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Learning effect and diffusion of innovative
medical devices: the case of transcatheter
aortic valve implantation in Italy

Aim: We investigated the diffusion of transcatheter aortic valve implantation (TAVI)
since its introduction into the Italian market aimed at identifying the potential drivers
of uptake and diffusion at hospital and regional levels. Materials & methods: We
estimated the determinants of TAVIdiffusioninItaly from 2007 to 2015 with aregression
analysis based on registry data. Results: Since 2007, TAVI has shown significant
diffusion rates in Italy. The diffusion is positively correlated with implanting centers’
experience and with the presence of key opinion leaders. Regional recommendations
on the use of TAVI negatively influence the diffusion. Reimbursement policies do not
exert a relevant impact. Conclusion: Learning effect seems to be the major driver of

TAVI diffusion in Italy.
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Transcatheter aortic valve implantation
(TAVI) has emerged as an alternative treat-
ment option for high-risk and inoperable
patients with symptomatic severe aortic ste-
nosis (AS) [1-3]. Approximately 190,000 high-
or prohibitive-risk elderly patients with symp-
tomatic severe AS, of which 29,600 in Italy,
were candidates for TAVI in European coun-
tries in 2011, corresponding to a potential
target of approximately 18,000 new patients
each year [4]. With aging of the population,
AS is expected to have an increasingly greater
impact in the future. However, the uptake
and diffusion of technological innovation in
healthcare does not follow a linear trend, and
many factors influence its introduction into
healthcare systems [s]. The safety, effective-
ness and cost—effectiveness of procedures are
relevant influencing aspects. Published TAVI
results for high-risk and inoperable patients
are promising in terms of survival, func-
tional status and quality of life (6]. However,
reported 1 year survival rates and the fre-

quency of adverse outcomes vary widely (7].
This variability is partly explained by scar-
city of randomized controlled trials, by dif-
ferences in existing scores used to judge the
appropriateness of TAVI, by differences in
outcome definitions and by limited numbers
of patients per study [8]. The learning curve
and operator experience play a major role on
procedural efficacy and safety as well [9.10].
It was recently demonstrated that operators’
experience (i.e., >135 procedures) was an
independent predictor of 30 days survival [9]
and that experience accumulated over 44
transfemoral aortic valve implantations led
to significant decreases in procedural times,
radiation and contrast volumes [10]. Profi-
ciency increased, with evidence of a plateau,
after the first 30 cases [10].

The recent CE mark for intermediate-
risk patients obtained in Europe by two
TAVT therapies (one of which also obtained
FDA approval in the USA), which is likely

to increase TAVI economic impact, has

Journal of Comparative
Effectiveness Research

Giuditta Callea*', Maria
Caterina Cavallo', Rosanna
Tarricone'? & Aleksandra
Torbica'?

'Center for Research on Health & Social
Care Management (CERGAS), Universita
Bocconi, Milan, Italy

?Department for Institutional Analysis &
Public Sector Management, Universita
Bocconi, Milan, Italy

*Author for correspondence:

Tel.: +39 02 5836 2728

Fax: +39 02 5836 2598
giuditta.callea@unibocconi.it

Future &
Medicine 7o

10.2217/cer-2016-0083 © Giuditta Callea

J. Comp. Eff. Res. (Epub ahead of print)

ISSN 2042-6305



Research Article

Callea, Cavallo, Tarricone & Torbica

relighted the debate on the sustainability of healthcare
resource consumption in the future [6]. Thus, the uti-
lization and diffusion of TAVI need to be better inves-
tigated, and an understanding of the social, regulatory,
economic and political circumstances behind TAVI
adoption is vitally important from a public policy per-
spective. Mylotte ez al. (1] described trends in the num-
ber of TAVIs implanted from 2007 to 2011 across 11
European countries, underlining substantial variability
in TAVI diffusion among countries and in the number
of implants per center across nations. The authors also
studied the link between TAVI use and reimbursement
strategies. Unfortunately, although Italy represents the
country with the second largest number of implants
in Europe, it was excluded from the analyses due to
regional heterogeneity in reimbursement mechanisms.

