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Association  of  Percutaneous  Cardiovascular

Interventions (EAPCI) Atlas * in Interventional
Cardiology is a joint project between the EAPCI and the
ESC!. The ESC/EAPCI Atlas is a unique compendium of
cardiovascular statistics across ESC member countries, pro-
viding a resource for guideline and policy development and an
audit tool for the implementation of their recommendations
In participating countries.

In this short report, we focus on changes in interventional
practice over time, highlighting inequalities between high-
and middle-income ESC member countries in Europe.

This is the 2" ESC/EAPCI Atlas survey, with participation
of 35 ESC member countries, expanding upon the
16 countries that contributed to the previous survey'. The
descriptive statistics, infrastructure and procedure volumes
are summarised in Supplementary Table 1. Data collection
and analysis are reported in Supplementary Appendix 1. We
acknowledge the contributing working groups and national
representatives in Supplementary Appendix 2.

Our survey showed wide national variation in the number of
catheterisation laboratories per million population, ranging from
1.46 in Ukraine to 12.12 in Germany. Notable changes were
seen in Egypt, with an increase, and Denmark, with a reduction,
of catheterisation laboratories between 2016 and 2018. Similar
heterogeneity was observed in numbers of interventional
cardiologists and procedure volumes, with continuing
differences across ESC member countries in the penetration of
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life-saving interventions such as primary percutaneous coronary
intervention (PCI) (Supplementary Table 1). Novel structural
interventional procedures are generally increasing, particularly
in higher-income countries, where they far outnumber those
performed in middle-income countries.

All countries with paired 2016 and 2018 data available
reported an increase in transcatheter aortic valve implantation
(TAVI) procedures, except for Turkey and Greece. The
procedure rates were low in middle-income countries, where
fewer than 50 TAVI procedures per million people were
performed. We found a positive correlation between TAVI
implantation and gross national income per capita (r=0.95;
p<0.001) (Figure 1).

Detailed results are summarised and illustrated in
Supplementary Appendix 3-Supplementary Appendix 5 and
Supplementary Figure 1-Supplementary Figure 17.

The results of this survey document an ongoing increase in
valvular interventions prior to the 2020 pandemic. The rate
of coronary intervention appears stable in most developed
countries. The wider spectrum of valve procedures, as well as
the use of adjunctive coronary procedures, are predominantly
present in higher-income countries with a more developed
interventional infrastructure. The data we present illustrate
the significant penetration of PCI across ESC member
countries and provide a benchmark for policymakers
developing national interventional services.

Although every effort went into making the maximum
data available, we cannot claim completeness of data for
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Figure 1. Transcatheter aortic valve implantation and gross national income across Europe in 2018 (log scale).

all countries, procedures or infrastructure parameters.
Furthermore, differences in the national datasets can make
direct comparison difficult. Changes in data acquisition
methods in some countries between the first and second
editions may lead to inaccuracies in direct comparisons.

This 2 ESC/EAPCI Atlas survey reports data on
infrastructure and procedures in interventional cardiology
from 35 participating ESC member countries. This edition
will serve as a comparator for the next update, the EAPCI/
ESC Atlas 3, which will address the impact of the pandemic
on patient access to procedures, as well as the limitations to
reporting, during and after the COVID-19 years.
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Supplementary data
Supplementary Appendix 1. Data collection policy.

Data collection and quality assurance

Individual participating country data were collected by the National cardiac Society (NCS) via
local inquiry or national registries and recorded in an electronic case report form (e-CRF). The
existing ESC-Atlas platform was used to consolidate data collection.

Data presentation
Data are for 2018 or latest year available and adjusted for population size by reporting values per
million people. The national income status for the 35 participating counties, defined by the World
Bank classification for as follows:

e Lower-middle income: Gross national income (GNI) 3995;

e Upper-middle income: GNI 3996-12375;

e High income: GNI 12375; (in U.S. dollars per capita)

Data analysis

An aggregate of national data was the unit of analysis for statistics recorded in the ESC/EAPCI
Atlas. Averaged data across the 35 participating countries are presented as medians with
interquartile range (IQR) in parentheses. Non-parametric (permutation-based) correlation
coefficient testing was used to test the significance of associations between two variables. The
Pearson’s correlation coefficient was calculated for log-transformed data and for 100 000 random
permutations of the data to test the null hypothesis that variables were independent. We made no
assumption of causation when associations were identified. Fisher-Pitman permutation tests was
used to identify differences between income-level groups of countries. Paired Wilcoxon rank sum
test was used for identifying differences between 2016 and 2018 data. Of note, p-values and the
medians in 2016 vs 2018 data comparisons correspond only to those countries which participated
in both surveys and were data are available (16 countries or less, depending on the variable).
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Supplementary Appendix 3. Infrastructure.

