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Summary

During the last years, the numbers of interventions in struc-
tural heart disease such as transcatheter aortic valve im-
plantation (TAVI), percutaneous treatment of mitral regur-
gitation using the MitraClip, closure of atrial septal defects
(ASD) and others have constantly increased. While the
20th century was called the century of surgery, it appears
that the present century might be the century of minimally
invasive percutaneous therapy. The reduced invasiveness
of these procedures and the success in elderly patients
make these treatments increasingly attractive for younger
and healthier patients. Now that these procedures are mov-
ing forward, some questions arise, namely, who is deciding
on treatment modality, and can we afford it?
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Introduction

Structural heart disease consists of congenital conditions
such as complex congenital heart disease, patent foramen
ovale (PFO), ASD, ventricular septal defects (VSD), and
hypertrophic obstructive cardiomyopathy (HOCM), and
conditions which are acquired during life such as dysfunc-
tions of the native aortic and mitral valves and paravalvu-
lar leaks following valve replacement. A special entity is
the left atrial appendage, which actually is a normal cardi-
ac structure; however, since it may be the source of emboli
in atrial fibrillation, it represents a possible target for inter-
ventional treatment.
Traditionally, the gold standard in the treatment of structur-
al heart disease has been open heart surgery. However, due
to the ease of interventional therapy and the often increased
perioperative risk, catheter-based treatment has become a
real alternative in many conditions. In parallel, economic
aspects have become more and more important.
Costs normally include the costs of the initial treatment and
all follow-up therapies as well as the costs of all future
events, while effectiveness is measured by quality of life-
adjusted life years gained (QUALY) [1]. Cost-effectiveness
analysis includes the comparison of two or more therapies

with calculation of incremental cost-effectiveness ratios
(ICER). ICER are defined as the difference in costs
between two therapies divided by the difference in QALYs
and are expressed as a certain sum per QUALY which is
the value of a therapy in comparison to another. If the ICER
are smaller than the so-called willingness-to-pay threshold,
the therapy is deemed cost-effective. Most countries do not
make explicit statements about their willingness-to-pay ra-
tios. However, common willingness-to-pay ratios are $US
50,000 in the United States and £20,000 to £30,000 in
Great Britain. In the case that one therapy is both more ef-
fective and cost saving than the other, it is called “domin-
ant”.
In the following, we will review the most frequent inter-
ventional treatments in structural heart disease, i.e., TAVI,
MitraClip, PFO and ASD closure, and left atrial appendage
(LAA) occlusion, with special focus on costs and cost-ef-
fectiveness.

Transcatheter aortic valve
implantation (TAVI)

TAVI has been proven highly effective in patients with
severe aortic valve stenosis who are not candidates for
open-heart surgery [2–5]. TAVI is often performed in pa-
tients who are operable but at high surgical risk due to a
prior open heart surgery, a severely calcified or porcelain
aorta, chronic kidney disease, a low ejection fraction, or