Our study aimed at investigating the diffusion
of TAVI in the Italian market since its introduction
in 2007. To this end, we studied the potential driv-
ers of TAVI uptake and diffusion in terms of policy
(i.e., reimbursement policies, presence of turnaround
plans (TPs), presence of regional guidelines for the
appropriate use of TAVI) and management strategies
(i.e., ownership, teaching status, implanting centers’
experience with TAVI, mono-specialty activity, pres-
ence of opinion leaders clinicians, 24-h services and
use of software for medical reporting).

Background

Indications for transcatheter aortic valve
implantation

In 2008, the European Society of Cardiology (ESC)
and the European Association of Cardio-Thoracic Sur-
gery (EACTS) published a joint position statement in
which they indicated that the use of TAVI should be
restricted to high-risk patients or those with contrain-
dications for surgery [1]. The selection of patients, and
especially the risk assessment, should involve a mul-
tidisciplinary consultation. Risk assessment is based
both on clinical judgement and on the combination
of several quantitative scores (i.e., Logistic EuroScore
>20% and STS score >10%). The recommendations
were confirmed by the 2012 version of the guidelines,
which also pointed out that TAVI should not be per-
formed in patients at intermediate risk for surgery and
that trials were required in this population [2]. These
indications, valid for all European countries, have been
confirmed in Italy by the Italian Federation of Car-
diology (FIC) and by the Italian Society for Cardiac
Surgery [12]. In addition, given the absence of a perfect
quantitative score for the assessment of risk for surgery,
several Iralian regions published guidelines including
clinical criteria for ensuring the appropriate use of

TAVT [13-18].

The good results on the new generation of
devices [19-21] have supported, in the second half of
2016, CE Mark extension to intermediate-risk patients
for two TAVT technologies and US FDA approval for
one of them. Indications for intermediate-risk patients
have not been published by Scientific Societies yet.

Structural, organizational & clinical
competence requirements for TAVI

According to the European and Italian clinical guide-
lines, the implants should be restricted to centers
having both cardiology and cardiac surgery depart-
ments (1-2,12]. Patients should be managed by a mul-
tidisciplinary heart team, with a predefined compo-
sition [1-2,12-18]. ESC/EACTS generically referred
to implants performed in a limited number of high-
volume centers, but did not define a minimum num-
ber of procedures required for competency due to
insufficient data [1]. More recently, clinical compe-
tence requirements were defined by several Agencies
and Scientific Associations: the minimum threshold
was defined equal to 20 (in previous year) by the
Centers for Medicare and Medicaid Services [22];
two per month by the French Haute Autorité de
Santé [23]; 24 by the British Cardiovascular Interven-
tion Society jointly with the Society of Cardiothoracic
Surgeons [24]; 30 by the Canadian Institut national
d’excellence en santé et en services sociaux [25]; and 50
by the Dutch HTA agency [26].

Regulation as to the identification and accreditation
of implanting centers has been heterogeneous in Italy.
Only two regions (i.e., Emilia Romagna and Sicilia)
explicitly authorized a limited number of hospitals,
basing their decisions on clinical competence require-
ments [13.17]. The other regions did not issue any law
and allowed all the hospitals with on-site cardiac sur-
gery to perform implants.

The Italian healthcare system: overview of
institutional assets & regional reimbursement
mechanisms

The Italian National Health Service is a decentralized,
tax-funded healthcare system that provides care to
the entire Iralian population free of charge. The Ital-
ian National Health Service has three tiers: the cen-
tral government; 21 regional governments (henceforth
referred to as regions), with jurisdiction over most
healthcare issues, including reimbursement; and pro-
viders. Regions allocate funds to providers using two
main mechanisms: hospitals directly managed by local
health authorities (LHA) are funded on a capitation
basis, whereas the other hospitals are prospectively
funded according to regional tariffs [27]. Tariff-based
reimbursement systems largely vary across regions.
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Some regions reimburse a standard fee schedule based
on the diagnosis-related group (DRG) into which the
hospitalization is classified in. In Italy TAVI implanta-
tion is generally classified into DRGs of Cardiac valve
and other major cardiothoracic procedures, respec-
tively with (DRG 104) and without (DRG 105) car-
diac catheterization, with the exception of Lombardia,
which classifies the admissions into DRG 518 percu-
taneous cardiovascular procedures without coronary
artery stent or AML. In a ‘basic’ DRG system, hospi-
tals are reimbursed the standard rate for surgical aor-
tic valve replacement and there is no extra funding for
the device’s cost. To support TAVI use, Italian regions
developed two types of special funding systems [23].
Certain regions (i.e., Lombardia, Basilicata and Sicilia)
introduced supplementary payments, paid in addition
to the standard DRG rate. We classify this system as
‘add-on’. Other regions (i.e., Emilia Romagna and
Campania) use procedure-specific payments instead
of DRG-specific, in other words, predetermined
fixed sums that include both the cost of hospitaliza-
tion, procedure and device. This system is defined as
‘lump-sum’.

