and enhanced data infra-
structures to support more equitable and evidence-based cardiovascular care.
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A. Relative proportions of percutaneous cardiovascular interventions among ESC

B. Temporal trends in primary PCl procedures, grouped by UN geoscheme, reflect progress in coronary care. Lower-income regions have progressively closed the gap with more
affluent ones, likely to reflect the successful implementation of ESC guidelines and initiatives such as “Stent for Life”

C. Temporal trends in TAVI procedures, grouped by UN geoscheme, shows that while all regions progressed, the disparity between higher- and lower-income regions widened over
time, reinforcing the urgency of initiatives such as Valve for Life

ASD, atrial septal defect; Congenital, transcatheter interventions for congenital heart disease in either children or adults; PCI, percutaneous coronary

intervention; PFO, patent foramen ovale; TAVI, transcatheter aortic valve implantation; UN, United Nation Van Belle E, et al. European Heart Journal.

(A) Relative proportions of percutaneous cardiovascular interventions among European Society of Cardiology countries reflect the overwhelming

dominance of percutaneous coronary intervention (PCl): PCI (including primary PCI) represents 90.7% of all interventions; all valve interven-

tions combined (transcatheter aortic valve implantation, aortic balloon valvuloplasty, mitral, tricuspid, and paravalvular leak closure) represent

5.8%; all other procedures (e.g. congenital interventions, patent foramen ovale/atrial septal defect closure, stroke, pulmonary embolism, and

pulmonary hypertension) represent 3.5%.

Temporal trends in primary PCl procedures, grouped by the United Nations geoscheme, reflect progress in coronary care. Lower-income

regions have progressively closed the gap with more affluent ones, likely to reflect the successful implementation of European Society of

Cardiology guidelines and initiatives such as ‘Stent for Life’.

(C) Temporal trends in transcatheter aortic valve implantation procedures, grouped by the United Nations geoscheme, show that while all regions
progressed, the disparity between higher- and lower-income regions widened over time, reinforcing the urgency of initiatives such as ‘Valve for
Life’.

ASD, atrial septal defect; PCI, percutaneous coronary intervention; PFO, patent foramen ovale; TAVI, transcatheter aortic valve implantation; UN,

United Nations.
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Introduction

The ESC-EAPCI Atlas of Interventional Cardiology is a joint initiative
between the European Association of Percutaneous Cardiovascular
Interventions (EAPCI) and the European Society of Cardiology (ESC).
It serves as a comprehensive data source on interventional cardiology
practice, infrastructure, and healthcare delivery across ESC member
countries.”* This third edition expands on prior efforts by including
50 countries and introducing the first decade-long trend analysis of
key procedures.

Five cornerstone percutaneous cardiovascular interventions known
to improve cardiovascular outcomes and quality of life are evaluated:
percutaneous coronary intervention (PCl), primary PCI (pPCl), trans-
catheter aortic valve implantation (TAVI), transcatheter mitral valve
procedures (TMVP), and transcatheter tricuspid valve procedures
(TTVP).>™ These are examined in the context of country-level socio-
economic and health indicators.*™®

The Atlas also reports on hospital capability, interventional work-
force composition, the use of diagnostic and adjunctive tools (e.g. intra-
coronary pressure, intracoronary imaging, and calcific plaque
modification techniques), and the presence of formal training pro-
grammes. It aims to support policy development, guideline implemen-
tation, and equitable access to care across Europe.9

Methods

Data sources and collection
This third ESC-EAPCI Atlas edition is based on the 2023 ESC-EAPCI
Interventional Atlas Survey. Fifty participating countries provided data
through national cardiac societies or working groups. Survey was capturing
both infrastructure and procedural volumes.

Data underwent quality control through comparison with independent
sources to identify discrepancies. Outliers were reviewed and resolved in
collaboration with national representatives. Final datasets were validated
by independent experts before approval (see Supplementary data online,
Methods, for more details on data quality process).

Historical data (since 2013) were sourced from previous ESC and ESC—
EAPCI Atlas editions."*"® Socio-economic data were obtained from the
World Bank (WB)."

Geographic region classification

European Society of Cardiology member countries were categorized into
five geographic regions per the United Nations geoscheme, adapted to
European Union borders®: Western Europe (WE; n=7; Austria, Belgium,
France, Germany, Luxembourg, the Netherlands, Switzerland), Northern
Europe (NE; n=10; Denmark, Estonia, Finland, Iceland, Ireland, Latvia,
Lithuania, Norway, Sweden, the UK), Southern Europe (SE; n=14;
Albania, Bosnia and Herzegovina, Cyprus, Croatia, Greece, Italy, Kosovo,
North Macedonia, Malta, Portugal, San Marino, Serbia, Slovenia, Spain),
Eastern Europe (EE; n=8; Bulgaria, the Czech Republic, Hungary,
Moldova, Poland, Romania, Slovakia, Ukraine), and other ESC countries
(OE; n=11; Algeria, Armenia, Azerbaijan, Egypt, Georgia, Israel,
Kazakhstan, Kyrgyzstan, Tunisia, Turkiye, Uzbekistan) (Figure 1A).

Statistical analysis

Descriptive statistics are reported as medians with interquartile ranges
(IQRs). Associations between variables were assessed using the
Spearman correlation coefficient with significance tested via permutation. '
No causation was implied when reporting statistically significant correla-
tions. Group and pair comparisons were performed using Kruskal-Wallis

(KW) and pairwise Wilcoxon rank-sum tests, respectively.”® Benjamini—
Hochberg correction was applied in multiple pairwise testing.'*
Country-level missing time series data were imputed with linear interpol-
ation. Next, aggregated time series data were visualized as medians per re-
gion alongside overall median, smoothed with locally weighted polynomial
regression.'> Temporal trends were assessed using ordinary least squares
regression.16

Detailed data definitions are presented in Supplementary data online,
Table S1. We recognize the contributing working groups and national re-
presentatives in Supplementary data online, Table S2.

