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Aims The European Association of Percutaneous Cardiovascular Interventions (EAPCI) Atlas of Interventional
Cardiology has been developed to map interventional practice across European Society of Cardiology (ESC) mem-
ber countries. Here we present the main findings of a 16-country survey in which we examine the national avail-
ability of interventional infrastructure, human resource, and procedure volumes.

Methods Sixteen ESC member countries participated in the EAPCI Atlas survey. Interventional data were collected by the
and results National Cardiac Society of each participating country. An annual median of 5131 [interquartile range (IQR) 4013—
5801] diagnostic heart procedures per million people were reported, ranging from <2500 in Egypt and Romania to
>7000 in Turkey and Germany. Procedure rates showed significant correlation (r=0.67, P=0.013) with gross na-
tional income (GNI) per capita. An annual median of 2478 (IQR 1690-2633) percutaneous coronary interventions
(PCls) per million people were reported, ranging from <1000 in Egypt and Romania to >3000 in Switzerland,
Poland, and Germany. Procedure rates showed significant correlation with GNI per capita (r=0.62, P=0.014). An
annual median of 48.2 (IQR 29.1-105.2) transcatheter aortic valve implantation procedures per million people
were performed, varying from <25 per million people in Egypt, Romania, Turkey, and Poland to >100 per million
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people in Denmark, France, Switzerland, and Germany. Procedure rates showed significant correlation with nation-

al GNI per capita (r=0.92, P<0.001).

The first report from the EAPCI Atlas has shown considerable international heterogeneity in interventional cardi-

ology procedure volumes. The heterogeneity showed association with national economic resource, a reflection no

doubt of the technological costs of developing an interventional cardiology service.
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Introduction

The European Association of Percutaneous Cardiovascular
Interventions (EAPCI), in association with the European Society of
Cardiology (ESC), has surveyed 16 of its member countries in order
to examine heterogeneity in interventional infrastructure, human re-
source, and procedure volumes. An EAPCI manual of definitions was
made available to all the participating countries in order to help
standardize key statistics included in the survey. The survey benefited
from support by the ESC’s European Heart Agency which has devel-
oped considerable experience in international data collection based
on its pioneering ESC Atlas Project.’

The EAPCI has been active in promoting the interventional
management of coronary artery disease and valvular heart disease
Stent-for-Life
which, among other aims, seek to reduce obstacles to the

through its and Valve-for-Life programmes
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implementation of interventional treatment among participating
countries according to the recommendations of international
guidelines.® However, mechanisms for monitoring national imple-
mentation of interventional technologies are unavailable and the
EAPCl Atlas of Interventional Cardiology survey (henceforth
referred to as the EAPCI Atlas) seeks to resolve this unmet need
by independent collection of high-quality data pertaining to inter-
ventional cardiovascular healthcare delivery. By collecting data
across international boundaries, the EAPCI Atlas will provide a re-
source for policymakers in benchmarking standards of care and
auditing the implementation of guideline recommendations in par-
ticipating countries.*®

In the first edition of the EAPCI Atlas, we present the main findings
of the 16-country survey and attempt to identify some of the factors
that modify interventional practice. We examine the national avail-
ability of interventional infrastructure, human resource, and
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Figure | (A) Total number of catheterization laboratories (2016 or latest available year). (B) Number of hospitals providing round-the-clock cath-
eterization laboratory service (2016 or latest available year). (C) Number of hospitals with catheterization laboratories and on-site cardiac surgery
(2016 or latest available year). All data per million, sourced from EAPCI survey. Data not available: (A) Belgium, Netherlands, Poland, Slovenia; (B)

Germany, Romania, Turkey; (C) Germany, Turkey.

document procedural volumes. Special emphasis is given to deter-
mining how heterogeneity in interventional healthcare maps to na-
tional differences in income status.

Methods

Participating countries

A convenience sample of 16 ESC member countries participated in the
EAPCI Atlas survey. They were Belgium, Denmark, Egypt, France,
Germany, Greece, ltaly, the Netherlands, Poland, Romania, Slovenia,
Spain, Sweden, Switzerland, Turkey, and UK (Table 7).

Data collection

On request by the EAPCI task force, interventional data were collected
by the National Cardiac Society (NCS) of each participating country, ei-
ther by local inquiry or from national registries, and were recorded in an
electronic case report form (e-CRF). In collecting the data, partnership
with the EHA allowed exploitation of the existing ESC-Atlas platform.®

Data quality assurance
Steps to ensure data quality in the EAPCI Atlas were based on those pre-
viously developed in the main ESC Atlas programme”:

(1) The questionnaire used to collect data was reviewed by internal
experts (the EAPCI Atlas Task Force), by the Executive Board and
by the EHA.