Materials & methods

Materials

We created an ad hoc dataset by merging data from
different sources. The data on the adoption and diffu-
sion of TAVI derive from a public registry of the Italian
Society of Interventional Cardiology (GISE), which
routinely collects data on the activities of all Italian
catheter laboratories [29]. The database also includes
information on the region where the cath labs are
located, if they use software for medical records and
whether they operate 24 h. Our sample consisted of all
Italian hospitals that adopted TAVI since its introduc-
tion in 2007.

Data on reimbursement policies were retrieved from
regional laws and official fee schedules. When official
documentation was not entirely clear, key informants
were contacted in order to have a better understand-
ing of reimbursement mechanisms concerning TAVI
in the specific region. Based on the information
retrieved from these sources, we divided hospitals
into two groups: tariff and capitation, according to
whether they were funded through a tariff-based pay-
ment system or through capitation [27]. The first group
was further classified into three categories, according
to the type of regional reimbursement system: basic
(i.e., DRG rate for hospitalization, with no reimburse-
ment for the device), add-on (i.e., additional payments
on top of the DRG tariff) and lump-sum (i.e., flat,
procedure-specific rates that cover both the cost of hos-
pitalization, procedure and device) [28]. Regional laws

were also used as a source of the year of publication
of regional recommendations for the use of TAVI [28].

Information on TPs was found on the Ministry of
Health website [30]. TPs are agreements between the
Italian central government and regions with a persis-
tent deficit [31]. They were introduced in 2007 with
the aim of monitoring these regions’ healthcare expen-
ditures and reducing their deficits. The Ministry of
Health website also provided information on hospital
institutional characteristics. We classified the hospitals
according to their ownership (public vs private), teach-
ing status (teaching vs nonteaching), type of activ-
ity (cardiologic vs general hospital), location (north,
center or south) and presence of TP.

Information on the resident population 2007-2015
and share of people aged 75 years or more was obtained
from the Italian Institute of National Statistics web-
site [32], and economic indices and healthcare param-
eters (i.e., gross domestic product [GDP] per capita,
healthcare expenditures as% of GDP) were obtained
from the Observatory on Italian Healthcare Provid-
ers [33]. Table 1 provides the full list of the variables
included in the study and the corresponding sources.

Methods
The following measures were computed: the annual
number of implants (total and per million people), the
number of implanting centers (total and per million
people) and the average number of implants per center.
To assess the adherence of Italian implanting centers
to international scientific associations and HTA agen-
cies guidelines [22-26], which require a minimum num-
ber of 20 TAVI implants per year, we analyzed the dis-
tribution of TAVI implants by implanting centers into
three classes: low- (i.e., less than 20 implants per year),
medium- (i.e., 20-29) and high-volume (i.e., more
than 30). The upper threshold was defined according
to recent evidence of increasing proficiency after the
first 30 TAVI cases [10]. Last, we followed implanting
centers’ classes of implants over time and computed the
probability of transition among the different classes.
To investigate the factors that affect TAVI diffusion,
we run several regressions using as dependent variable
the number of TAVI implants in Italian hospitals from
2007 to 2015. We used the logarithmic transforma-
tion of the variable to allow the interpretation of coef-
ficients as percentage impact. The estimated model is
as follows:

Vo= O+ BXEJ[ +YZ, + ST +yT?+ &

where i is for hospital, j for region and t for year. X
is a set of observable hospital-specific, time-dependent
variables including ownership, teaching status, class
of productivity (i.e., low-, medium-, high-) in previ-
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Table 1 Variables included in the study and sources.

med_volume

high_volume

reg_guidelines

Variable Description

Inid Log of yearly number of TAVI implants per center
Public 1 if public hospital, 0 otherwise