Ethical considerations

As this study used aggregate, anonymized national data and did not involve
patient-level information, ethical approval was not required.

Results

Socio-economic and demographic

characteristics

In 2022, gross national income (GNI) per capita ranged from USD
5700 in OE to USD 59 000 in NE (Figure 1B). Current healthcare ex-
penditure (HCE) per capita varied similarly, from USD 900 in OE to
USD 7300 in WE (see Supplementary data online, Figure STA). Life ex-
pectancy ranged from 73.5 years in OE to 81.7 years in NE (see
Supplementary data online, Figure S1B), while the age-standardized
cardiovascular death rate ranged from 227 per 100 000 in WE to
871 per 100 000 in OE (Figure 1C). The proportion of the population
aged >65 years ranged from <10% in OE to >19% in WE, NE, SE, and
EE (Figure 1D).

Resources for invasive coronary
angiography and percutaneous coronary
interventions
Workforce
The median number of interventional cardiologists (ICs) was 13.1 per
million inhabitants (IQR: 9.2-19.4), with limited national or regional
variation and no association with GNI per capita (r=.24; P=.10)
(Figures 2A and 3A; Table 1).

Trend analysis (2013-22) showed a modest increase in ICs (8 = +.28;
P =.003), with notable growth in SE (8 = +1.28; P < .001), EE (8 = +.23;
P =.009) and OE (f =+.57, P=.001), but a decline in NE (=—.16;
P =.006) and WE (ff = —.34; P =.014) (Figure 4A).

Formal IC training programmes were available in 60% of countries,
ranging from 42% in SE to 86% in EE (see Supplementary data online,
Figure S2A).

Infrastructure

The median number of hospitals with cardiac catheterization labora-
tory was 3.0 per million (IQR: 2.3—4.2), with minimal variation across
regions and no association with GNI per capita (r=.10; P=.53)
(Figures 2B and 3C; Table 7). Regional values ranged from 2.2 per million
in EE to 4.1 in WE (Figure 3C; P =.16).

Trend analysis showed a small increase in number of hospitals with
catheterization laboratories over the past decade (f = +.05; P =.001),
primarily driven by EE (8 =+.08; P=.001) and SE (# =+.08; P=.001)
(Figure 4B). Availability of 24/7 catheterization laboratory services re-
mained stable throughout the study period.
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A UN subregions*

Eastern Europe
Southern Europe
Northern Europe
Western Europe
Other ESC countries

* Modified as follows, Cyprus is labeled as “Southern Europe”, other survey participants from UN subregion Western Asia are combined together with several countries from
Northern Africa under one label “Other ESC countries”.

B GNI per capita, Atlas method (current USS, thousand)
Kruskal-Wallis p-value (all groups): <0.001

B All ESC countries @ Southern Europe
O Western Europe B Eastern Europe
100 — O Northern Europe @ Other ESC countries
80 — | |
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Pairwise comparisons: p<0.001 for OE vs NE, OE vs WE, EE vs WE, EE vs NE, SE vs WE; p<0.01 for OE vs SE, SE vs NE

Figure 1 Socio-demographic characteristics of the 50 European Society of Cardiology countries, grouped by United Nations geoscheme.
(A) Geographical distribution (colour-coded map); Western Europe (n=7, Austria, Belgium, France, Germany, Luxembourg, the Netherlands,
Switzerland), Northern Europe (n =10, Denmark, Estonia, Finland, Iceland, Ireland, Latvia, Lithuania, Norway, Sweden, the UK), Southern Europe
(n=14 Albania, Bosnia and Herzegovina, Cyprus, Croatia, Greece, Italy, Kosovo, North Macedonia, Malta, Portugal, San Marino, Serbia, Slovenia,
Spain), Eastern Europe (n =8, Bulgaria, the Czech Republic, Hungary, Moldova, Poland, Romania, Slovakia, Ukraine), other ESC countries (n=11,
Algeria, Armenia, Azerbaijan, Egypt, Georgia, Israel, Kazakhstan, Kyrgyzstan, Tunisia, Turkiye, Uzbekistan). (B) Gross national income per capita.
(C) Age-standardized cardiovascular death rate. (D) Proportion of population aged >65 years

Invasive coronary angiography Percutaneous coronary intervention and

A median of 3696 invasive coronary angiography (ICA) procedures per indications
million population were performed in 2022 (IQR: 2882-5585), with

rates ranging from 2643 in OE to 5988 in WE (P=.13) (see Overall percutaneous coronary intervention volumes

Supplementary data online, Figure S3A). The median PCl rate was 2220 per million people (IQR: 1416-2528),

From 2013 to 2022, ICA volumes insignificantly decreased overall ranging from 1237 in OE to 2406 in WE (KW; P=.50).
(B coefficient slope =—10.3; P=.401), while regions demonstrated Percutaneous coronary intervention accounted on average for
bidirectional dynamics with the most marked reductions in EE (= 92% (IQR: 88.1%—96.1%) of all percutaneous cardiovascular proce-

—126.91; P <.001) and NE (8 = —141.84; P < .001), which were offset dures ranging from 88% in WE to 96% in OE (KW, P=.047,
by increases in SE (8 = +47.76; P =.09) and OE (B = +72.59; P =.006). Figure 5A and B).
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C CVD age-standardized rate per 100,000; 2020 (median year)
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Figure 1 Continued

Trend analysis demonstrated a significant increase in PCl volumes across
ESC countries (#=+3874; P<.001), particularly in OE (f=+556;
P <.001), EE (6 =+29.4; P=.001), and SE (6 =+51.25; P=.012).

Primary percutaneous coronary intervention

A median of 509 per million (IQR: 445-628) primary PCl procedures
were performed across ESC member countries, comprising 22.4% of
all PCl procedures. Primary PCl procedure rates showed small and
non-significant differences between countries and regions (P =.29)
(Figure 3D) and were unassociated with GNI per capita (r=.21;

P =.15) (Figure 2C; Table 1). Primary PCl volumes increased significantly
in OE (f=+22.46; P=.004) and SE (f =+26.17; P <.001) while re-
maining stable, or slightly declining, in other regions (Figure 4C). A tem-
porary dip, in 2020, was observed in EE and NE, while the decline
continued steadily in WE (Figure 4C).