(2) A manual, based on international definitions and specially developed
by the EAPCI, was used by all participating NCSs or Working
Groups of interventional cardiology to ensure consistent data col-
lection (Appendix 1).

(3) The e-CRF used to collect the data contained integrated logical
checks and metadata information for data quality purposes.

(4) Data collected in the EAPCI Atlas were cross-checked with other
data sets collected in the main ESC Atlas, or available in the
literature.

(5) Comparative indicators were constructed to identify unusual differ-
ences and outliers. Systematic checks were programmed to identify
illogical answers.

(6) Data sets and country profiles were reviewed and approved by the
NCS or Working Group of interventional cardiology prior to
finalization.

(7) Data sets were processed, checked, and validated by EHA biostatis-
ticians using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Data presentation

Data are for 2016 or latest year available. Presentation is descriptive and
adjusted for population size by reporting values per million people.
National income status for the 16 countries was defined by World Bank
criteria for 2016/17 as follows:

® Lower-middle income: Gross national income (GNI) per capita $1026
to $4035;

® Upper-middle income: GNI per capita $4036 to $12 475;

® High income: GNI per capita >$12 476 or more.

Data analysis

An aggregate of national data was the unit of analysis for statistics
recorded in the EAPCI Atlas. Averaged data across the 16 participating
countries are presented as medians with interquartile range (IQR) in
parentheses. Non-parametric (permutation-based) correlation coeffi-
cient 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 permuta-
tions of the data to test the null hypothesis that variables were independ-
ent® We made no assumption of causation when associations were
identified.
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Results

Of the 16 countries included in the EAPCI Atlas survey, World Bank
criteria categorized Egypt as lower-middle income, Romania and
Turkey as upper-middle income, and the remainder as high income.
For each country, GNI per capita, mortality data for cardiovascular
disease (CVD) and rates of selected coronary and structural heart
interventions are listed in Table 1.

National infrastructure
In the 16-country survey, the median number of hospitals with cath-
eterization laboratories was 3.4 (IQR 2.5-4.3) per million people,
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Figure 2 Percutaneous coronary intervention: utilization of radial
access (2016). Data not available: Romania.
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ranging from 1 in Egypt to almost 4.9 in Greece (Table 7). The total
number of catheterization laboratories ranged from 1.3 per million
people in Egypt to 11.8 in Germany, with a median across all coun-
tries of 5.0 (IQR 4.7-6.5) or 1.5 per hospital (Figure 1A). A round-the-
clock service was provided by 67% of hospitals with catheterization
laboratories [median 2.0 (IQR 1.0 to 3.6) per million people], ranging
from 0.2 per million in Egypt to >4 per million in Poland and Belgium
(Figure 1B). Cardiac surgery was offered by 41% of hospitals with
catheterization laboratories [median 0.9 (IQR 0.8 to 1.8) per million
people], ranging from 0.2 per million in Egypt to 4.5 per million in
Switzerland (Figure 1C). Hospitals per million inhabitants equipped to
perform structural heart interventions, varied from 0.2 in Egypt to
4.5 in Switzerland.

Human resource

In the 16-country survey, there were a median of 16.7 (IQR 12.9 to
20.9) interventional cardiologists per million people, ranging from 4.3
per million in Romania to 53.3 per million in Germany (Table 1).

Procedure volumes

a. Diagnostic heart procedures. An annual median of 5131 (IQR 4013—
5801) diagnostic heart procedures per million people were reported
in 2016, ranging from <2500 in Egypt and Romania to >7000 in
Turkey and Germany. Data for Belgium and Netherlands were un-
available (Table 7). There was significant correlation between rates of
diagnostic cardiac catheterization and GNI per capita (r = 0.67, P
=0.013) (Supplementary material online, Figure STA).

b. Percutaneous coronary interventions. An annual median of 2478 (IQR
1690-2633) percutaneous coronary interventions (PCls) per million
people were reported in 2016, ranging from <1000 in Egypt and
Romania to >3000 in Switzerland, Poland, and Germany (Table 1).
Trans-radial access was used in >50% of cases in all countries except
Egypt, Turkey, Germany, and Denmark (data unavailable: Romania)
(Figure 2). There was significant correlation between rates of PCl and
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Figure 3 (A) Adjunctive intracoronary imaging per million people (2016 or latest available year). (B) Percutaneous coronary atherectomy per mil-
lion people (2016 or latest available year). Data not available: (A) Belgium, France, Netherlands, Turkey; (B) Belgium, Netherlands, Turkey. Procedure
not available: (B) Egypt.