National infrastructure (See Supplementary Table 1)

The median number of hospitals with catheterization laboratories was 3.04 (IQR 2.12-4.29) per
million people, ranging from 1.05 in Ukraine to 6.01 in Germany. Egypt recorded the largest
increase, from 1.01 to 4.37 per million people (+353%) while Denmark recorded the largest
decrease, from 2.27 to 1.90 per million people (-15%).

Human resource

In this survey, we found a median of 14.35 (IQR 9.93 to 19.81) interventional cardiologists per
million people, ranging from 4.48 per million in Ukraine to around 30.37 per million in Turkey
Egypt reported the strongest change since 2016 (+138%).

Catherization laboratories

The total number of catheterization laboratories ranged from 1.46 in Ukraine to 12.12 per million
people in Germany, with a median across all countries of 4.87 (IQR 4.07-5.59) with data not
available for Belgium, Israel, Netherlands. Similarly, Egypt recorded the largest rise (1.32 to 4.67
per million people, +268%) while Denmark recorded the largest decrease (5.41 to 4.66 per million
people, -13%). High income countries have significantly higher number of catheterization
laboratories compared to the middle income countries (5.24 vs 3.96, p=0.02).

A 24/7 service was provided by 59.7% of hospitals with catheterization laboratories [median 1.89
(IQR 1.17 to 2.91) per million people], ranging from 0.66 per million in Egypt and Denmark to
approximately 4 per million in Belgium, Germany, Italy, and Poland (Table 1; data not available
for Russia). Cardiac surgery was offered by 36.8% of hospitals with catheterization laboratories
[median 1.02 (0.77 to 1.44) per million people], ranging from 0.27 per million in Ukraine to 3.73
per million in Turkey.

Switzerland and Italy have significantly larger number of hospitals with catheterization
laboratories performing structural heart disease interventions, at 3.99 and 3.51 per million people
compared to the median of 1.07 (IQR 0.69-1.51). There was also a significant difference between
high and middle income countries (1.27 vs 0.63, p=0.008). There was a significant increase in
hospitals with catheterization laboratories performing transcatheter aortic valve intervention
(TAVI) with 0.86 in 2018 vs 0.78 in 2016, p<0.01 hospitals per million people, p<0.01.
Supplementary Figure 1 compares the Hospitals and Catheterization Laboratory numbers for
middle and high income countries.



Supplementary Appendix 4. Procedures.
[llustrations in Supplementary Figure 2-Supplementary Figure 12,

Percutaneous Coronary Intervention (PCI)

A median of 2264.42 (IQR 1522.47 to 2696.69) PCI per million people were reported in 2018,
ranging from <1000 in Moldova, Egypt, Ukraine and Belarus to >3000 in France, Switzerland,
Latvia, Lithuania and Germany. There were no significant differences in the rate of PCI between
2016 and 2018 (2478.92 vs 2264.42, p=0.32) with France reporting the highest increase (+20%).
Trans-radial access was used in >50% of cases in all countries except in Egypt and Turkey although
both countries recorded large increase compared to 2016, (+30% and +17%, respectively). There
was a significant correlation between rates of PCI and GNI per capita (r=0.69, p<0.001). Of note,
stents were not implanted in over 20% PCI that were performed in Finland, drug-eluting stents
were implanted in less than 60% of the cases where coronary stents were used in Russia. There
has also been a large decrease in the average coronary bio-resorbable vascular scaffold use (1.18
in 2018 vs 10.76 in 2016, p=0.014).

Primary percutaneous coronary intervention (pPCI)

A median of 476.91 (IQR 377.54 to 602.84) cases of pPCI per million people were reported for
2018, although wide variation was noted with less than 200 cases per million people in Kazakhstan
to >800 cases per million people in Turkey, North Macedonia and Lithuania. Of note, Turkey and
North Macedonia are both middle income countries so there was weak positive correlation between
pPCIl and GNI. There was no significant difference in pPCI rates between 2016 and 2018 surveys
(461.70 vs 476.91 p=0.73). However, Egypt and Poland recorded the highest changes, +471% and
-21%, respectively. In Ukraine, pPCI accounted for >50% of PCI cases, which is significantly
higher than average of the participating countries.