Other percutaneous coronary intervention
indications

Among other indications for PCI, chronic total coronary occlusion ran-
ged from 3% to 4% (see Supplementary data online, Figure S3B),
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unprotected left main (ULM) ranged from 3% to 6% (see
Supplementary data online, Figure S3C), and in-stent restenosis ranged
from 3% to 6% across all five regions (see Supplementary data online,
Figure S3D). Since 2017, rates of PCl for ULM have been increasing in
most countries, while rates of PCI for in-stent restenosis have been
decreasing.

Percutaneous coronary intervention techniques and
adjunctive tools

Access site and device use

Percutaneous coronary intervention was performed through radial ac-
cess in 87% (IQR: 84%-93%) of procedures, exceeding 85% in all the
regions without significant differences (Figure 6A). Rates have increased
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Figure 2 Continued

by 10% since 2017 in OE, EE, and SE (P-values for the increasing trend
are <.001, .002, and .035, respectively). Drug-eluting stents (DESs)
were used in 89%-94% of cases (see Supplementary data online,
Figure S4A), with the lowest rates in NE countries (89%). Bare metal
stents were infrequently used, and bioresorbable scaffolds (BRSs)
were effectively abandoned. The number of stents deployed per pro-
cedure ranged from 1.4 to 1.6 across all regions (see Supplementary
data online, Figure $4B). Drug-coated balloons (DCBs) were utilized
in 0.5%—6% of cases (see Supplementary data online, Figure $4C),
with the highest rates in NE countries, peaking at 16% in Finland.

Plain old balloons (POBAs) were used in 1%-3% of cases. Since
2017, the use of DCBs has increased in most countries and regions,
while the use of BRS has decreased.

Plague modification, functional and intracoronary imaging
assessment, and mechanical circulatory support

Rotational/orbital atherectomy (ROA) (see Supplementary data online,
Figure S4D) and/or intravascular lithotripsy (IVL) (see Supplementary
data online, Figure S4E) were performed in less than 1% of PCI
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Figure 2 Continued

procedures each (see Supplementary data online, Figure S4F), with rates
increasing in recent years. The use of both plaque-modifying proce-
dures was evenly distributed across regions, except in OE, where IVL
was scarcely utilized, although the differences between the regions
were statistically insignificant (see Supplementary data online,
Figure S4F).

Invasive coronary pressure measurement [fraction flow reserve
(FFR), instantaneous wave-free ratio (iFR), etc.] was performed in 9%
of PCl procedures, varying from 0% in OE to 24% in WE (KW, P
=.001; P < .05 in SE vs WE and OE vs all countries; Figure 6B). Usage

has been increasing since 2017 in all countries except France and
Lithuania, showing considerable heterogeneity both within and be-
tween regions. For instance, among NE countries, its use ranged
from 4% in Latvia to 43% in Denmark.

Intracoronary imaging [intravascular ultrasound (IVUS), optical co-
herence tomography (OCT)] was utilized in 4% of PCl procedures,
varying from 0% in OE to 3% in EE and SE and 7%-10% in NE and
WE (KW; P=.002; P< .05 OE vs WE, OE vs NE; Figure 6C). There
were notable intraregional differences behind these average values. In
NE, e.g. the application of intracoronary imaging ranged from 3%
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Figure 3 Interventional cardiology resources and care delivery across European Society of Cardiology countries, grouped by the United Nations
geoscheme. (A) Interventional cardiologists per million inhabitants. (B) Female interventional cardiologists as percentage of interventional cardiologists.
(C) Hospitals with catheterization laboratories per million inhabitants. (D) Primary percutaneous coronary intervention procedures per million inha-
bitants. (E) Transcatheter aortic valve implantation procedures per million inhabitants. (F) Transcatheter mitral interventions per million inhabitants.

(G) Transcatheter tricuspid interventions per million inhabitants



2634

Van Belle et al.

Table 1 Correlation between the main interventional cardiology resources and care delivery with socio-demographic

parameters (2022)

Variable® Median® GNI per Current health Life Cardiovascular death  Population age
(interquartile capita, expenditure per expectancy at age-standardized rate >65 (% of total
range) Atlas capita, PPP birth (years) per 100 000 population)
method (current
(current international $)
Uss$)
Interventional 13.1 (9.2-19.4) Rho: .24; Rho: .26; Rho: .16; Rho: —.2; Moderate + rho:
cardiologists P: .10 P: .068 P. 275 P: 175 .39;
P:.007
Hospitals with 30 (2342 Rho: .1; Rho: .08; Rho: .07; Rho: —.04; Rho: .27;
cardiac P: 532 P:.599 P: .643 P:.79 P:.063
catheterization
laboratory
Invasive coronary 3696 (2882-5585) Rho: .25; Rho: .23; Rho: .12; Rho: —.26; Moderate + rho:
angiography P: .082 P:.116 P: .405 P: .076 .54;
P: <.001
Percutaneous 2220 (1416-2528) Weak + rho: Rho: .27; Rho: .13; Rho: —.23; Moderate + rho:
coronary 31; P: .068 P: 361 P:.109 41,
intervention P: 0357 P: .004
Primary 509 (445-628) Rho: —.2; Rho: —.13; Rho: —.25; Rho: .18; Rho: .09;
percutaneous P: .18 P:.392 P:.092 P: 228 P: .525
coronary
intervention
Transcatheter 91.2 (9.6-180.7) Strong + rho: Strong + rho: .76; Strong + rho: Strong — rho: —.75; Moderate + rho:
aortic valve .86; P: <.001 .75; P: <.001 51,
implantation P: <.001 P: <.001 P: <.001
Transcatheter 6.7 (0-18.2) Moderate + Moderate + rho: .56; Moderate + rho:  Moderate — rho: —.65; Moderate + rho:
mitral valve rho: .63; P: <.001 67, P: <.001 3
interventions P: <.001 P: <.001 P. .04°
Transcatheter 4.6 (0-15.1) Strong +rho:  Strong+rho: .75; Strong +rho: .8;  Moderate — rho: —.64; Moderate + rho:
native mitral .75; P: <.001 P: <.001 P: <.001 A43;
valve repairs P: <.001 P: .006
Transcatheter 49 (0-2.8) Moderate + Moderate + rho: .62; Moderate + rho:  Moderate — rho: —.62; Rho: .24
tricuspid valve rho: .64; P: <.001 .64; P: <.001 P .112°
interventions P: <.001 P: <.001