0202 Jaquieoa(] Z0 Uo Jasn saueiqi] usana NM Aq L1S2985/6.252/.2/ L v/eionie/luesyina/woo dno-olwspese//:sdny woJj papeojumoq


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data

2584

E. Barbato et al.

250
200
150

o
o

©
Turkey Poland

[
o

TAVIs per million (log scale)
o o

<
Romania

0.5 Egyit
3,000

5,000 10,000

15,000 20,000

Germany
¢ Switzerland¢

Fra "c§ Dgn mark

Ital -
Yo Netherlands syweden

. United Kingdom
Slovenia 5
®  Spain  Belgium

o
Greece

r=0.92, p<0.001

30,000 40,000 60,000 80,000

Gross National Income per capita, USD (log scale)

Figure 4 Transcatheter aortic valve implantations per million people by gross national income (GNI) per capita (2016 or latest available year).

GNI per capita (r = 0.62, P =0.014) (Supplementary material online,
Figure S1B).

Primary percutaneous coronary interventions (pPCl). Across participating
countries, a median of 468 (IQR 390-616) cases of pPCl per million
people were reported for 2016 (data unavailable: France, Turkey),
but variation was considerable ranging from only 37 cases per million
people in Egypt to >600 cases per million people in Slovenia,
Germany, the Netherlands, and Poland (Table 7).

. Adjunctive technologies. Rates of intracoronary imaging during PCl [me-
dian 166 (IQR 57-209) per million people] ranged from <10 per mil-
lion people in Egypt and Romania to >400 per million people in
Germany and Switzerland (data unavailable: Belgium, France, the
Netherlands, and Turkey) (Figure 3A). There was similar variation in
use of rotational or orbital atherectomy during PCl [median 25.6
(IQR 14.1 to 32.5) per million people] ranging from 2.1 per million
people in Romania to 44.3 per million people in France (data unavail-
able: Belgium, the Netherlands, Turkey; procedure unavailable: Egypt)
(Figure 3B).

Transcatheter aortic valve implantations. An annual median of 48.2 (IQR
29.1-105.2) transcatheter aortic valve implantations (TAVI) proce-
dures per million people were performed in 2016, varying from <25
per million people in Egypt, Romania, Poland, and Turkey to >100
per million people in Denmark, France, Switzerland, and Germany
(Table 1). There was significant correlation between rates of TAVI
and GNI per capita (r = 0.92, P < 0.001) (Figure 4).

Percutaneous mitral valve interventions. Mitral valve repair, nearly always
by the MitraClip system, was performed in a median 4.4 (IQR 2.7—-
6.6) patients per million people across participating countries, with
>15 procedures per million people in ltaly, Switzerland, and
Germany but <7 procedures per million people in the remaining 10
countries (data unavailable: the Netherlands and Turkey; procedure
unavailable: Egypt) (Table 7). A median of only 1.9 (IQR 1.3-2.5) mi-
tral balloon valvuloplasty procedures per million people were per-
formed in the 16 survey countries with Spain and Egypt reporting >5
procedures per million people (data unavailable: Belgium, Denmark,

France, the Netherlands, Romania, and Turkey) (Supplementary ma-
terial online, Figure S2).

g. Other percutaneous interventional procedures. Atrial septum closure
rates in 2016 were highly heterogeneous across participating coun-
tries, ranging from 3.1 procedures per million people in Egypt to 91.4
procedures per million people in Switzerland (data unavailable:
Belgium, the Netherlands, Romania, and Turkey). Ventricular septal
defect closures and left atrial appendage occlusions were reported in
6 and 12 participating countries, respectively, with Switzerland and
Germany performing the most cases. Alcohol septal ablations were
reported in nine participating countries, with Switzerland and
Germany again performing most cases (Supplementary material on-
line, Figures $3-56).

National CVD mortality outcomes
Age-standardized CVD mortality across the 16 participating coun-
tries was 317 (IQR 261-444) per 100 000 people, ranging from <300
in Switzerland, the Netherlands, UK, Belgium, France, Spain, and
Denmark to >800 in Egypt and Romania (Table 1). There was signifi-
cant negative correlation between mortality and GNI per capita (r =
—0.89, P < 0.001), diagnostic cardiac catheterizations (r = —0.63,
P=0.02) and PCI (r = —0.55, P=0.03) per million people.