Teach 1 if teaching, 0 otherwise

1 if hospital had medium productivity (i.e., 20-29
implants) in previous year, 0 otherwise

1 if hospital had high productivity (i.e., >30 implants) in
previous year, 0 otherwise

24 h 1 if cath lab works 24 h, 0 otherwise

sw 1 if cath lab uses software for medical records, 0
otherwise

North 1 if hospital is located in northern Italian region, 0
otherwise

Center 1 if hospital is located in central Italian region, 0
otherwise

South 1 if hospital is located in southern Italian region, 0
otherwise

Cardio 1 if cardiologic hospital, 0 otherwise

ESC 1 if hospital’s clinicians authored ESC/EACTS guidelines
for management of valvular heart disease

Tariff 1 if hospital funded through tariffs, 0 otherwise

tar_level Level of tariff

add_on 1 for additional payments on top of DRG rate, 0
otherwise

lump_sum 1 for procedure-specific rate, 0 otherwise

tp 1if TP is active, 0 otherwise

1 if region published guidelines for the appropriate use
of TAVI, 0 otherwise

gdp_per_cap Regional GDP per capita

he_% _gdp Share of regional health expenditures over GDP
%75+ % of regional population aged 75 years or older
t Year (from 1 to 9)

t? Year squared

Source

GISE registry
MoH

MoH

GISE registry

GISE registry

GISE registry
GISE registry

GISE registry

GISE registry

GISE registry

MoH
ESC/EACTS guidelines

Regional laws/fee schedules
Regional laws/fee schedules

Regional laws/fee schedules

Regional laws/fee schedules
MoH

Regional laws

OASI
OASI
ISTAT

EACTS: European Association of Cardio-Thoracic Surgery; ESC: European Society of Cardiology; GDP: Gross domestic product; GISE: Italian
Society of Interventional Cardiology; ISTAT: Italian Institute of National Statistics; MoH: Ministry of Health; OASI: Observatory on Italian
Healthcare Providers; TAVI: Transcatheter aortic valve implantation; TP: Turnaround plan.

ous year, mono-specialty cardiologic activity, 24 h
activity, use of software for medical records and loca-
tion in north/center/south Italy. Z is a set of time-vari-
ant regional characteristics including reimbursement,
presence of regional guidelines for the appropriate use
of TAVI, presence of TP, regional GDP per capita,
share of regional health expenditure over GDP and
share of people aged 75 or more. We tested different
models by introducing first control variables (i.e., own-
ership and teaching status) and yearly dummies (model
1), then adding hospital-level variables (models 2, 4
and 5) and, finally, regional-level variables (models

3, 6 and 7). To have a better understanding of the
impact of reimbursement on the uptake and diffu-
sion of TAVI, we run the regressions on two different
subsamples of hospitals. We first considered the full
sample (i.e., including both hospitals funded through
tariffs and capitation) and tested the impact of the
type of reimbursement by including a dummy vari-
able for tariff-based payment (models 1-3). Afterward,
we focused on tariff-funded hospitals and tested the
impact of the level of tariff (models 4 and 6) and of
the presence of special funding mechanisms (i.e., add-
on payments and lump-sums, models 5 and 7). Last,
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Table 2. Diffusion of transcatheter aortic valve implantation in Italy.

Year TAVI implants Implanting centers Average implants
n n per million population  n n per million population ~ Per center

2007 72 1.2 12 0.2 6.0

2008 450 7.5 23 0.4 19.6

2009 1142 19.0 53 0.9 21.5

2010 1581 26.2 70 1.2 22.6

2011 1929 31.8 77 1.3 25.1

2012 2087 351 77 1.3 271

2013 2309 38.7 75 1.3 30.8

2014 2592 42.6 84 1.4 30.9

2015 3465 57.0 87 1.4 39.8

TAVI: Transcatheter aortic valve implantation.