PCI, percutaneous coronary intervention; TAVI, transcatheter aortic valve implantation; GNI, gross national income; HCE, current health expenditure; CVD, cardiovascular death;

IQR; interquartile range; CVD; cardiovascular disease; PPP, purchasing power parity.
*Number per million people.

(Lithuania) to 23% (Sweden and the UK) of procedures and in WE from
3% in France to 21% in Luxembourg (see Supplementary data online,
Figure S4G). Its use has been increasing across all regions, though with
variability.

The use of mechanical circulatory support (MCS) during coronary in-
terventions was rare in OE (.1 per million), while in other regions, it ran-
ged from 9.2 to 15.3 per million, showing an increasing trend in recent
years (see Supplementary data online, Figure S4H).

Transcatheter valve procedures

A median of 104.7 (IQR: 10.3-195.5) transcatheter valve procedures
per million population, including TAVI, transcatheter mitral and tricus-
pid valve interventions, aortic balloon valvuloplasty, and paravalvular

leak (PVL) closures, were performed across ESC member countries
(see Supplementary data online, Figure 5A). These procedures ac-
counted for 5.8% of all percutaneous cardiovascular interventions over-
all, with a median value of 4.2% (IQR: 1.25%-8.30%) and range from 1%
in OE to 8% in WE (Figure 5A; Supplementary data online, Figure S5B).

Resources for transcatheter valve procedures

The median number of ICs performing valve procedures was 2.4 per
million (IQR: 1.3—4.1), with significant regional variation: from .7/million
in OE to 4.6/million in WE. Valve operators represented 5% of ICs in
OE; 14%—-18% in EE, SE, and NE; and up to 41% in WE, although the
interregional differences were not significant(see Supplementary data
online, Figure S5C).
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Figure 4 Temporal trends (2013-22) in interventional cardiology resources and procedures, grouped by the United Nations geoscheme. (A) Number
of interventional cardiologists per million inhabitants. All European Society of Cardiology countries: beta of the slope = 0.28; Cl [.13—.44]; P =.003.
Western Europe: beta of the slope = —.43; Cl [-.64 to —.22]; P=.002. Northern Europe: beta of the slope =—-0.08; CI [-0.22-0.05]; P=.18.
Southern Europe: beta of the slope =1.28; Cl [1.01-1.55]; P=<.001. Eastern Europe: beta of the slope =0.23; Cl [0.08-0.38]; P =.009. Other
European Society of Cardiology countries: beta of the slope = 0.57; ClI [0.3-0.84]; P =.001. (B) Number of hospitals with catheterization laboratories
per million inhabitants. All European Society of Cardiology countries: beta of the slope = 0.05; CI [0.03-0.06]; P =.001. Western Europe: beta of the
slope = —0.02; CI [-0.04-0.01]; P = .13. Northern Europe: beta of the slope = —0.01; CI [-0.03-0.01]; P = .284. Southern Europe: beta of the slope =
0.08; CI [0.05-0.11]; P =.001. Eastern Europe: beta of the slope = 0.08; CI [0.05-0.1]; P =.001. Other European Society of Cardiology countries: beta
of the slope = 0.09; CI [0-0.18]; P = .06. (C) Number of primary percutaneous coronary intervention procedures per million inhabitants. All European
Society of Cardiology countries: beta of the slope = 8.94; CI [5.9-11.98]; P = <.001. Western Europe: beta of the slope = —4.96; C| [-9.1-—0.82]; P
=.025. Northern Europe: beta of the slope = —1.43; CI [-1.08-3.93]; P =.225. Southern Europe: beta of the slope =26.17; Cl [17.32-35.02]; P=
<.001. Eastern Europe: beta of the slope =0.59; CI [-5.69-6.87]; P =.83. Other European Society of Cardiology countries: beta of the slope =
22.46; Cl [14.15-30.78]; P <.001. (D) Number of transcatheter aortic valve implantation procedures per million inhabitants. All European Society
of Cardiology countries: beta of the slope =7.33; Cl [5.94-8.73]; P= <.001. Western Europe: beta of the slope = 18.45; Cl [16.76-20.13]; P=
<.001. Northern Europe: beta of the slope =9.92; Cl [8.44-11.41]; P=<.001. Southern Europe: beta of the slope = 6.49; Cl [4.34-8.64]; P=
<.001. Eastern Europe: beta of the slope = 6.77; Cl [6.17-7.38]; P= <.001. Other European Society of Cardiology countries: beta of the slope =

0.40; CI [0.28-0.52]; P = <.001

The number of hospitals performing TAVI procedures was .98 per
million (IQR: .58-1.5), ranging from .6 in OE to 1.6 in SE
(see Supplementary data online, Figure S5D). In all regions, this was
equivalent to or slightly lower than the number of hospitals combining
both interventional cardiology and cardiac surgery facilities on-site,
which was 1.25 per million (IQR: .85-1.73), ranging from .9 in NE to
1.7 in SE (see Supplementary data online, Figure S5E). The number of
TAVI centres remained stable, except in OE and SE, where increases
were linked to a rise in hospitals with cardiac surgery (e.g. Spain,
Portugal, and Egypt) and expansion of TAVI access in non-surgical cen-
tres (e.g. Italy, Spain, Egypt, and Armenia).