Discussion

The EAPCI Atlas of Interventional Cardiology survey was conducted
in collaboration with the European Heart Agency with the aim of sys-
tematically mapping interventional cardiology practice in 16 ESC
member countries. The data show considerable heterogeneity in
interventional infrastructure, human resource, and procedure vol-
umes. The heterogeneity we report showed association with national

0202 Jaquieoa(] Z0 Uo Jasn saueiqi] usana NM Aq L1S2985/6.252/.2/ L v/eionie/luesyina/woo dno-olwspese//:sdny woJj papeojumoq


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa475#supplementary-data

Mapping interventional cardiology in Europe

2585

Egypt 00.2 Egypt 10.2
Denmark [l 0.7 UK Il O0.5
Slovenia [l 1.0 Romania [l 0.6
UK [ 1.0 Denmark [l 0.7
Spain [N 1 8 France [l 0.7
Netherlands NN 1.8 Sweden [l 0.8
Sweden I 2.0 Netherlands [l 0.9
Greece N 2 4 Poland [l 1.0
France I 3.1 Spain I 1.4
) . Slovenia [N 1.5
Switzerland [N 3.6 Greece I 1.7
italy I 3. Belgium I 2.4
Poland NN /.2 Italy I 3.2
Belgium NI 4 3 Switzerland NG 4.5
1T T I T 1 1 I I T 1
0 1 2 3 4 5 0 1 2 3 4 5

Hospitals with 24/7 cath labs
per million

Hospitals with cath labs and
on-site surgery, per million

Egypt W 37 300
Greece [N 330 200
Spain [N 356 100 <>°
UK I 352
Denmark | I 412 50
Belgium (NG 417
Switzerland IR 462 0 s
Romania [N 474
Sweden [N 509
italy (I 536
Slovenia NG 626
Germany [N 626
Netherlands [N 633
Poland N 674 05

0100 300 500 700
Primary PCI, per million

TAVIs per million (log scale)

o

3,000 5,000 10,000 20,000 40,000 80,000

Gross National Income (log scale)

Infrastructure

France Il 197
Spain Il 249
A Denmark [l 250
Netherlands Il 255
UK Il 263
Belgium [ 277
Switzerland [l 283
Sweden [ 315
Italy I 319
Greece [N 373
Germany I 394
Slovenia I 416
Turkey NN 529
Poland I 586

Romania NN 3875
Egypt NI 1,311
[ | | T |
0 300 600 1,000 1,400

CVD mortality per 100,000
age-standardised

Outcome

Practice

Take home figure Crosstalk between clinical practice (bottom left), available infrastructure (upper left) and clinical outcomes (right) in the
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economic resource, a reflection no doubt of the technological costs
of developing an interventional cardiology service.

Heterogeneity of interventional cardiology service provision was a
key finding of this report and was reflected in the human resource
statistics with 12-fold variation in interventional cardiologists per mil-
lion people across the countries included in the survey. Infrastructure
for service delivery showed similar variation, with Romania and
Egypt, for example, reporting three to five times fewer catheteriza-
tion laboratories per million people compared with better resourced
countries such as Switzerland and Germany. Almost inevitably, there-
fore, rates of diagnostic heart procedures and PCls in Romania and
Egypt were substantially lower compared with Switzerland and
Germany. Not only were interventional services under-resourced in
Egypt but few of the hospitals in this country were equipped with
catheterization laboratories that offered round-the-clock treatment
of cardiac emergencies, ensuring vanishingly low rate of primary PCI,
with similar under-performance extending to structural heart
interventions.

The costs are substantial of developing and maintaining an
interventional cardiology service that is responsive to the con-
stant innovations that characterize this burgeoning field.”'° It is
no surprise therefore that of the 16 countries we surveyed, the
more prosperous high-income countries of western Europe, par-
ticularly France, Germany, and Switzerland often featured
among those with the best developed interventional infrastruc-
ture and the greatest procedural activity in marked contrast
to middle-income countries such as Egypt and Romania.

Indeed, we found significant correlations between GNI per capita
and rates of diagnostic cardiac catheterization, PCl and TAVIL.
Further evidence that interventional procedure rates are
driven primarily by national income status was provided by the
negative correlations of diagnostic cardiac catheterization
and PCl with mortality which itself negatively correlates with GNI
per capita.