to assess the goodness of fit, we run predictive models  diminishing over time, from 154% of increase in 2009
on both the full sample (i.e., 9 years) and on the first  to 34% in 2015. The number of implants per million
6 years of the data. Statistical analyses were performed (M) people shows an increasing trend and reached 57
using the software package Stata version 14. TAVI/M inhabitants in 2015. The number of implant-

ing centers constantly increased from 23 in 2008 to 87
Results in 2015, representing an average of 1.4 centers per mil-
Between 2007 and 2015, 15,627 patients underwent lion people. Overall, in 2015, 39.8 TAVIs per center
TAVIin Italy (Table 2). If we exclude 2007, when TAVI  were performed, with an increase of 29% compared
was first introduced in the last months of the year, we  with 2014. If we distinguish hospitals by ownership,
observe an increase in the total number of implants  private hospitals show on average a higher productivity
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Figure 1. Average number of transcatheter aortic valve implantation implants by hospital ownership. Average
number of transcatheter aortic valve implantations per center, grouped by hospital ownership, 2007-2015.
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Figure 2. Distribution of transcatheter aortic valve implantation centers by number of annual implants. Distribution of Italian
transcatheter aortic valve implantation centers by average annual number of implants per center, 2007-2015.

than public ones until 2014, while in 2015 they were
almost overlapping (40.3 TAVIs vs 39.6, Figure 1).
If we consider the distribution of centers by number
of annual implants, the share of low-volume ones
(i.e., centers performing less than 20 TAVIs per year)
shows a decreasing trend over time, counterbalanced
by an increasing share of high-volume ones (i.e., cen-
ters implanting more than 30 TAVIs) (Figure 2). In
2015, 32% of the Italian centers were low-volume
centers, high-volume centers being equivalent to 53%.

Figure 3 shows the number of TAVI implants by
region and the reimbursement system adopted by
Italian Regions in 2015, while Table 3 illustrates the
number of TAVIs and implanting centers by region,
reimbursement mechanism and level of tariff in 2015.

The results of the regressions are shown in
Tables 4 & 5. The explanatory power of the models can
be evaluated by considering the between (i.e., inter-
hospital) r-squared. In the analysis on the full sample
of hospitals, the model with only control variables and
yearly dummies (model 1) explains only 0.4% of the
variability in the annual number of TAVI implants.

The greatest improvement comes from the inclusion
of hospital-level variables (model 2), which increases
the value of the between r-squared up to 66.2%. The
inclusion of regional variables (model 3) allows the
explanatory power to further increases up to 69.8%.
We refer our interpretations looking at the full model
(i.e., models 3). In the analyses of tariff-based reim-
bursed hospitals, the explanatory power of the models
with only hospital-level variables (models 4 and 5) are,
respectively, equal to 68.95 and 67.6%, while of the
full models (6 and 7) are 70.24 and 69.8%.

The diffusion of TAVI in Italy has been charac-
terized by a sharp annual increase (+44.8% on aver-
age) and appears to be close to the plateau, as testi-
fied by the negative coefficient of the variable time
squared (Table 4). Anyhow, time variables lose their
significance in models 2 and 3, where part of time
effect is captured by the volume of implants in pre-
vious year. Indeed, hospitals who performed more
than 30 implants in previous year (i.e., high-volume
hospitals) experience an increase in annual implants

equal to 105%. The increase is equal to 77.7% for
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medium-volume centers. Hospitals with cardiologists
or cardiac surgeons who contributed to publish the
ESC/EACTS guidelines for the management of val-
vular heart diseases [12], implant 95.4% more TAVIs
than other similar hospitals. Hospitals located in

regions with TP implant 23.9% less TAVIs, although

- @
>

.
36
142

the impact is only marginally significant. The publi-
cation of regional recommendations aimed at iden-
tifying patients’ selection criteria and ensuring the
appropriate use of TAVI, slows down the diffusion of
TAVI in those regions (-15.5% but not significant).
The type of reimbursement significantly affects the

Basic

No implants

Figure 3. Reimbursement system and transcatheter aortic valve implantation adoption across Italian Regions
(2015). Map of the number of transcatheter aortic valve implantations implanted in Italian Regions and regional

reimbursement mechanisms, 2015.

fLocal health authority-managed hospitals are funded by capitation, all other hospitals by basic diagnosis-related

group system.
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Table 3. Number of transcatheter aortic valve implantation implants and implanting centers by region,

reimbursement mechanism and level of tariff, 2015.