Transcatheter aortic valve implantation

A median of 91.2 TAVI procedures per million population (IQR: 9.6—
180.7) were performed across ESC countries. Rates ranged widely
from 4 in OE to 222 per million in WE (KW; P <.01; P < .01 for WE

vs any other region and P<.05 for OE vs any other region)
(Figure 3E). Similarly, the number of TAVI performed by hospital varied
substantially from 13.0 in OE to 179.3 in WE (KW; P <.001; P < .05 OE
vs EE, SE vs NE, SE vs WE, OE vs NE, OE vs WE) (see Supplementary
data online, Figure S5F). These procedures accounted for <5% of all
percutaneous therapeutic interventions (Figure 5).

National TAVI volume strongly correlated with the proportion
of population aged >65 years (r=.51; P <.001) and GNI per capita
(r=.86; P<.001) (Figure 2D; Table 1).

Transcatheter aortic valve implantation volumes increased steadily
from 2013 to 2022 across all regions, although at different rates (OE,
p=+4 WE, f=+1845) (Figure 4D). No temporary drop was ob-
served in 2020.

Transfemoral access was used in >90% of cases across all regions
(see Supplementary data online, Figure S6A). Cerebral embolic protec-
tion devices were rarely used, except for Switzerland, where they were
employed in 20% of TAVI cases.
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Figure 5 Distribution of percutaneous cardiovascular interventions across European Society of Cardiology countries. (A) Relative proportions among
European Society of Cardiology countries: percutaneous coronary intervention (including primary percutaneous coronary intervention) 90.7%; all valve
interventions combined (transcatheter aortic valve implantation, aortic balloon valvuloplasty, mitral, tricuspid, and paravalvular leak closure) 5.8%; and all
other procedures (e.g. congenital interventions, patent foramen ovale/atrial septal defect closure, stroke, pulmonary embolism, and pulmonary hyperten-
sion) 3.5%. (B) Proportion of percutaneous coronary intervention among European Society of Cardiology regions, ranging from 88.2 in Western Europe to
95.9 in other European Society of Cardiology countries. Kruskal-Wallis P-value (all groups): .047. (C) Proportion of transcatheter aortic valve implantation
relative to primary percutaneous coronary intervention among European Society of Cardiology countries: transcatheter aortic valve implantation repre-
sents 22.4% of the total volume of transcatheter aortic valve implantation + primary percutaneous coronary intervention combined
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Figure 6 Technical aspects of percutaneous coronary intervention procedures across European Society of Cardiology countries, by the United
Nations geoscheme. (A) Use of radial access as percentage of percutaneous coronary interventions. (B) Use of coronary physiological assessment
(e.g. FFR and iFR) as percentage of percutaneous coronary interventions. (C) Use of intracoronary imaging (IVUS or OCT) as percentage of percutan-

eous coronary interventions

Valve-in-valve TAVI for surgical bioprosthetic valve failure accounted
for <2% of procedures overall, but exceeded 4% in Finland,
Italy, Slovenia, Czechia, and Albania. Transcatheter aortic valve
implantation-in-TAVI procedures and TAVI for pure aortic regurgita-
tion were rarely reported.

Transcatheter aortic balloon valvuloplasty

Standalone aortic balloon valvuloplasty was performed at a median
rate of 1.95 per million (IQR: .3-4.9), with little change observed
since 2019.

Transcatheter mitral valve procedures

A median of 6.7 mitral interventions per million (IQR: 0-18.2) were
performed, ranging from <4 in OE and EE to >30 in WE (Figure 3F).
These accounted for <1% of all percutaneous cardiovascular
therapeutic procedures (Figure 5). National procedure rates correla-
ted with the proportion of the population aged >65 years(r=.3;
P=.04) and with GNI per capita (r=.63; P<.001) (Figure 2E;
Table 1). Rates have increased since 2017 (f =+1.27; P=.001) in all re-
gions except OE.

Mitral transcatheter edge-to-edge repair

Mitral transcatheter edge-to-edge repair (M-TEER) was the
dominant mitral intervention, performed at a median rate of 4.63
per million (IQR: 0-15.1), ranging from none in OE to 28.4 per million
in WE (see Supplementary data online, Figure S6B). The number of
procedures correlated with the proportion of subjects >65 years
old (r=.43; P=.006) and GNI per capita (r=.75; P<.001)
(Table 7). Volumes increased significantly in all regions except OE
since 2017.

Transcatheter mitral valve implantation

Transcatheter mitral valve implantation (TMVI) in native valves, or for
valve in valve or valve in ring (median = O/million people; IQR = 0-.8),
was barely performed except in WE in which it is 2.5/million people.
Similarly, it represented 0%—1% of all mitral interventions in OE and
SE and 7%—10% in the three other regions.

Transcatheter mitral valvuloplasty for mitral stenosis
While the technique is virtually not used in EE and NE (0—.2/million), it is
used in .9-1.6/million in SE, OE, and WE (see Supplementary data
online, Figure S6C). The number of procedures has been stable since
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Table 2 Proportion of women benefiting from interventional cardiology interventions and cardiac surgery procedures
according to the burden of disease

Burden of disease

Transcatheter interventions Surgical interventions

Type of intervention Number of Female Type of Female Type of Female
countries (%) (median %) disease (%) surgery (%)
Percutaneous coronary intervention  N=20(42%)° 29%  Ischaemicheart ~ 41%°  Coronaryartery bypass 7%
disease graft 16%"°
Primary percutaneous N=18(38%)* 26% Ischaemic heart 41%°
coronary intervention disease
TAVI N =27 (55%)* 48% Aortic valve 45%° Surgical aortic valve 30%%°
disease replacement 30%*"
Mitral intervention N=9(26%)* 35% Mitral valve disease 31%°* Surgical mitral valve 41%"®
intervention 36%"°
Tricuspid intervention N = 8(30%) 54% Tricuspid valve 50%" Surgical tricuspid valve 61%*

disease intervention

PCI, percutaneous coronary intervention; TAVI, transcatheter aortic valve implantation; CABG, coronary artery bypass graft; SAVR, surgical aortic valve replacement; SMVI, surgical mitral
valve intervention; STV, surgical tricuspid valve intervention.