Despite the striking associations of infrastructure, procedure rates
and outcomes with GNI per capita, it is not possible to attribute all
the heterogeneity we observed in interventional healthcare to na-
tional income status. Thus Turkey, like Egypt and Romania, is a
middle-income country but had twice as many interventional cardiol-
ogists per million people as the UK, laid second only to Germany in
the number of diagnostic heart procedures performed and was one
of only five countries that reported >2600 PCls per million people in
2016. In all these regards Turkey was an outlier that, despite the 3rd
lowest GNI per capita among the countries we surveyed, had devel-
oped a capacity for coronary intervention that was as good if not bet-
ter than some of the high-income countries of western Europe. Our
data provide further examples of this disconnect between national
prosperity and coronary interventional capacity with Denmark
reporting just slightly more hospitals with catheter laboratories per
million people than Romania while Greece reported more hospitals
with catheter laboratories than either Switzerland or Sweden.
Clearly therefore effective interventional healthcare delivery is not
only dependent on available resource but also on policy decisions
about the priority that should be given to the treatment of CVD.
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These decisions are made almost exclusively at national level in some
healthcare systems such as the UK where government control of
funding ensured the relatively low procedure volumes recorded in
the survey.

An example of how simple shifts in national policy can drive effect-
ive coronary interventional healthcare is provided by Poland where
the development of primary PCl networks 5-10 years ago was asso-
ciated with substantial reductions in mortality of patients with
ST-segment elevation myocardial infarction."” This policy-driven ap-
proach to the management of ST-elevation myocardial infarction no
doubt saved many lives and contributed to our finding that Poland
performed more primary PCl procedures per million people than
any of the 16 countries we surveyed. Poland was also one of only
four countries that achieved the goal of >600 procedures per million
set by EAPCl in its Stent-for-Life initiative.?

The heterogeneity in interventional healthcare that was a key find-
ing of this report reflected variable under-provision of facilities,
person-power, and interventional technology in the countries we
surveyed. Certainly, there was little evidence that the level of service
provision in individual countries was clinically driven. In the case of
CVD, for example, which remains the most common cause of death
across ESC member countries,® mortality was higher in middle-
income countries where interventional activity was generally lower
compared with high-income countries, a paradox enshrined in the in-
verse care law of Tudor Hart."? Only occasionally was there evidence
of responsiveness to national disease prevalence in the provision of
interventional cardiological care, with Egypt reporting rates of mitral
balloon valvuloplasty that exceeded all other countries responding to
our survey, a likely reflection of the continuing high prevalence of
rheumatic heart disease in that country."?

In general, the development in recent years of structural heart
interventions for treatment of valvular heart disease and septal
defects has shown patchy uptake. Percutaneous TAVI is probably the

intervention with the strongest evidence base>'*'®

and implementa-
tion has been encouraged by the EAPCI Valve-for-Life initiative.?
Transcatheter aortic valve implantation programmes have become
established in all of the 16 countries included in our survey although
procedure numbers showed huge variation with near perfect linear
correlation with national GNI per capita. Other structural heart
interventions were performed in small numbers, if at all, in most
countries, with the wealthier countries of western Europe often the
early adopters. Given continuing uncertainty about indications, it
seems entirely appropriate that the expense of procedures such as
percutaneous mitral valve repair and left atrial appendage occlusion
should fall primarily on those high-income countries with the organ-
izational framework necessary for proper evaluation of these new
technologies.

Strengths and limitations

Strengths of this study are the independence of the EAPCI Atlas sur-
vey from commercial bias and its provision of national interventional
statistics that are unavailable from other sources. Limitations include
missing data, and although national infrastructure and human re-
source statistics were 100% complete, procedural statistics were
only 84% complete, ranging from <75% for intracoronary imaging,

mitral balloon valvuloplasty, and atrial septal defect closure to 100%
for PCl and TAVI. Further limitations included uncertainty about the
representativeness of participating countries with respect to ESC
member countries and the precision of data estimates which in many
countries were not available in national registries and were sourced
as necessary by the National Societies. Any such imprecision was like-
ly mitigated by the steps taken to ensure data quality. Last, we did not
capture the procedures for atrial septum defect (ASD) and patent
foramen ovale (PFO) closure, separately. Considering that preva-
lence of ASD is <1%, while that of PFO is about 25% of the general
population, we can assume that large majority of atrial septum clo-
sures consist of PFO closures.'®"” A statistically significant negative
correlation was observed between mortality and rate of diagnostic
cardiac catheterizations, as well as PCI per million people. Although
this might suggest a link between coronary interventions and reduced
mortality, the observational nature of our findings does not allow as-
sumption of a causal relationship.

This is the first presentation of cardiac interventional statistics
from the EAPCI Atlas survey. Furthermore, biennial data collections
are planned with a view to eventual inclusion of all 57 ESC member
countries. This will provide a stimulus for the establishment of nation-
al registries to document interventional infrastructure, procedure
rates and, in the longer term, cardiovascular outcomes. Importantly,
the inequalities in service provision highlighted in this report will pro-
vide a basis for international benchmarking and a stimulus for policy-
makers across ESC member countries to develop interventional
programmes to match the best. This will require prioritizing budget-
ary allocations to CVD recognizing that it remains a major cause of
disability and premature death.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Appendix

EAPCI Atlas manual. Definitions
of the collected variables

Chapter 1. Health care resources with
focus on interventional cardiology

M
)

©)

@)

©)

Country population (millions): Atlas.