Figure 1

Cumulative 1 year costs of TAVI and SAVR in the PARTNER trial in
USD.
Procedural costs were generally higher with TAVI, mainly due to the
higher costs of the implant and personnel. However, non-
procedural costs were lower with TAVI, mainly due to the shorter
hospitalisation period.
TAVI = transcatheter aortic valve implantation; TF = transfemoral;
SAVR = surgical aortic valve replacement; TA = transapical
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lung disease [6, 7]. The randomised Placement of AoRTic
TraNscathetER Valve Trial (PARTNER) A trial has in-
cluded such high-risk patients and showed that mortality
after TAVI and surgical aortic valve replacement (SAVR)
was relatively equal (3.4% vs 6.5% after TAVI and SAVR,
respectively, p = 0.07) [6]. However, the combined rate of
stroke and transitory ischaemic attacks was significantly
higher after TAVI at 30 days (5.5% vs 2.4%, p = 0.04),
but there was no difference in strokes at 3 years follow-
up (8.2% vs 9.3%, p = 0.76) [8]. In the recently published
U.S. CoreValve Study, TAVI was associated with a signi-
ficantly higher survival rate at 1 year (85.8%) than SAVR
(80.9%, p = 0.04), and the rate of strokes at 1 year was
8.8% in the TAVI group and 12.6% in the SAVR group (p
= 0.10) [9]. Other complications after TAVI include para-
valvular leaks (moderate in about 10% of patients), vascu-
lar injury (major vascular complications in about 10% of
patients), and need for permanent pacemaker (about 25%
of patients with self-expanding valves and about 8%–15%
of patients with balloon-expandable valves) [7]. Encour-
aged by trial results and by personal and institutional ex-
perience, many physicians started performing TAVI in se-
lected moderate or low-risk patients. Preliminary studies
have shown that improved results may be anticipated from
such patients [10]. Such lower risk patients are generally
younger and have a longer life expectancy. Therefore, dur-
ability of the transcatheter heart valve becomes an issue,
and complications such as stroke, paravalvular regurgita-
tion, and need for a permanent pacemaker need to be min-
imised. Currently, there are many new transcatheter valves
on a rapidly evolving market.
There is general agreement that TAVI has a learning curve,
and this may be on a personal as well on an institutional
basis. On the other hand, SAVR is a mature procedure that
has been performed for more than five decades. Indeed, the
first SAVR was reported in 1960, 42 years before the first
TAVI procedure [11, 12]. Cardiac surgeons have made im-
portant advances in operative techniques and postoperative
care, and biomedical engineers and cardiac surgeons have
improved prosthetic valves [13]. These improvements res-
ulted in a drop in mortality and major complications from
25%–50% to currently 1%–3% [14]. In light of such ex-

Figure 2

Reimbursement and costs of TAVI in Switzerland 2012–2014.
The case weight for TAVI in Switzerland was 9,707 in 2012, 9,795
in 2013, and decreased to 7,159 in 2014. The case weight will
further decrease to 6,216 in 2015. Between 2012 and 2014, costs
for intensive care unit, nursing, physiotherapy, and other costs were
reduced, but procedural costs including costs for the implant
remained relatively unchanged (example of the Cantonal Hospital
Lucerne). Median hospital stay decreased from 9 days (2012) to 7
days (2014). *January – June 2014.

cellent outcomes with open heart surgery, it is not prudent
to reduce invasiveness at the cost of a higher complication
rate. In our opinion, TAVI should generally be performed
in higher risk patients only. TAVI in moderate risk patients
should be restricted to experienced centres with good out-
comes in higher risk patients, the benchmark of which be-
ing the local SAVR outcomes. Results may not need to be
entirely equivalent, but at least, they should be similar.
Currently, the Edwards SAPIEN valve (Edwards Lifescien-
ces, Irvine CA, USA) and the CoreValve (Medtronic, Min-
neapolis MN, USA) are the only transcatheter valves with
Food and Drug Administration (FDA) approval. Follow-
ing publication of the PARTNER trial, TAVI for inoper-
able and high-risk patients was reimbursed in the United
States at the same rate as open heart surgery [15]. Reim-
bursement varies between $US 32,000 and $US 94,000
based on the geographic area (average around $US 40,000
– $US 45,000), and also depends on patient comorbidities
and complications. However, the implant kit including the
SAPIEN valve, the balloon for predilatation, and the sheath
costs about $US 32,500. Thus, reimbursement does not
cover the costs of TAVI in many hospitals in the United
States [16]. In Switzerland, reimbursement in 2014 is
around CHF 72,000 for TAVI and CHF 43,000 for SAVR.
Implant costs for the Edwards SAPIEN 3 kit are approxim-
ately CHF 32,000, whereas the price for a surgical aortic
valve bioprosthesis is approximately CHF 3,000.
Several cost-effectiveness analyses have been performed
to compare TAVI to medical therapy and to SAVR. Com-
pared to medical therapy, different analyses calculated the
ICER from $US 26,302 to $US 61,889 per QALY in inop-
erable patients included in the PARTNER study [17]. Com-
pared to SAVR, overall costs of TAVI were still higher,
mainly due to the higher implant price. This difference was
not outweighed by the shorter intensive care unit and hos-
pital stay, and lower expenditure on blood products [17,
18]. However, a cost-effectiveness analysis based on the
PARTNER data showed that transfemoral TAVI compared
quite favourably to SAVR. Average total 12 month costs
were $US 96,743 with transfemoral TAVI compared to
$US 97,992 with SAVR. Of note, TAVI patients reported a
better quality of life and had a slightly better life expect-
ancy resulting in an ICER <$US 50,000/QALY as long as
the difference in the device costs remained <$US 29,390
[19]. Transapical TAVI compared a bit less favourable to
SAVR and would be economically attractive only if the
difference in valve acquisition costs was less than $US
11,324 (fig. 1) [19]. However, the PARTNER study was
conducted with the SAPIEN valve requiring large sheaths
for transfemoral (and transapical) access. Furthermore, ex-
perience was limited in all centres. Some European centres
have published lower costs for TAVI hospitalisations (e.g.,
€ 35,164 in France, € 35,841 in Italy, € 38,739 in Belgium)
[20–22]. In these countries, the main drivers for costs in
TAVI were costs for the valve, access routes other than
transfemoral, implantation of a second valve, implantation
of a permanent pacemaker, and vascular complications.
According to these studies, costs may be reduced by lower
prices for the valve, inclusion of lower risk patients, and
with increasing experience through avoidance of complic-
ations and shortening of the hospitalisation time.
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Percutaneous mitral valve repair
(MitraClip)