?Denominator is the number of countries in which the activity is reported to be present.

PEstimates obtained from Institute for Health Metrics and Evaluation (IHME) restricted to the countries in which sex-specific transcatheter intervention delivery data were available.

“Non-rheumatic degenerative mitral valve disease. No reliable data on the global prevalence of functional mitral regurgitation is currently available.

2017. In OFE, this accounted for 96% of all mitral interventions, com-
pared with <10% in other regions (see Supplementary data online,
Figure S6D).

Tricuspid valve interventions

Tricuspid transcatheter edge-to-edge repair (T-TEER) accounted for
>89% of transcatheter tricuspid interventions. These were per-
formed at a median rate of .5 per million (IQR: 0-2.8), representing
~1% of all percutaneous cardiovascular procedures (Figure 3G;
Figure 5). They correlated with GNI per capita (r=.64; P <.001)
(Figure 2F; Table 1). Transcatheter tricuspid procedures were primar-
ily conducted in NE (1.2/million) and WE (3.8/million) and were per-
formed seven times more frequently in Germany than in other WE
countries (Figure 3G). Tricuspid valve implantation (TTVI) was rarely
performed.

Paravalvular leak closure procedures
Paravalvular leak closure volumes were extremely low across all regions
(median, .7/million; IQR, 0-1.5), ranging from O/million in OE to 1.6 in
WE (see Supplementary data online, Figure S6E). This activity has not
increased since 2017.

Data on other interventional procedures are presented as supple-
mental results and in Supplementary data online, Figure S7.

Sex disparities in interventional care
Workforce representation

Women accounted for 39% of cardiologists across ESC member coun-
tries (see Supplementary data online, Figure S2B). However, they repre-

sented only 10% of ICs, with substantial regional variation; dropping to
5% in WE and OE (KWV; P =.034; Figure 3B).

Access to interventional care

Sex-specific data on recipients of interventional care were not consist-
ently collected prospectively across ESC member countries. Among
countries performing the respective procedures, reporting rates
were 55% for TAVI, 42% for PCl, 38% for primary PCl, and only
26% and 30% for mitral and tricuspid interventions, respectively
(Table 2). Due to these limitations, regional analyses of sex-based reci-
pients of interventional care were not performed.

In countries where data were available, transcatheter procedures,
both coronary and valvular, were associated with lower sex-based dis-
parities in access to care compared with surgical interventions (Table 2).
However, women remained underrepresented among patients under-
going coronary interventions, particularly relative to their disease bur-
den. While women account for 41% of patients with ischaemic heart
disease, they represented only 29% of those undergoing PCl and 26%
of those receiving primary PCI (Table 2). This imbalance was less pro-
nounced in valve interventions. VWWomen represent 45% of patients
with aortic valve disease and accounted for 48% of those undergoing
TAVI. Similarly, transcatheter mitral and tricuspid interventions demon-
strated relatively balanced representation (Table 2).

Distribution of interventional procedures

Percutaneous coronary intervention accounted for >90% of all thera-
peutic percutaneous cardiovascular procedures (Figure 5A and B).
Transcatheter aortic valve implantation represented <5% of proce-
dures. All other structural heart interventions, including mitral, tricus-
pid, aortic balloon valvuloplasty, and PVL closures, collectively
comprised ~1%. Even when focusing exclusively on the two most life-
saving procedures, namely primary PCl and TAVI, primary PCl re-
mained dominant, with TAVI comprising only 22% of the combined to-
tal (Figure 5C). These aggregate figures mask substantial differences
across countries. In some countries, TAVI is not performed at all. In
contrast, France, Germany, and Norway reported that TAVI accounted
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for ~40% of all primary PCl + TAVI procedures (Figure 5C). Mitral and
tricuspid interventions remain low in volume and unevenly distributed,
with certain countries performing nearly all procedures within their re-
spective regions.

Discussion

Contemporary percutaneous cardiovascular interventions have been
shown to alter the natural course of coronary artery disease, valvular
heart disease, and heart failure, as reflected in the latest ESC
guidelines on acute and chronic coronary syndromes and on heart valve
disease.”™ This third edition of the ESC-EAPCI Atlas of Interventional
Cardiology offers the most comprehensive overview of percutaneous
cardiovascular intervention practice across 50 ESC member countries.
Building on prior editions, covering 16 countries in 2016 and 35 in 2018,
the current edition enables detailed regional and cross-country com-
parisons and introduces the first decade-long trend analysis(2013-22)
of key interventional procedures.

Its expanded scope allows for a more precise evaluation of the rela-
tive uptake of various interventions, the identification of regional dis-
parities,®”'° and the assessment of progress towards alignment with
clinical guideline recommendations.>~

The five main findings of our study are the followings: (i) PCl remains
the overwhelmingly dominant procedure, accounting for >90% of all
percutaneous cardiovascular interventions, despite continued growth
in structural and valve therapies; (i) trend analysis of coronary interven-
tions (e.g. primary PCI) shows that lower-income regions have progres-
sively closed the gap with more affluent ones; (iii) trend analysis of valve
procedures (e.g. TAVI) shows that while all regions progressed, the dis-
parity between higher- and lower-income regions widened over time;
(iv) women account for only 10% of ICs, despite representing 39% of
the cardiology workforce overall; and (v) only ~50% of countries col-
lect sex-specific data on interventional care. Nevertheless, available
data suggest that, compared with surgery, transcatheter approaches
may help reduce sex-based disparities, particularly in coronary and aor-
tic valve disease (Structured Graphical Abstract).

