DANISH SOCIETY OF CARDIOLOGY

| %

Denmark: coronary and structural heart interventions from

2010 to 2015

Hans-Henrik Tilsted'*, MD; Ole Ahlehoff', PhD; Christian J. Terkelsen?, MSc; Frants Pedersen', PhD;
Cengiz Ozcan’, MD; Troels H. Jorgensen', MD; Jens E. Nielsen-Kudsk?, MSc; Jan Ravkilde*, MSc;
Henrik Nissen®, PhD; Sune A. Pedersen®, PhD; Ole Havndrup’, PhD; Jens F. Lassen'?, PhD;

on behalf of the Danish Working Group on Interventional Cardiology

1. The Heart Centre, Rigshospitalet, Copenhagen, Denmark; 2. Department of Cardiology, Aarhus University Hospital, Skejby,
Denmark; 3. Danish Heart Registry, 4. Department of Cardiology, Aalborg University Hospital, Aalborg, Denmark;

5. Department of Cardiology, Odense University Hospital, Odense, Denmark; 6. Department of Cardiology, Gentofte University
Hospital, Gentofte, Denmark; 7. Department of Cardiology, Roskilde Hospital, Roskilde, Denmark

Abstract

Interventional cardiology in Denmark has been carried out since
the mid 1980s. Interventional cardiology is only performed at
a few high-volume centres. Healthcare coverage is universal
and is essentially free of charge. Hospitals are mostly publicly
owned and financed by fixed budgets and, in part, an activity-
based funding system. Approximately 30,000 coronary angiogra-
phies (CAG), 10,000 percutaneous coronary interventions (PCls)
of which approximately 25% are primary PClIs, and 500 trans-
catheter aortic valve implantations (TAVIs) are carried out each
year. The numbers of CAG and PCI have reached a plateau in
recent years, whereas structural heart interventions, in particular
TAVI, are increasing. Around 90% of all patients treated with PCI
have a stent implanted, with more than 95% of these being drug-
eluting stents. There is a low but increasing use of bioabsorbable

scaffolds and drug-eluting balloons.

Demographics and organisation
Interventional cardiology in Denmark has been carried out since
the mid 1980s and has only been performed at a few high-volume

centres. Since the late 1990s it has been mandatory for the interven-
tional institutions to report their activity in two separate databases
covering east (Web-PATS) and west Denmark (Western Denmark
Heart registry [WDHR]), respectively. These databases contain all
data on interventional procedures. Data on activity, mortality and
complications are merged into a common Danish database (Danish
Heart Registry [DHR]) supported by the Danish Health Authority,
in order to supervise quality and facilitate research.

The joint European Society of Cardiology (ESC) and European
Association of Cardiothoracic Surgery (EACTS) guidelines on
coronary revascularisation were recently published' and endorsed
by the Danish Society of Cardiology with minor changes, thus
securing uniform adoption and performance of interventional pro-
cedures throughout the country.

In Denmark, healthcare coverage is universal and is essentially
free of charge. Hospitals are mostly publicly owned (approxi-
mately 99%), administered by the five regions, and financed by
fixed budgets and, in part, an activity-based funding system.

Every interventional centre has a representative in the national
working group on interventional cardiology. The working group
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participates in the different initiatives arising from the European
Association of Percutaneous Cardiovascular Interventions
(EAPCI).

There are three levels of institution performing interventional
procedures: centres only performing coronary angiographies
(CAQG) (six institutions), so-called CAG satellites; centres only
performing planned percutaneous coronary intervention (PCI)
(two institutions); and highly specialised heart centres (four insti-
tutions) performing both primary PCI and elective PCI. According
to the Danish Health Authority, a highly specialised heart cen-
tre needs a 24/7/365 presence from specialists in cardiology and
cardiothoracic surgery, the presence of collaborating specialties,
including intensive care units, teaching and educational abilities,
performance of no fewer than 1,000 annual PCI procedures, and
the ability to assess and perform complex and/or high-risk pro-
cedures. In addition, these centres should have multidisciplinary
Heart Teams to aid decision making in patients with complex car-
diovascular disease.