Region Number of TAVI implants Number of implanting centers Level of tariff

Capitation Tariff Capitation Tariff (min-max); €'
Basic Add-on Lump-sum Basic Add-on Lump-sum

Piemonte 214 8 20,487-24,675

Lombardia 988 22 24,865

PA Trento 22 1

Veneto 189 176 5 27,476-34,179

Friuli Venezia Giulia 77 21,551-25,492

Liguria 60 1 15,775-20,160

Emilia Romagna 219 4 30,640

Toscana 269 6 18,237-19,910

Umbria 47 2 20,487-24,675

Marche 36 1 21,102-25,415

Lazio 142 7 20,487-24,675

Abruzzo 34 1

Campania 355 10 25,000

Puglia 2 166 1 6 20,487-24,675

Basilicata 41 1 28,487-32,675

Calabria 85 2 20,487-24,675

Sicilia 301 3 28,487-32,675

Sardegna 6 36 1 1 17,043-21,184

Total 253 1308 1330 574 9 38 26 14

*The minimum and maximum level of tariff depend upon the presence of cardiac catheterization, which shifts the hospital admission from diagnosis-related

group 105 to 104.

PA: Provincia Autonoma; TAVI: Transcatheter aortic valve implantation.

annual number of implants: hospitals reimbursed
through rariffs perform on average 52.6% more
implants than those payed through capitation. How-
ever, neither the level of tariff nor the presence of
special funding mechanisms (i.e., add-on and lump-
sum) significantly affect the number of implants
(Table 5). The impact of the variables discussed above
is confirmed also in the subsample of tariff-based
reimbursed hospitals (models 4-7).

The key driver of TAVI diffusion, explaining
between 56 and 65% of the models, is implanting cen-
ters’ experience with the heart valve. This result is con-
firmed by the analysis of the probability of transition
across classes of centers (Figure 4). Low-volume cen-
ters have 73% probability to remain in the same class
and to stop implanting of 4%. Once hospitals have
increased their experience and reached a medium- or
high-volume, they never stop implanting. Medium-
volume centers upgrade to high-volume centers in 57%
of cases and high-volume centers remain in the same
class in 94% of cases.

The predictions obtained using both the full,
9 years sample and the first 6 years of diffusion con-
firm the goodness of fit of our models. The analyses are
available from the authors upon request.

Discussion
Between 2007 and 2011, nearly half of all TAVIs
across Europe were performed in Germany (45.9%),
with Italy being the next most frequent implanter
(14.9%) [11]. The total number of implants in Italy was
1929 in 2011, compared with 7252 in Germany and
grew up to 3465 in 2015. Nevertheless, by applying
the data on prevalence presented by Osnabrugge [4] to
demographic projections over the next decades, we esti-
mate that the potential number of TAVIs will increase
to nearly 4300 per year and that more than 62,000
patients will be TAVT candidates in Italy in 2050.
Healthcare innovation has become a major concern
for policymakers in all industrialized countries. If it
is true that innovation is a main determinant of bet-
ter health outcomes, it is also true that innovation can

10.2217/cer-2016-0083 J. Comp. Eff. Res. (Epub ahead of print) future science group fsg
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only be introduced if economically sustainable. This
concept is particularly important in public healthcare
systems, in which services are funded by taxpayers
and the allocation of public resources must follow the
opportunity cost principle. Cost—effectiveness analysis
(CEA) is a widespread tool used by policymakers to
assess whether incremental benefits outweigh incre-
mental costs. Nevertheless, once CEA is performed and
final recommendations are made, the uptake and dif-
fusion of technological innovation is highly dependent
on variables other than economic evaluation, such as
reimbursement policies, procurement procedures and
stakeholders” influence.

A comparative analysis of TAVT diffusion trend in
European countries concluded that economic and reim-
bursement variables help explaining the variability in
TAVT adoption across nations [11]. More specifically, the
authors found that TAVI use increases more in insur-

ance-based systems (e.g., Germany) compared with
tax-based systems (e.g., Italy). The authors also inferred
that the uneven TAVI distribution across nations raises
the uncomfortable issue of equity of patient access.
This issue is particularly relevant given the Patients’
Rights in Cross-Border Healthcare Directive (Direc-
tive 2011/24/EU) of the EU, which promotes patients’
mobility between EU countries. How would low TAVI
penetration-rate nations address their own patients who
ask to move to high TAVI penetration-rate countries? If
patients’ mobility is to happen, understanding and mea-
suring the impact of coverage policies in EU countries is
important to help reduce patients’ uneven access to care.