Intracoronary imaging and physiology guided PCI

The rates of PCI performed with adjunctive intracoronary imaging techniques [median 30.14 (IQR
7.49 to 120.33) per million people] ranged from 1.57 per million people in Ukraine to 158.33 per
million people in Sweden (Figure S8; data not available for Austria, Czech Republic, Finland,
France, Germany, Israel, Lithuania, Netherlands, Slovakia, Spain Switzerland). Similarly, there
was a wide variation in the PCI performed with adjunctive intracoronary physiology measurements
[median 20.42 (IQR 5.53 to 111.122) per million people] ranged from zero in North Macedonia to
>300 per million people in Norway (Figure S12- data not available for Austria, Czech Republic,
Finland, France, Germany, Hungary, Israel, Netherlands, Slovakia, Spain, Switzerland and
Turkey). There was strong positive correlation for both adjunctive techniques (during PCI and
coronary angiography) with GNI per capita [intracoronary imaging (r=0.87, p<0.001) and
intracoronary physiology (r=0.88, p<0.001). There was also significant increase in the use of
intracoronary physiology between the two surveys with 181.52 in 2016 vs 167.19 per million
people in 2018, p=0.009 but no difference seen in the use of intracoronary imaging.

Adjunctive technologies

There was a wide variation in the use of rotational atherectomy with >70 per million people in
France compared to the median of 16.16 (IQR 4.51 to 34.21) per million people. There was a
reduction in the PCI with rotational atherectomy rates between the two surveys (median 16.2 in
2018 vs 25.5 per million people in 2016, p=0.057). Similarly, Italy, France and Switzerland



recorded >50 per million people use of haemodynamic support devices compared to middle
income countries such as Egypt, Ukraine and Moldova with <10 per million people. However,
there was no significant differences between the two surveys (median 12.08 in 2018 vs 15.88 per
million people in 2016, p=0.426).



Supplementary Appendix 5. Structural interventional procedures.

Illustrations in Supplementary Figure 13-Supplementary Figure 15.

Transcatheter aortic valve implantation (TAVI)

An annual median of 51.73 (IQR 39.44-134.99) per million people were reported in 2018 with
Germany leading with >250 TAVI implants per million people. All middle income countries
implanted <50 TAVI per million people which resulted in strong positive correlation between
TAVI implantation and GNI per capita (r=0.95, p<0.001). All countries, except Turkey and Greece
reported increase in TAVI implantation in 2018 compared to 2016, with median 51.73 2018 vs
48.24 in 2016 per million people, p<0.001.

Percutaneous mitral procedures

Mitral valve percutaneous repairs were performed in a median 3.86 (IQR 0.06 to 9.89) per million
people with Germany and Switzerland accounting for a large majority of the cases. There was no
significant difference between the two surveys (median 1.46 in 2018 vs 1.86 per million people in
2016, p=0.28). The United Kingdom reported a small reduction in number of cases compared to
2016, but the remaining countries that participated in both surveys reported significant increase in
procedural numbers (p=0.007). On the other hand, Turkey and Egypt, both middle income
countries reported the largest number of mitral balloon valvuloplasty procedures in 2018.

Other percutaneous interventional procedures

There was a wide variation in atrial septal closure procedure rates with Bosnia & Herzegovina
reporting 2.4 while Germany reporting 65.2 cases per million people. A similar trend was observed
in left atrial appendage occlusion and alcohol septal ablation procedures, where Germany recorded
the highest number of cases among the participating countries, 64.2 and 6.0 cases per million
people respectively. On the other hand, ventricular septal defect closure was most commonly
performed in North Macedonia, 2.9 cases per million people with just data available from 18
participating countries.



Supplementary Table 1. Data collection policy.

Country  GNI Age-adjusted  Age- Interventional Total cath Hospitals with cath Hospitals with Hospitals Hospitals with Hospitals with cath
per prevalence of  Standardised cardiologists (per labs (per labs (per million cath labs on 24 with cath labs  cath labs labs performing
capita ichaemic CVvD million people) million people) hours/7 days and on-site performing structural heart
(USD)  heartdisease  mortality per people) service (per cardiac TAVI (per disease