By law, patients are guaranteed a medical workup within one
month. In patients with suspected stable coronary artery disease,
the Danish regions are urged to guarantee a diagnostic evalua-
tion within two weeks. Patients hospitalised with a non-ST-ele-
vation myocardial infarction or unstable angina are referred for
CAG within 48 hours. After the results of the DANAMI 2 trial?,
primary PCI for ST-elevation myocardial infarction (STEMI) was
immediately implemented as standard therapy, wherefore patients

Table 1. Coronary interventions between 2010 and 2015 in Denmark.

Femoral/radial access, n (%)

presenting with STEMI are evaluated with a dedicated prehospital
triage programme and transferred immediately by ground or air
transport to the nearest primary PCI centre. The programme has
been described previously?.

Approximately 30,000 CAG and 10,000 PCIs are performed in
Denmark each year (Table 1).

Each PCI centre has between five and ten fully trained PCI oper-
ators and one to four interventional fellows in training. There is
no certified programme in interventional cardiology in Denmark,
though all interventional cardiologists must be National Health
Board certified cardiologists. All trained PCI operators have been
trained in two different PCI centres to become a senior opera-
tor. Two years ago the national working group on interventional
cardiology agreed that future Danish PCI operators should all fol-
low the EAPCI web-based educational programme to become cer-
tified interventional operators®,

For many years the Danish heart centres have had a broad inter-
national interventional cooperation, with young fellows working
abroad as part of their training and international fellows invited to
develop their skills in Denmark.

Structural heart interventions, including but not limited to trans-
catheter aortic valve implantation (TAVI), percutaneous mitral
valve repair, and device closure of atrial septal defects and left
atrial appendage, are performed at the four highly specialised heart
centres. In general, structural heart interventions are carried out

by interventional cardiologists involved in both PCI and structural

2010 2011 2012 2013 2014 2015
87/13 88/12 84/16 81/19 78/22 73127

Coronary angiography (total), n

5,025 5,040 5,191 5,227 5,299 5,364

PCI (total), n 1,663 1,692 1,693 1,672 1,694 1,832
Primary PCI, n 309 390 403 400 404 433
PCl in CTO, n 117 127 103 107 100 136
PCl in unprotected LM, n 30 88 88 85 42 58
PCI for in-stent restenosis, n 102 114 124 118 122 139
Average PCI per cathlab, n 1,566 1,593 1,594 1,574 1,595 1,725
Average PCI per operator, n 224 228 228 225 228 246
PCI without stent, n 176 234 220 204 193 199
Total PCI with DEB, n 24 52 63 64 85 64

Total PCI with stent, n

1,487 1,458 1,473 1,467 1,501 1,633

Total PCI with DES, n

1,143 1,313 1,352 1,389 1,426 1,603

Total PCI with BRS, n 0 0 3 5 12 21
Total IC imaging techniques (IVUS, OCT, NIRS, etc.), n 235 228 243 217 224 205
Total IC flow/pressure techniques (CFR, FFR, iFR, etc.), n 237 317 399 422 473 571
Total rotational or orbital atherectomy, n 14 16 15 19 13 21
Haemodynamic support devices (IABP, Impella, LVAD, etc.)*, n 10 17 19 9 9 10

All numbers are given as number of procedures/Mio inhabitants (5,650,000). *Both as stand-alone or during complex interventions (e.g., TAVI).
BRS: bioresorbable scaffold; CFR: coronary flow reserve; CTO: chronic total occlusion; DEB: drug-eluting balloon; DES: drug-eluting stent;

FFR: fractional flow reserve; IABP: intra-aortic balloon pump; iFR: instantaneous wave-free ratio; IVUS: intravascular ultrasound; LM: left main;
NIRS: near-infrared spectroscopy; OCT: optical coherence tomography; PCl: percutaneous coronary intervention




interventions but in one centre they are carried out by a dedicated
structural heart interventions team. Until recently, structural heart
interventions related to congenital heart disease and children were
performed in both western and eastern Denmark. However, due
to a decreasing number of procedures, these structural interven-
tions in children, including open heart surgery, are now performed
exclusively in one large specialised heart centre.