Transcatheter mitral valve repair with the MitraClip device
(Abbott Vascular, Santa Clara CA, USA) is a novel treat-
ment option in surgically high-risk patients with severe
structural or degenerative mitral regurgitation. Based on
the strictly venous approach and the continuous functional
control during intervention, complication rates usually are
low and results good.
The system has been tested in the Endovascular Valve
Edge-to-Edge Repair Studies (EVEREST) trial programme
against mitral valve surgery in high-risk surgical patients
[23] or against medical therapy in patients without surgical
option [24]. The data shows that, by reducing mitral regur-
gitation, MitraClip improves heart failure symptoms and
quality of life without severe side effects. This finding has
been corroborated in real world practice by numerous na-
tional and international registries that have documented the
efficacy and safety of the technique [25–30]. Until now,
>10,000 patients have been treated with the device world-
wide.
Data on the cost-effectiveness of MitraClip is sparse. It has
been tested against medical therapy in a subgroup analysis
of the EVEREST II high-risk study [31] in patients ineli-
gible for conventional surgery [32]. The authors found that
MitraClip had incremental QUALY gains of 0.48 and 2.04
over 2 and 10 year periods, respectively, compared to med-
ical therapy. The ICER at 2 and 10 years were £ 52,947 and
£14,800 per QUALY gained, respectively. The main cost
drivers in the model were implant costs, short-term hospit-
alisations, and background medication, which was higher
due to the longer survival associated with MitraClip treat-
ment. At the thresholds used by the National Institute for
Health and Clinical Excellence (NICE), the probability that
MitraClip is cost-effective was 37% (£20,000) and 93%
(£30,000), respectively. Therefore, MitraClip was con-
sidered cost-effective, mainly dependent on the length of
the time model used and insensitive to device and proced-
ure costs. However, no comparison of the costs against sur-
gery is available in this high-risk population.
In most European countries, MitraClip is commercially
available, but funding may be insufficient. In the United
States, the device has been approved by the FDA but there
is currently no reimbursement. As in Germany, a
MitraClip-specific disease-related group (DRG) budget has
been established in Switzerland, which is high enough to
cover the costs of the intervention. Reimbursement for Ger-
many for 2014 is € 31,659 (base rate of € 3’157) and for
Switzerland CHF 49,533 (base rate of CHF 9,500), with
current costs for the device of approximately CHF 30,000.