per 100 000 100 000 million people) surgery (per million people) interventions in the
people people million adult (per million
people) people)
*Egypt 2790 5626 10.16 (1.38) 4.67 (2.68) 4.37 (3.53) 0.66 (2.61) 0.76 (1.78) 0.12 (1) 0.2 (0.25)
Ukraine 2800 4054 4.48 1.46 1.05 0.83 0.27 0.07 0.11
Moldova 3930 3473 5.91 3.33 2.59 1.11 1.11 0.74 111
North Macedonia 5480 2846 21.12 5.28 4.32 3.36 1.44 0.48 1.44
Belarus 5700 3616 16.34 4.01 2.74 1.79 0.95 0.21 0.42
Bosnia and 5770 3059
Herzegovina 7.52 421 211 15 12 0.6 0.6
Kazakhstan 8070 3815 8.1 3.17 2.08 1.53 1.42 0.33 0.66
Russia 10250 3573 13.7 39 2.44 0.76 0.44 0.45
*Turkey 10520 3228 30.37 (0.55) 6.46 (0.41) 3.62 (0.05) 2.95 3.73(0.08) 0.73 (0.71) 1.09
*Romania 11430 2874 6.06 (0.39) 3.13(0.24) 1.95 (0.09) 0.92 0.62 (-0.25) 0.56 (0.38) 0.77 (0.25)
Croatia 14080 2908 17.37 6.6 3.67 2.94 1.47 0.98 0.98
* Poland 14150 2127 16.14 (0.07) 4.29 4.29 (0.01) 4.21 (0.01) 1 (0.00) 0.58 (0.05) 1.05 (0.05)
Hungary 15020 3269 14.01 3.48 1.84 1.74 0.72
Latvia 16540 3606 16.09 5.19 2.59 1.04 0.52 0.52 0.52
Lithuania | 17460 3358 15.43 4.64 2.14 1.78 1.07 1.07 1.07
Slovakia 18350 2752 9.36 2.09 1.29 1.29 0.55 0.55 11
*Greece 18970 1631 21.24 (0.01) 6.52 (0.04) 4.94 (0.00) 2.52 (0.04) 2.52 (0.00) 1.49 (0.07) 1.68 (0.00)
Czech Republic 20520 3404 13.17 4.7 2.16 2.07 1.32 1.32 1.6
Estonia | 21340 4312 11.35 53 3.78 2.27 1.51 151 1.51
Portugal 22050 1329 9.53 4.18 2.72 2.33 1.17 1.56 1.85
*Slovenia | 24600 2860 20.25 (0.14) 5.3 4.34(0.29) 0.96 (0.00) 1.45 (0.00) 145(2 1.45 (0.00)
*Spain 29350 1689 9.89 (0.05) 5.11(0.1) 2.33(0.03) 1.99 (0.13) 1.43 1.32 (0.05) 1.77 (0.26)
*Italy 33840 2033 17.26 (-0.03) 7.35 (0.00) 4.42 (0.00) 3.92 (0.01) 1.74 (0.00) 1.7 (0.11) 3.51(0.08)
Israel 40860 1649 19.36 3.04 248 1.46 1.46 1.46
*France 41200 1621 14.35 5.03 (0.02) 3.08 (0.00) 3.08 (0.00) 0.82 (0.04) 0.82 (0.1) 1.27 (0.7)
*United Kingdom 41770 1637 9.98 (0.00) 4.09 (-0.11) 1.78(-0.33) 0.87 (-0.15) 0.68 (0.00) 0.62 (0.17) 0.62 (0.17)
*Belgium 46100 1877 20.57 (-0.12) 4.29 (0.00) 4.29 (0.00) 2.45 (0.00) 2.01 (0.05) 2.36 (0.00)
*Germany | 47050 1993 28.59 (-0.45) 12.12 (0.03) 6.01 421 0.94 (0.00) 1.21(0.11)

Finland 48280 1876 22.48 8.52 3.99 3.26 0.91 0.91 0.91
Austria | 49080 1787 30.31 6 3.73 1.13 1.02 1.13 1.58
*Netherlands | 51300 2258 10.97 (0.09) 4.29 (0.00) 1.8 (0.00) 0.93 (0.00) 0.93 (0.00) 0.93 (0.00)

*Sweden 55580 1820 13.76 (0.02) 5.41 (0.1) 3.05 (0.03) 2.36 (0.2) 0.79 (0.00) 0.79 (0.00) 0.88 (0.12)

*Denmark 61020 1761 15.53 (0.00) 4.66 (-0.13) 1.9 (-0.15) 0.69 (0.00) 0.69 (0.00) 0.69 (0.00) 0.69 (0.00)
Norway 80640 1695 9.41 5.46 1.69 1.32 0.94 0.94 0.94
*Switzerland 83730 1620 26.31 (-0.01) 6.93 (-0.02) 4.35(-0.03) 2.82(-0.2) 1.88(0.07) 1.76 (-0.06) 3.99 (-0.11)

* Countries which participated in the 2016 survey. Relative changes in comparison to 2016 data are shown in brackets.
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Supplementary Figure 9. PCI with drug-eluting balloons (per million people), 2018.
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Supplementary Figure 10. PCI in coronary artery with chronic total occlusions (per million
people), 2018.
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Supplementary Figure 11. Percentage of PC performed by transradial access, 2018.
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Supplementary Figure 12. Ratio of pressure wire-guided PCI to all PCI, 2018.
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Supplementary Figure 14. Mitral valve percutaneous repairs and mitral balloon

valvuloplasties, 2016 and 2018.
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Supplementary Figure 15. Structural interventions: ASD, VSD, LAA and ASA, 2018.
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Supplementary Figure 16. Diagnostic heart procedures versus GNI, 2018.
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Supplementary Figure 17. PCI versus GNI, 2018.