Hospitals with catheterization laboratories: Total number of hospitals,

public or private, with one or more catheterization laboratories

performing either diagnostic coronary angiographies or percutan-
eous coronary interventions (PCl), irrespective of whether the
procedure occurs on an ambulatory basis or with overnight stay. If

a hospital has more than one catheterization laboratory, it is

counted as one.

Total catheterization laboratories: Total number of catheterization

laboratories, public or private, performing either diagnostic coron-

ary angiographies or percutaneous cardiovascular interventions

(e.g. PCI, TAVI). Please count the total number of labs, e.g. if a hos-

pital has four catheterization laboratories the answer is four.

Hospitals with catheterization laboratories on 24 h/7 days service: Total

number of hospitals, public or private, with one or more catheter-

ization laboratories performing urgent or primary PCI (pPCl) in
patients with acute coronary syndromes (unstable angina,

NSTEMI, STEMI) 24 h a day, 7 days a week.

Hospitals with catheterization laboratories and on-site cardiac surgery:

Total number of hospitals, public or private, with one or more

catheterization laboratories performing either diagnostic coronary

angiography or PCI, with an on-site cardiac surgery division. Please
do not include the hospitals with remote surgery backup.

Hospitals with catheterization laboratories performing structural heart

disease interventions in the adult: Total number of hospitals, public or

private, with one or more catheterization laboratories performing

percutaneous transcatheter aortic valve implantations (TAVI), mi-

tral and/or tricuspid valve interventions, left atrial appendage

(LAA) closures, patent foramen ovale (PFO) closures, atrial ven-

tricular defects (AVD) closures, or septal ventricular defects

(SVD) closures, with or without on-site cardiac surgery.

Hospitals with catheterization laboratories performing TAVI: Total num-

ber of hospitals, public or private, with one or more catheteriza-

tion laboratories performing percutaneous TAVI, with or without
on-site cardiac surgery.

Interventional cardiologists: Total number of cardiologists able to

perform as first operator either diagnostic coronary angiographies

and/or percutaneous interventions.

Registry on interventional cardiology practice: If one or more national

registries exist collecting data on interventional cardiology (IC)

practice, please describe:

a. the number of these national registries with related starting
date;

b. whether the registry is overarching (e.g. dedicated to the IC
practice in general) or focused on a particular topic (e.g. dedi-
cated to STEMI only, or to vascular scaffolds, etc.);

c. whether there is a quality control of the data included in the
registry(ies) and how this quality control is performed;

d. whether the registry(ies) has(ve) a website (in which case pro-
vide the URL);

(10)

(1m

e. what are the governance arrangements for the registry (e.g.
ownership of the data, who is responsible for the registry,
etc.).

f. % of hospitals with catheterization laboratories included in the
registry(ies).

Working group of interventional cardiology website: Provide the URL if
a website of the interventional working group is available.
Reimbursement policies of the interventional procedures: Describe the
method of reimbursement for:

a. PCl either with balloon only or with stenting.

b. Adjunctive intracoronary imaging (IVUS, OCT, etc.) or physi-
ology devices (flow or pressure wires, etc.).

c. Percutaneous valve interventions.

d. Adult structural heart disease interventions (PFO, ASD, VSD,
LAA closures, etc.).

Chapter 2. Procedures and resources for

coronary interventions

This section aims to collect data on the number and type of coronary
procedures as well as on the resources and equipment used as pro-
vided by the European Working Groups of Interventional Cardiology.

M

@

©)
*

O

(©)
@
®
®)

(10)

(14)

Diagnostic heart procedures: Total annual number of coronary
angiographies and/or diagnostic (left and/or right) heart
catheterization.

PCl: Total number of coronary interventions including balloon
angioplasties, with stent or scaffold implantation, including proce-
dures that use coronary ablation techniques, etc.

Per cent of PCl performed by trans-radial access.

Primary percutaneozus coronary interventions (pPCl): Total number of
coronary interventions performed as first reperfusion therapy in
patients with ST-elevation myocardial infarction (STEMI).

PCl in coronary with chronic total occlusions: Total number of cor-
onary interventions performed in coronary artery chronically
ccluded (for more than 3 months either angiographically docu-
mented or clinically suspected) both with antegrade or retro-
grade approach.

PClin left main (LM) coronary artery: Total number of coronary inter-
ventions performed in ‘unprotected’ LM.