Closure of PFO and ASD

Both PFO and ASD are defects of the interatrial wall of
the heart. PFO is a remnant of the foetal communication
between the vena cava inferior and the left atrium, where
oxygenated blood is bypassing the foetal lungs [33].
Normally, the two septa fuse, with approximately 20% of
humans experiencing persisting patency. Despite the fact
that most PFO are innocent, there is an established associ-

ation between PFO and cryptogenic stroke, migraine, and
headache [34, 35]. However, clinical trials in PFO closure
have shown non-conclusive results. In patients with cryp-
togenic stroke, only three randomised trials have been per-
formed so far using the STARFlex septal closure system
(NMT Medical Inc., Boston MA, USA) in one and the
AMPLATZER PFO occluder device (St. Jude Medical, St.
Paul MN, USA) in two [36–38]. While meta-analyses in-
cluding both devices show at least a strong tendency to-
ward a benefit [39–41], a recent publication showed that
PFO closure is able to reduce the incidence of strokes when
only AMPLATZER PFO occluder devices were used, prob-
ably due to higher rates of thrombosis and atrial fibrillation
with the STARFlex device [42]. In contrast to PFO, ASD is
one of the most common forms of congenital heart disease
presenting in adulthood. There are different forms of ASD,
with the ostium secundum type accounting for approxim-
ately 75% of all ASD [33]. From the pathophysiological
standpoint, ASD may lead to an equalisation of pressures in
the left and right atria, left-to-right shunting, volume over-
load of the right-sided structures, atrial flutter or fibrilla-
tion, and finally to pulmonary hypertension which forms
an important prognostic factor for the patients [33]. Ostium
secundum defects usually can be treated interventionally,
while other defects such as ostium primum defects, sinus
venosus defects, and coronary sinus defects are subjects of
surgical closure.
Currently, most ASD and PFO are closed by interventional
techniques, except for large ASD >38 mm or ASD with in-
sufficient septal rims [33]. The intervention is considered
low-risk and usually shows good results. While clear in-
dications for ASD closure exist, there is no such thing
for PFO closure. ASD should be closed when right atrial
or ventricular enlargement is present, or when cryptogenic
strokes or orthodeoxia-platypnoea occur [43]. However,
PFO closure is still an off-label use in many countries.
Accordingly, cost-effectiveness calculations have been per-
formed for ASD closure only. In one of the largest ana-
lyses, data from the province-wide Québec Congenital
Heart Disease Database were analysed and showed a re-
duction of five years costs from $CDN 15’304 with surgery
to $CDN 11,060 with the interventional approach which
was going along with a higher effectiveness [44]. There-
fore, interventional ASD closure was deemed a dominant
strategy with 80% cost savings and higher effectivity when
compared to surgery.
While PFO closure is still an off-label indication in the
United States, reimbursement is similar for ASD and PFO
closures in most countries throughout Europe. DRG is €
7,406 (base rate € 3,157) in Germany and CHF 14,554
(base rate CHF 9,500) in Switzerland.