Coronary artery disease: the core of
percutaneous cardiovascular
interventions

Despite growing clinical research interest in structural heart therapies,”
>90% of all therapeutic percutaneous cardiovascular procedures in
2022 were directed towards coronary artery disease. Valve-related in-
terventions accounted for <6% of total procedures. Notably, annual
TAVI volumes remained below one-fifth of primary PCl volumes.
Other structural interventions combined, such as transcatheter mitral
or tricuspid therapies and PVL closures, represented ~1% or less.
Non-valvular procedures, including interventions for congenital defects,
patent foramen ovale (PFO) closures, acute pulmonary embolism, and
pulmonary hypertension, made up <4%. These data clearly reaffirm
that coronary revascularization remains the cornerstone of interven-
tional cardiology across ESC member countries.

The continued predominance of PCl has important implications for
healthcare systems and training programmes. It underscores the need
for well-distributed networks of 24/7 PCl-capable centres, particularly
for timely ST-elevation myocardial infarction care, and reinforces PCl
skills as a core component of interventional cardiology training.
While transcatheter structural interventions are expanding, our find-
ings suggest they are evolving to complement, not replace, coronary

interventions and highlight the importance of training programmes
that maintain coronary intervention expertise, even as structural heart
programmes expand. Accordingly, healthcare policymakers should pur-
sue balanced investments that support the growth of structural heart
programmes while maintaining and strengthening coronary interven-
tion infrastructure.

Regional disparities and socio-economic
influences

Our report highlights regional disparities in access to percutaneous car-
diovascular interventions, particularly for high-cost procedures, which
strongly correlate with economic indicators such as GNI per capita.
Utilization of TAVI and other transcatheter valve interventions showed
a clear positive correlation with national wealth, whereas PCl rates and
catheterization laboratory availability demonstrated weaker, or no, as-
sociation with income levels.

Earlier analyses, such as those from 2014, revealed a stronger link be-
tween PCl rates, resource availability, and economic status (see
Supplementary data online, Table $3). The weaker association observed
in 2022 suggests that many lower-income countries have since im-
proved access to PCI. This progress likely reflects adoption of guideline-
driven national policies®* and initiatives such as the ‘Stent for Life’>
programmes.

However, the high cost of transcatheter heart valve devices remains
a significant barrier in economically disadvantaged regions. As a result,
uptake of these interventions continues to differ sharply between
wealthier and less affluent ESC member countries. The ‘Valve for
Life’ initiative is actively working to reduce these disparities in access
to care and treatment.?* Equally important is the development of struc-
tured care networks, including expert centres that manage complex
structural heart cases while offering support and training to other hos-
pitals. As recommended in the ESC/EACTS Guidelines,5 this model
should be further promoted to ensure equitable access to high-quality
care and the spread of best practices across all regions, including low-
income areas.

Temporal trends (2013-22)

Decadal trends highlight encouraging development alongside persistent
challenges.

A notable contrast emerged between the modest increase in re-
sources allocated to percutaneous cardiovascular interventions, specif-
ically the number of ICs and hospitals with catheterization laboratories,
and the much larger rise in the number of procedures performed, sug-
gesting a significant effort in healthcare system organization and
efficiency.

Overall PCl volumes have risen steadily, driven primarily by increased
uptake of primary PCl in less affluent regions. In contrast, regions with
higher socio-economic indicators have shown relatively stable, or slight-
ly declining, numbers of ICA, primary PCl, and total PCl procedures.
This reflects the flatter burden of coronary artery disease in these re-
gions, supported by a comprehensive approach to cardiovascular pre-
vention, including dietary, lifestyle, and pharmacological measures, as
well as the presence of well-organized PCI networks.>*

Notably, in some lower-income regions, annual primary PCl rates
have doubled since 2013, reaching levels comparable to those in
wealthier areas. This significant progress reflects successful implemen-
tation of guideline-based revascularization strategies, supported by in-
itiatives such as the ESC’s ‘Stent for Life’, national healthcare reforms,
and the declining cost of coronary stents.


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf698#supplementary-data

2640

Van Belle et al.

In contrast, valve interventions, driven primarily by TAVI procedures,
have expanded across all regions without signs of plateauing. This trend
is unsurprising, given the rising incidence of aortic stenosis in the ab-
sence of preventive measures, an ageing population, and growing evi-
dence supporting the safety and efficacy of TAVI and mitral
interventions.” However, the growth has been disproportionately
greater in wealthier countries, leading to a widening gap in TAVI acces-
sibility. This disparity persists despite similar demographic needs and
comparable availability of facilities capable of performing percutaneous
valve procedures. Economic constraints therefore remain a key barrier
to broader adoption of TAVI and other valve interventions in resource-
limited se‘ctings.9

Consistent with previous nationwide reports, we observed that
the COVID-19 pandemic in 2020 had a limited impact on primary PCI
trend, particularly in NE, WE, and EE, while no discernible effect was
seen on TAVI trends.

25-29

Adherence to guidelines and percutaneous
coronary intervention practice

Guideline implementation continues to show significant variability.>*
Some recommendations have seen broad uptake; e.g. radial artery ac-
cess is now used in ~87% of PCl procedures, aligning with guidelines
aimed at reducing procedural complications. Similarly, bioresorbable
vascular scaffolds have been largely phased out in accordance with clin-
ical evidence. In contrast, physiological lesion assessment using FFR or
iFR, despite Class | recommendations since 2016, is employed in only
about 10% of PCls. Intracoronary imaging techniques such as IVUS
and OCT are similarly underutilized, with adoption rates ~5%. While
cost may be a factor in some settings, other contributors likely include
lack of coding and/or reimbursement, operator preferences, limited
training, and challenges integrating these tools into routine workflow.
Ongoing monitoring and targeted strategies will be essential to improv-
ing adherence to these evidence-based practices.