PCl for in-stent restenosis: Total number of any coronary interven-
tions in previously stented coronary segments.

PCl without stent: Total number of coronary interventions without
final stent and/or scaffold implantation.

PCl with drug-eluting balloons: Total number of coronary interven-
tions performed with the use of any kind of drug-eluting balloon.
Coronary stents: Total number of coronary metallic stents
implanted.

Coronary drug-eluting stents: Total number of coronary metallic
drug-eluting stents implanted.

Coronary bio-resorbable vascular scaffolds: Total number of coronary
bio-resorbable vascular scaffolds (polymeric or metallic) implanted.
Adjunctive intracoronary imaging techniques: Total number of
overall coronary procedures (coronary angiography and PCI)
performed with either intravascular ultrasound (IVUS), optical
coherence tomography (OCT or OFDI), near infrared spec-
troscopy (NIRS), etc.

PCl performed with adjunctive intracoronary imaging techniques: Total
number of PCl performed with either intravascular ultrasound
(IVUS), optical coherence tomography (OCT or OFDI), near infra-
red spectroscopy (NIRS), etc.
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(15)

(16)

(17)

(18)

Adjunctive intracoronary physiology measurements: Total number of
overall coronary procedures (coronary angiography and PCl) per-
formed with either coronary flow reserve (CFR), fractional flow
reserve (FFR), instantaneous wave free ratio (iFR), etc.

PCl performed with adjunctive intracoronary physiology measure-
ments: Total number of PCl performed with either CFR, FFR,
iFR, etc.

PCl with rotational or orbital atherectomy: Total number of PCI per-
formed with adjunctive rotational or orbital atherectomy.

Use of hemodynamic support devices: Total number of coronary
angiographies or PCl performed in the catheterization laboratory
with haemodynamic support devices like intra-aortic balloon
pump (IABP), Impella, etc.

Chapter 3. Procedures and resources for

structural heart interventions
This section aims at collecting data on the number and type of percu-

taneous valve and heart procedures performed in adults and also data

on the resources and equipment used, as provided by the European

Working Groups of Interventional Cardiology.

Q)

@)

(10)

()

(12)

Alcohol septum ablations: Total number of percutaneous alcohol
myocardial septum ablation performed in adult patients with left
ventricular hypertrophy.

Mitral balloon valvuloplasties: Total number of percutaneous mitral
valve balloon dilatation performed in adult patients with mitral
stenosis.

Mitral valve repairs: Total number of percutaneous mitral valve re-
pair procedures in adult patients with mitral regurgitation (e.g.
Mitraclip, valve in prosthesis/ring, etc.).

Aortic balloon valvuloplasties: Total number of percutaneous aortic
valve balloon dilatation performed in adult patients.

TAVI: Total number of transcatheter aortic valve implantations
(trans-vascular and trans-apical) performed in adult patients.
Percutaneous TAVI (pTAVI): Total number of percutaneous vascular
aortic valve implantations performed in adult patients.

Peri-valvular leaks closures: Total number of percutaneous procedures
with closing device implantation in peri-valvular prosthesis leaks.
Valve-in-valve percutaneous implantations: Total number of percutan-
eous TAVI in patients with previous aortic bio-prosthesis (valve-
in-valve) or with previous mitral valve ring (valve-in-ring).
Procedure with cerebral embolic protection devices: Total number of
percutaneous procedures (e.g. TAVI, etc.) performed with cere-
bral embolic protection devices.

Atrial septum closures: Total number of percutaneous procedures
performed in adult patients aiming at closing atrial septum defects,
like PFO or atrial septum defect (ASD).

Ventricular septum closures: Total number of percutaneous proce-
dures performed in adult patients aiming at closing ventricular sep-
tum defects (VSD).

LAA occlusions: Total number of percutaneous procedures per-
formed in adult patients aiming at occluding LAA.

References

-

[

w

&

w1

o

~

o

o

-
-

12.
13.

. Vardas P, Maniadakis N, Bardinet |, Pinto F. The European Society of Cardiology

Atlas of Cardiology: rational, objectives, and methods. Eur Heart | Qual Care Clin
Outcomes 2016;2:6-15.

Widimsky P, Fajadet ], Danchin N, Wijns W. "Stent 4 Life" Targeting PCI at All
Who Will Benefit the Most. A Joint Project Between EAPCI, Euro-PCR,
EUCOMED and the ESC Working Group on Acute Cardiac Care.
Eurolntervention 2009;4:555-557.

. Windecker S, Haude M, Baumbach A. Introducing a New EAPCI Programme:

The Valve for Life Initiative. Eurolntervention 2016;11:977-979.