Although Traly is the second largest market in the
EU for TAVIs, it was not included in the study by
Mylotte ez al. [11] because of the complexity of the Iral-
ian funding and reimbursement. Our study filled this
gap, and contributed to a better understanding of the

Table 4. Regression analysis on number of transcatheter aortic valve implantation implants per year,

all hospitals.

Dependent variable InTAVI: model 1 InTAVI: model 2 InTAVI: model 3
Public 0.0279 0.7219 0.168
Teach 0.426* 0.205 0.206

t 0.448%** 0.159 0.223

t2 -0.0222%** -0.00673 -0.00979
Tariff 0.510** 0.526**
Med_volume 0.772%** 0.777%**
High_volume 1.035%** 1.050%**
Cardio 0.0452 -0.0324
ESC 0.937*** 0.954%**
24 h 0.268 0.274

sw 0.0335 0.035
North 0.413** 0.399**
South 0.478** 0.125

tp -0.239*
Reg_guidelines -0.155
%75+ -4.735
gdp_per_cap -0.0000612
he_% _gdp -13.65
Constant 0.637** 0.359 3.528
Observations 558 558 558
Number of hospitals 98 98 98

R-sq within 0.3888 0.3859 0.3860
R-sq between 0.0042 0.6621 0.6980
R-sq overall 0.1151 0.5176 0.5294
*p < 0.1; **p < 0.05; ***p < 0.01.

ESC: European Society of Cardiology; InTAVI: Natural logarithm of TAVI implants.
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Table 5. Regression analysis on number of transcatheter aortic valve implantation implants per year,

tariff-based reimbursed hospitals.

Dependent variable InTAVI: model 4 InTAVI: model 5 InTAVI: model 6 InTAVI: model 7
Public 0.211 0.211 0.191 0.192
Teach 0.199 0.206 0.203 0.205

t 0.0463 0.0546 0.0503 0.0761

t2 0.00124 0.000755 0.00127 0.00038
Tariff level 0.000007 0.00002

Add_on 0.0201 -0.0605
Lump_sum -0.108 -0.122
Med_volume 0.822*** 0.821*** 0.820*** 0.823***
High_volume 1.068*** 1.071%** 1.088*** 1.098***
Cardio 0.0574 0.0375 -0.0184 -0.0345
ESC 0.965%** 0.956%** 1.003*** 0.981***
24 h 0.22 0.202 0.215 0.197

sw 0.104 0.116 0.0826 0.107
North 0.322* 0.344* 0.294 0.381**
South 0.484%** 0.555*** 0.235 0.28

tp -0.099 -0.161
Reg_guidelines -0.267** -0.193*
%75+ 0.528 -3.352
gdp_per_cap 0.000009 -0.0000003
Health exp%gdp 9.258 6.183
Constant 1.069** 1.204%** -0.0797 1.236
Observations 500 500 500 500
Number of 86 86 86 86
hospitals

R-sg within 0.3762 0.3805 0.3846 0.3857
R-sq between 0.6895 0.6761 0.7024 0.698
R-sq overall 0.5393 0.5367 0.544 0.5415
*p < 0.1; **p < 0.05; ***p < 0.01.

ESC: European Society of Cardiology; INnTAVI: Natural logarithm of TAVI implants.

main predictors of TAVI diffusion in a tax-based,
decentralized EU country such as Italy. We believe that
the variety of payment schemes currently in use across
the Tralian regions and across different hospital types
represents an interesting case study for investigating the
role of reimbursement mechanisms in the technology’s
diffusion patterns at the individual hospital level [34].
The main role of prospective payment systems is to
orient providers” behavior. Payers strategically use tar-
iffs to steer providers’ production [35]. According to
whether rates are higher or lower than the procedure-
specific production costs borne by providers, the pro-
viders can be incentivized or discouraged to invest in
and deliver certain hospital procedures, whereas capi-
tation-based hospitals have the incentive to keep total

production costs as low as possible so as not to exceed
the allocated budget. Tariff-based hospitals are there-
fore expected to invest more than their capitation coun-
terparts in technological innovation do, provided that
the specific DRG rate is at least equivalent to the direct
procedure costs. Seventy-eight TAVI providers out of
87 are financed through tariffs in Italy (Table 3), and
tariff-based hospitals have the highest mean number of
implants (41.2 vs 28.1). The difference between the two
groups was found to be statistically significant (Table 4),
although the level of tariff does not significantly influ-
ence providers’ production (Table 5). This may suggest
that the payers’ strategy either has not been effective in
incentivizing the diffusion of TAVI or that is not con-
sidered a key factor by end-users. The first interpreta-