Technical aspects of valve interventions
and European Society of Cardiology
guidelines

Encouragingly, most centres performing TAVI achieved volumes con-
sistent with high-quality care standards. In 2022, median annual TAVI
procedures per hospital approached 100, exceeding 50 cases per hos-
pital in most regions, aligning with ESC guidelines linking higher volumes
to improved outcomes.® Adherence to procedural guidelines was also
high, with transfemoral access used in >90% of cases. Interestingly, a
few countries (e.g. Italy and Spain) permit TAVI in centres without on-
site cardiac surgery, reflecting adaptations to local healthcare resources
and policies and warranting continued surveillance to ensure patient
safety.

Workforce and training considerations

With only 10% of women among ICs, our data underscore the ongoing
underrepresentation of women and highlight the urgent need for tar-
geted diversity and inclusion initiatives within the subspecialty. Of
note, women members of EAPCI are 19%, with many in trainee.
Additionally, dedicated interventional cardiology training pro-
grammes are available in about half of participating countries, revealing
broader inconsistencies in educational access. Strengthening efforts to
harmonize training standards and expand structured programmes

across all regions could help reduce variability in clinical practice and
foster a more equitable and skilled workforce.

Sex-specific data collection and care
delivery

Collecting data on the proportion of women receiving interventional
care remains challenging. Depending on the type of intervention, only
26%—-52% of countries performing these procedures routinely record
sex-specific information prospectively. This highlights the widespread
absence of systematic sex data collection in national registries.
Addressing this gap should be a priority to improve the quality and equi-
ty of cardiovascular care for women.”

Care delivery in this population presents a mixed picture. VWomen
are often underrepresented among patients undergoing percutaneous
cardiovascular interventions relative to their actual disease burden; par-
ticularly in coronary procedures. However, percutaneous interventions
may offer an opportunity to reduce sex disparities when compared
with surgical approaches. For example, although women account for
40%-45% of patients with ischaemic heart disease or aortic valve dis-
ease, they represent <20% of those undergoing coronary artery bypass
1819 and ~30% of those undergoing surgical aortic valve re-
placement.?®2" In contrast, women represent 29% of patients undergo-
ing PCl and 48% of those receiving TAVI.

This more balanced representation with transcatheter procedures
likely reflects their less invasive nature and greater accessibility, helping
to overcome some of the barriers that have historically limited surgical
referrals for women.” While transcatheter approaches may mitigate
sex-based disparities observed with surgical interventions, this potential
benefit depends on earlier presentation of women to medical care,

grafting

which remains a challenge in many healthcare settings.

Limitations

A key strength of this study is the independence of the EAPCI Atlas sur-
vey from commercial influence, as well as its provision of national inter-
ventional data that are not available from other sources. Another
important strength is its broad geographic coverage, with participation
from 50 member countries, along with trend analysis dating back to
2013.

Those strengths are associated with intrinsic limitations. Even in the
absence of special funding and other financial incentives, national infra-
structure, workforce data, and core procedural metrics (including PCI,
primary PCI, TAVI, and mitral and tricuspid interventions) were >90%
complete; however, some procedural details were less comprehensive-
ly reported. To ensure reliability, only those indicators are included in
the analysis that were submitted by at least two-thirds (66%) of coun-
tries with exception of sex-specific data, which were particularly diffi-
cult to obtain, reflecting the widespread lack of prospective data
collection in many countries. Retrospective longitudinal data were af-
fected by missingness, and to offset this limitation, data imputation
was used. Wide geographical expanse of the study covered diverse
healthcare practices and thus included settings without national regis-
tries. In these cases, data were obtained directly from national societies
or working groups, which might have some impact on the parity of the
estimates. Nevertheless, multi-stage procedure for data quality assur-
ance and validation alongside dedicated efforts to ensure the same un-
derstanding of the definitions likely helped to mitigate this limitation.

Reported disparities across countries may be underestimated due to
differences in population age structures, particularly for procedures
targeting older patients such as TAVI. However, because patient-level
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age data were unavailable, age-standardized rates could not be calcu-
lated. Even so, crude rates remain highly relevant for evaluating system
capacity, planning, and policy development. This is why organizations
such as the OECD and the ESC Atlas of Cardiology also use crude rates
as standard indicators.

Given the current focus on percutaneous procedures, national data
on surgical coronary and structural interventions were not included,
limiting assessment of the overall number of patients treated. This
gap will be addressed in future editions of the Atlas. Similarly, data on
waiting times for procedures and national reimbursement frameworks
were unavailable, constraining the ability to fully evaluate access to care
and economic influences; these aspects will also be incorporated in fu-
ture editions.

Because the Atlas uses aggregated data, it cannot evaluate the appro-
priateness of interventions in relation to patients’ clinical characteristics
or guideline recommendations. Moreover, the relatively small number
of TTVR procedures performed to date means these findings should be
interpreted with caution. Future editions of the ESC-EAPCI Atlas are
expected to offer greater clarity on this topic.

Statistically significant correlations were observed between certain
interventional resources and procedures and broader socio-economic
indicators and mortality rates. While these associations suggest poten-
tial links, the observational nature of the study prevents any conclusions
about causality.

Conclusions

The third edition of the ESC-EAPCI Atlas provides the most com-
prehensive overview of interventional cardiology practice in
Europe. It documents substantial progress in the efficiency of percu-
taneous programmes, with an increased availability of primary PCl,
paralleled by notable reductions in previously reported regional dis-
parities. At the same time, it highlights ongoing disparities in trans-
catheter structural heart intervention access and workforce
composition and draws attention to persistent economic barriers
that continue to limit equitable access to advanced structural heart
interventions such as TAVI. Policymakers and healthcare leaders
should aim for balanced investment strategies, maintaining robust
coronary intervention networks while gradually expanding interven-
tional valve programmes and attracting more women to become ICs.
Strengthening national data collection systems is essential for accur-
ately tracking procedural trends, resource allocation, and patient
outcomes. The ESC-EAPCI Atlas can support this goal by offering
standardized data fields that foster consistent reporting and enable
meaningful comparisons across countries and regions. Future efforts
should also focus on closer collaboration with ESC clinical registries
to improve data completeness, enhance interoperability, and in-
crease the clinical relevance of the findings.
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