Neumann F-J, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
Byrne RA, Collet J-P, Falk V, Head S, Juni P, Kastrati A, Koller A, Kristensen SD,
Niebauer J, Richter D), Seferovi¢ PM, Sibbing D, Stefanini GG, Windecker S,
Yadav R, Zembala MO; ESC Scientific Document Group. 2018 ESC/EACTS
Guidelines on myocardial revascularization. Eur Heart | 2019;40:87-165.

. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, lung B, Lancellotti

P, Lansac E, Rodriguez Munoz D, Rosenhek R, Sjégren ], Tornos Mas P, Vahanian
A, Walther T, Wendler O, Windecker S, Zamorano JL; ESC Scientific Document
Group. 2017 ESC/EACTS Guidelines for the management of valvular heart dis-
ease. Eur Heart | 2017;38:2739-2791.

Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen SE, Mossialos
EA, Maggioni AP, Kazakiewicz D, May HT, de Smedt D, Flather M, Zuhlke L,
Beltrame JF, Huculeci R, Tavazzi L, Hindricks G, Bax J, Casadei B, Achenbach S,
Wright L, Vardas P; European Society of Cardiology. European Society of
Cardiology: cardiovascular disease statistics 2019. Eur Heart | 2020;41:12-85.
World Bank Data Team. New country classifications by income level: 2016~
2017. https://blogs.worldbank.org/team/world-bank-data-team (December 2019).
Berry KJ, Mielke PW |Jr, Johnston JE. Permutation Statistical Methods: An Integrated
Approach. Cham, CH: Springer-Verlag; 2016

Ariyaratne TV, Yap CH, Ademi Z, Rosenfeldt F, Duffy S, Billah B, Reid CM. A
systematic review of cost-effectiveness of percutaneous coronary intervention
vs. surgery for the treatment of multivessel coronary artery disease in the drug-
eluting stent era. Eur Heart | Qual Care Clin Outcomes 2016;2:261-270.

. Ariyaratne TV, Ademi Z, Hugq M, Rosenfeldt F, Duffy SJ, Parkinson B, Yap CH,

Smith J, Billah B, Yan BP, Brennan AL, Tran L, Reid CM. The real-world cost-ef-
fectiveness of coronary artery bypass surgery versus stenting in high-risk patients:
propensity score-matched analysis of a single-centre experience. Appl Health
Econ Health Policy 2018;16:661-674.

. Janus$ B, Rakowski T, Dziewierz A, Fijorek K, Sokotowski A, Dudek D. Effect of

introducing a regional 24/7 primary percutaneous coronary intervention service
network on treatment outcomes in patients with ST segment elevation myocar-
dial infarction. Kardiologia Polska 2015;73:323-330.

Tudor Hart . The inverse care law. Lancet 1971;297:405-412.

Sorour KA. Rheumatic heart disease in Egypt: gloomy past and promising future.
Egypt Heart | 2014;66:139-142.

Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, Thourani
VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D, Cohen D], Pichard AD,
Kapadia S, Dewey T, Babaliaros V, Szeto WY, Williams MR, Kereiakes D,
Zajarias A, Greason KL, Whisenant BK, Hodson RW, Moses JW, Trento A,
Brown DL, Fearon WF, Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC,
Webb ]JG; PARTNER 2 Investigators. Transcatheter or surgical aortic-valve re-
placement in intermediate-risk patients. N Engl | Med 2016;374:1609—1620.

. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, Kapadia SR,

Malaisrie SC, Cohen D), Pibarot P, Leipsic ], Hahn RT, Blanke P, Williams MR,
McCabe |JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P,
Pershad A, Pocock §), Alu MC, Webb ]G, Smith CR; PARTNER3 Investigators.
Transcatheter aortic-valve replacement with a balloon-expandable valve in low-
risk patients. N Engl | Med 2019;380:1695-1705.

. Wu MH, Chen HC, Lu CW, Wang JK, Huang SC, Huang SK. Prevalence of con-

genital heart disease at live birth in Taiwan. | Pediatr 2010;156:782-785.

Hagen PT, Scholz DG, Edwards WD. Incidence and size of patent foramen ovale
during the first 10 decades of life: an autopsy study of 965 normal hearts. Mayo
Clin Proc 1984;59:17-20.

0202 Jaquieoa(] Z0 Uo Jasn saueiqi] usana NM Aq L1S2985/6.252/.2/ L v/eionie/luesyina/woo dno-olwspese//:sdny woJj papeojumoq


https://blogs.worldbank.org/team/world-bank-data-team

	tblfn1
	app1