10.2217/cer-2016-0083

J. Comp. Eff. Res. (Epub ahead of print)

fsg

future science group



Learning effect & diffusion of innovative medical devices

tion is consistent with the results of a previous empiri-
cal study conducted in Italy on coronary stents [36].
The latter is line with a recent qualitative work, which
demonstrated that the diffusion of TAVI in Germany
has been influenced by multiple factors (e.g., perceived
medical advantages of the new technology, social pres-
tige of implanting centers and of clinicians, opinion
leaders heading the departments, cooperation between
cardiac surgeons and interventional cardiologists) that
go beyond the level of reimbursement [37].

Notably, the marked difference between private
and public hospitals, with privates delivering a higher
mean number of TAVIs in the first 8 years, dropped in
2015, when the productivity of the two was perfectly in
line (Figure 1). We can infer that private hospitals tend
to reach earlier the plateau of the learning curve [10],
thus profiting from economies of scale and reducing
procedural time and complications [8]. Anyhow, it is
worth underlining that hospitals’ productivity (i.e., the
annual number of implants) shows an increasing trend
over time, as testified by the increasing share of high-
volume centers (+31% from 2014 to 2015), counter-
balanced by a decrease of low- and medium-volume
centers (-15 and -13% respectively).

94% High-volume

0% 8%

15%

73% Low-volume

4%

Conclusion

The diffusion of TAVT in Italy is characterized by great
variability across regions and different hospital types.
The present study is the first that covered the entire
population of hospitals implanting TAVTs in Iraly and
attempted to explain differences across regions and hos-
pitals by a regression analysis. Major drivers of TAVI
diffusion are providers’ experience, the presence of key
opinion leaders (i.e., clinicians involved in develop-
ing the international guidelines for the management
of valvular heart disease) and reimbursement schemes
(i.e., tariff vs capitation). The latter finding is consis-
tent with what was found by Mylotte ¢# 4/. [11] and with
Cappellaro et al. 36], who found that the amount of the
tariff is not however important to explain the diffusion.
The strongest predictor of diffusion of TAVI in Italy
is implanting centers’ experience: hospitals that per-
formed more than 20 implants in previous year implant
a significantly higher number of valves the year after,
thus contributing to improving health outcomes.

This study contributes to identify the most impor-
tant variables that explain the diffusion of new tech-
nologies and can help decision-makers governing the
introduction of innovations in healthcare.

57%
\

Medium-volume 33%

10%

Figure 4. Probability of transition across volume classes. Map of the probabilities of transition across volume

classes.
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Executive summary

in Italy.

stenosis available in the market since 2007.

important from a public policy perspective.

types.

contributing to improving health outcomes.

schemes (i.e., tariff vs capitation).

e The diffusion of new medical technologies is highly dependent on stakeholders’ decisions to adopt
innovation, and on the broader environment in which stakeholders are located, including regulatory and
financing system, and users’ (i.e., hospitals and physicians) characteristics.

The knowledge of the factors affecting adoption and diffusion of technological innovation is relevant for
policymakers because it helps them implementing evidence-based policies aimed at encouraging the desired
level of use of new technologies and reducing uneven diffusion across areas and population.

In this paper, we investigated the determinants of diffusion of transcatheter aortic valve implantation (TAVI)

TAVI is an alternative treatment option for inoperable and high-risk patients with symptomatic severe aortic

e With aging of the population and the recent CE mark for intermediate-risk patients, TAVI is expected to have
an increasing economic impact, thus making the understanding of the factors behind its diffusion vitally

Our results show that TAVI has diffused in Italy with great variability across regions and different hospital

The strongest predictor of diffusion of TAVI in Italy is implanting centers’ experience: medium- and high-
volume hospitals in previous year implant a significantly higher number of valves the year after, thus

e Major drivers of TAVI diffusion are also the presence of key opinion leaders (i.e., clinicians involved in
developing the international guidelines for the management of valvular heart disease) and reimbursement
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