LAA occlusion

The LAA is the relict of the embryonic left atrium and rep-
resents the main origin of cardiac thrombi. While in sinus
rhythm, it is contracting and emptying regularly towards
the left atrium, slower flow velocities in atrial fibrillation
allow for the formation of thrombi, which carry the risk
for embolic stroke. Therefore, in most patients with at-
rial fibrillation oral anticoagulation, which decreases the
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risk of stroke by approximately 60% [45], is indicated de-
pendent on their underlying CHA2DS2–VASc score [46].
However, many patients with an indication for oral antico-
agulation cannot be treated with vitamin K-antagonists or
the novel oral anticoagulants, e.g., the direct thrombin in-
hibitor or the selective factor Xa inhibitors, because they
are either at a higher risk of bleeding dependent on their
HAS-BLED score [47] or non-compliant to therapy. In
these patients with non-valvular atrial fibrillation but relat-
ive or absolute contraindications against oral anticoagula-
tion, interventional closure of the LAA may be an option to
reduce the risk of strokes by excluding it from the circula-
tion. LAA occlusion was given a class IIb indication by the
European Society of Cardiology [48].
Early clinical studies using the Percutaneous Left Atrial
Appendage Transcatheter Occlusion (PLAATO) device
have shown that interventional LAA occlusion is feasible
and can be performed at an acceptable risk level [49–51].
The randomised Watchman Left Atrial Appendage System
for Embolic Protection in Patients with Atrial Fibrillation
(PROTECT-AF) clinical trial [52] showed the noninferi-
ority of LAA occlusion against warfarin [53]. While the
primary efficacy endpoint, i.e., occurrence of ischaemic or
haemorrhagic stroke, cardiovascular or unexplained death,
or systemic emboli within up to three years, was similar
in both the device and the medical therapy groups, rates
in the primary safety endpoint were higher in the device
group. Complications were pericardial effusion and device
embolisations with much lower rates in the later Continued
Access Protocol registry that enrolled patients in the same
centres using the same protocol as in PROTECT-AF [54]
and the Prospective Randomized Evaluation of the Watch-
man LAA Closure Device in Patients With Atrial Fibrilla-
tion Versus Long Term Warfarin Therapy (PREVAIL) [55],
suggesting that increasing experience and device modific-
ations to increase safety are important in decreasing com-
plication rates. Other studies such as the ACP trial are un-
der way [56].
Cost-effectiveness of interventional LAA occlusion has
been analysed in only one publication. Singh et al. [57]
analysed data from the Randomized Evaluation of Long-
term Anticoagulation Therapy (RE-LY) trial [58] that com-
pared dabigatran against warfarin, and from PROTECT-AF
[53]. While ischaemic strokes were similar in all treat-
ment groups, there was an overall reduction of bleeding
with interventional LAA occlusion. Compared with war-
farin, there was an ICER of $CDN 41,565 for intervention-
al LAA occlusion, with cost-efficacy in 43% of simulations
using a willingness-to-pay threshold of $CDN 50,000 and
in 47% of simulations using a willingness-to-pay threshold
of $CDN 100,000. Of note, dabigatran therapy was domin-
ated by interventional LAA occlusion because dabigatran
was more expensive per additional unit of effectiveness.
Reimbursement of interventional LAA occlusion does not
exist in many European countries and is still an off-label
use in the United States. In Germany and Switzerland, there
is a DRG code with a reimbursement in 2014 of € 9,669
(base rate € 3,157) and CHF 16,483 (base rate CHF 9,500),
respectively.

Who is deciding?

During the last years, the concept of the “Heart Team” has
been promoted during teaching sessions and international
conference meetings. The idea behind the heart team is that
an interdisciplinary team of cardiac surgeons, cardiologists,
and also anaesthesiologists or geriatricians decides if a pa-
tient with structural heart disease should be treated with
surgery, interventional treatment, or medical therapy only.
While the heart team approach applies for more complex
interventions such as TAVI, MitraClip, and ASD closure,
more simple interventions such as PFO or LAA closure re-
main purely interventional. For patients with severe symp-
tomatic aortic stenosis, one end of the spectrum is currently
the USA, where two cardiac surgeons have to agree in-
dependently, before TAVI can be offered to a patient. In
Europe, decisions are made more liberally. In Germany,
which is probably at the other end of the spectrum, more
than 50% of patients with severe aortic stenosis are cur-
rently treated with TAVI, while other industrialised coun-
tries are somewhere between. In Switzerland, the TAVI rate
is not as high as in Germany, but TAVI saw a gradual in-
crease from 2008 (127 procedures) to 2013 (650 proced-
ures). At the same time, the number of SAVR remained re-
latively unchanged at 1,500 per year. In other fields, there
are similar developments.
Patients cannot always judge if an operation or an inter-
vention was performed properly, but they always remember
how much discomfort they had, and how long their hospital
stay and recovery period was. They will ask their general
practitioners and cardiologists: Can I go home after one
week? When can I return to my daily life? Do I need re-
habilitation? There may be an inherent disconnect between
what patients want in regards to therapeutics and what
surgery can typically deliver [59]. Intuitively, patients are
looking for treatment modalities that are minimally in-
vasive and have a short recovery period. In the media,
new treatment technologies are often presented in 5–10
minutes, possibly showing a successfully treated patient
and how the technology works. This short time simply is
not enough to emphasise all the possible pros and cons of a
new treatment. In our experience, general practitioners and
also non-interventional cardiologists are more conservat-
ive with new treatment modalities, probably because they
know about the good results of the established treatment.
There is currently no doubt that the Heart Team should
make the decision taking into account the preference of
the patient and the referring physician. However, in clinical
practice, many patients are already primed towards one
treatment modality, most often interventional. To allow
correct decision making, heart surgeons should see poten-
tial candidates in person and talk to them before the meet-
ing takes place. However, this can be very challenging
to implement in clinical practice. Last but not least it is
important to remember that treatment options for patients
with structural heart disease are not only surgery and inter-
ventional treatment, but also medical management in some.
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Can we afford it?