Coronary interventions

In recent years, the number of CAG has reached a plateau at
around 30,000 procedures a year. From 2010 to 2015 there was
a small increase in the number of PCls performed (from 9,847
in 2011 to 10,662 in 2015) and the number of coronary artery
bypass grafts (CABG) has been stationary at around 2,000 proce-
dures per year. The revascularisation rate (PCl/angiography) has
remained almost unchanged over the period, with approximately
33% of the angiographies resulting in a PCI procedure. This fig-
ure is higher than that previously reported in Ireland (2004 to
2011)%, where the revascularisation rate had decreased to 27.9%.
The reason for the higher rate might be due to non-invasive test-
ing being used frequently before referring patients suspected for
stable angina to coronary angiography. The proportion of revas-
cularised patients in the setting of stable angina, non-ST-elevation
acute coronary syndromes (NSTEACSs), and STEMI is stationary
and equally distributed across the three patient groups. The adop-
tion of radial access as the preferred access route for interventional
procedures is increasing, though the femoral approach is still used
in the majority of interventions. However, the use of the radial
access more than doubled between 2010 and 2015. This evolution
is expected to continue, making the radial approach the preferred
access route in the near future as new generations of interven-

tionalists are entering the field. Indeed, all fellows and recently

Denmark

trained operators are using radial access as the primary access
site for their procedures. Fractional flow reserve (FFR) measure-
ments are increasingly applied and are now used in approximately
40% of non-primary PCIs. The use of intracoronary imaging has
essentially remained unchanged in the time period. All highly spe-
cialised centres started a CTO programme around 2010, such that
the number of CTO PCIs performed in the period from 2010 to
2015 remained unchanged, with the proportion of CTO PClIs being
around 25% of the total number of PCIs. Importantly, the central-
ised organisation of interventional cardiology is mirrored by the
number of procedures per catheterisation laboratory and per inter-
ventional cardiologist. Indeed, a very high proportion of Danish
interventionalists may be characterised as high-volume operators.

Most PCls result in stent implantation with a very high propor-
tion of drug-eluting stents versus bare metal stents. Drug-eluting
balloons and bioabsorbable vascular scaffolds are only used in

a very small proportion of revascularisations.

Structural heart interventions

In the period from 2010 to 2015 there was a marked increase in
the total number of structural interventions (Table 2). Indeed,
TAVI procedures tripled (from 163 in 2010 to 527 in 2015) and
LAA closure procedures have increased ninefold to a total of
79 in 2015. Importantly, femoral TAVI implantations have for
several years mainly been performed under local anaesthesia.
Patent foramen ovale closure was carried out more frequently
in 2014 and 2015, whereas only minor changes in closure of
atrial septum defects (ASDs) and ventricular septal defects
(VSDs) were observed. Likewise, the number of percutaneous
mitral valve interventions (MitraClip® [Abbott Vascular, Santa
Clara, CA, USA] and balloon valvuloplasty) remained essen-
tially unchanged.

Table 2. Structural heart interventions between 2010 and 2015 in Denmark.

2010 2011 2012 2013 2014 2015
Alcohol ablation, n 4 4 6 8 5 4
Mitral balloon valvuloplasty, n 0 2 3 1 0 2
MitraClip procedure, n 0 b 8 5 6 5)
Other percutaneous mitral valve interventions n.a. n.a. n.a. n.a. n.a. n.a.
Aortic balloon valvuloplasty, n 1 1 1 2 3 2
Total TAVI, n 38 44 53 60 67 93
Transfemoral TAVI, n 28 35 42 48 52 75
Valve-in-valve percutaneous implantation, n n.a. n.a. n.a. n.a. n.a. n.a.
Perivalvular leak closures, n 0 0 1 0 1 1
Cerebral embolic protection device during TAVI, n n.a. n.a. n.a. n.a. n.a. n.a.
PFO closure (adults), n 4 6 4 6 7 10
ASD closure (adults), n 17 18 19 18 14 IS
VSD closure (adults), n 0 0 0 1 0 0
LAA closure (adults), n 2 1 3 9 12 14
All numbers are given as number of procedures/Mio inhabitants (5,650,000). ASD: atrial septal defect; LAA: left atrial appendage; n.a.: data not
available; PFO: patent foramen ovale; TAVI: transcatheter aortic valve implantation; VSD: ventricular septal defect
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Perspectives

In conclusion, the Danish set-up of a few high-volume inter-
ventional centres has seen the numbers of CAG and PClIs reach
a plateau in recent years, whereas structural heart interventions,
in particular TAVI, are increasing. This is in accordance with
the general expectation of only a small increase in the num-
ber of coronary interventions, but with a movement towards
more complex interventions in an ageing patient population,
and a marked increase in structural heart interventions in years

to come.
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