Innovation in the diagnosis and treatment of disease is a
key driver of healthcare expenditure growth, mainly for
two reasons [60, 61]. A new procedure may be less invas-
ive or safer – as a consequence, the procedure is performed
more frequently and becomes more widely available. A
new procedure may also cost more due to more expens-
ive materials and techniques used. TAVI for example is less
invasive than SAVR and thus more attractive, resulting in
more patients with severe aortic stenosis undergoing treat-
ment. However, the price for a transcatheter valve is higher
than for a surgically implanted bioprosthesis, and generates
up to 50% of the total hospitalisation costs in many centres.
Prices of the TAVI devices have already been lowered dur-
ing the last 5 years (in Switzerland by about 10%–15%)
and will certainly further decline due to increasing numbers
of TAVI procedures performed, but also due to the increas-
ing number of competitors. A reduction of valve prices
would improve economic feasibility of TAVI [20–22].
Innovation is not the only reason why healthcare costs con-
tinue to rise. Other important factors may include demo-
graphic trends, lifestyle changes in industrialised countries
with its consequences (e.g., obesity, diabetes), increased
costs for healthcare administration, or the lack of well-de-
veloped competitive healthcare markets [62]. For all these
reasons, it can be expected that health care costs will con-
tinue to rise [63]. However, whether society is able or will-
ing to pay such costs, is a more political than medical de-
cision.
Innovative ideas and products are essential for further pro-
gress in medicine, and sometimes, interventions or opera-
tions have to be performed even without having evidence.
It is important that these innovations are performed accord-
ing to the best clinical practice and according to the ethical
rules. In our opinion, off-label use of devices is a medical
reality but should always be performed as part of a study or
registry. Particularly, it is important to avoid “overuse” of
new procedures and diagnostic modalities.

Conclusion

Interventional treatment in structural heart disease is a rap-
idly evolving technique that has overcome surgery in many
indications already. The ease of utilisation, high efficacy,
low complication rates, short recovery times and lucrative
reimbursement will further challenge surgery for the treat-
ment of severe aortic stenosis and mitral regurgitation in
the upcoming years. However, assessment of the patient
within the Heart Team is essential, and surgery will remain
the gold standard for many complex cases where interven-
tional treatment is not possible.
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Figures (large format)

Figure 1

Cumulative 1 year costs of TAVI and SAVR in the PARTNER trial in USD.
Procedural costs were generally higher with TAVI, mainly due to the higher costs of the implant and personnel. However, non-procedural costs
were lower with TAVI, mainly due to the shorter hospitalisation period.
TAVI = transcatheter aortic valve implantation; TF = transfemoral; SAVR = surgical aortic valve replacement; TA = transapical

Figure 2

Reimbursement and costs of TAVI in Switzerland 2012–2014.
The case weight for TAVI in Switzerland was 9,707 in 2012, 9,795 in 2013, and decreased to 7,159 in 2014. The case weight will further
decrease to 6,216 in 2015. Between 2012 and 2014, costs for intensive care unit, nursing, physiotherapy, and other costs were reduced, but
procedural costs including costs for the implant remained relatively unchanged (example of the Cantonal Hospital Lucerne). Median hospital
stay decreased from 9 days (2012) to 7 days (2014). *January – June 2014.
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