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ABSTRACT

Introduction: Heart valve diseases constitute a significant public health challenge with substantial clinical and
economic implications. The ageing population, coupled with advancements in surgical techniques, has led to
increased hospitalizations for cardiac valve interventions over the past decade. Despite progress, the economic
burden of heart valve diseases remains underexplored, particularly in the context of the Italian healthcare sys-
tem. This study aims to comprehensively assess the economic burden of heart valve diseases in Italy through a
real-world analysis.

Methods: Using data from the national Italian Hospital Discharge Records (SDO), we identified the number of
adult patients undergoing interventions on the aortic, mitral, and tricuspid valves, along with the associated costs
borne by the National Health System. Additionally, we estimated indirect costs by analyzing social security benefit
applications related to valve diseases from 2016 to 2019.

Results: A notable rise in hospitalizations for cardiac valve interventions, particularly for the aortic (+53.3%) and
mitral valves (+29.5%) was revealed through the study period. In-hospital mortality rates declined, reflecting
advancements in perioperative care. The economic burden of heart valve diseases in Italy was substantial, with
hospitalization costs reaching €808 million in 2018. Social security benefit applications also increased, adding an
annual cost of €29 million.

Conclusions: Heart valve diseases represent a growing clinical and socio-economic challenge in Italy. This study
underscores the imperative for a multidisciplinary approach to effectively manage these conditions. Emphasizing
prevention, early diagnosis, and timely interventions is crucial to mitigate the economic impact and enhance the
quality of life for patients.
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Introduction

Diseases of the heart valves can be present from birth
(congenital valve diseases) or develop throughout life as a
result of various pathologies (1). These conditions involve
a malfunction in controlling blood flow due to either dam-
age or a defect in one of the four heart valves (mitral, aortic,
pulmonary, and tricuspid) (2). The narrowing of heart valves
leads to stenosis, while imperfect valve closure causes blood
to flow back (regurgitation), resulting in insufficiency (2).
Stenosis and insufficiency can occur individually or together
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and may affect one or more valves simultaneously (combined
valve diseases) (1). The mitral and aortic valves, being sub-
jected to higher pressure load, are more commonly affected
than the tricuspid valve, which is rarely involved and typically
refers to congenital anomalies (1). Symptoms caused by valve
diseases can be managed with medications, but in cases of
significant valve defects, reparative or replacement surgery
for malfunctioning valves may be necessary (2).

Among valve diseases, aortic stenosis is the most common
(3,4), with a prevalence of 2% in subjects over 65 years old
(5) and a 12-month mortality rate exceeding 30% in treated
symptomatic patients across in the western world (6). Mitral
valve regurgitation also has a high prevalence, estimated at
around 20 million cases worldwide, with 34,000 associated
deaths in 2019 (6,7). A high heterogeneity in the prevalence
rates of aortic valve regurgitation has been reported, rang-
ing from 1.6% in a study conducted on the English popula-
tion over 65 (8), to nearly 5.0% in an American cohort (9).
Tricuspid valve regurgitation is the rarest disorder but is asso-
ciated with a high mortality rate, estimated at 42% at 3 years,
according to one study (10).
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An ltalian study found a prevalence of approximately 30%
for mild to moderate valve diseases in the population over 65,
a significantly higher figure than previous estimates. The
study was based on newly diagnosed patients, often charac-
terized by silent symptoms (11).

Few studies have estimated the direct costs of valve dis-
eases. In the United States, annual direct costs were approx-
imately $13,000 for symptomatic patients with aortic valve
diseases and $5,000 for those with mitral valve diseases
(12). An analysis of a cohort of patients affected by mitral
valve regurgitation estimated an average annual cost of
around €12,000 (13). Another study estimated direct costs
for severe aortic stenosis patients undergoing valve replace-
ment surgery at around €22,000 for Surgical Aortic Valve
Replacement (SAVR) and €20,000 for Transcatheter Aortic
Valve Implantation (TAVI) along a 2-year follow-up (14). The
direct costs related to tricuspid valve diseases were esti-
mated in another American study, quantifying the annual
burden per patient ranging from $17,000 in patients who had
not experienced heart failure or valve regurgitation to over
$42,000 for patients with both outcomes (15).

In Italy, a study comparing the direct costs during a one-
year follow-up for patients undergoing TAVI or SAVR estimated
mean costs ranging from €2,000 to €3,000, with an additional
€30,000 related to the intervention (16). Another Italian study
comparing TAVI and Sutureless Aortic Valve Replacement
(SU-AVR) estimated, over a 1,310-day follow-up, expenses
between €20,000 and €24,000 (17).

Few studies have assessed the indirect costs of valve dis-
eases. European data indicate a productivity loss cost of
approximately €11,000 for patients and over €2,000 for care-
givers following acute coronary syndrome or heart attack (18).

In Italy, indirect costs related to cardiovascular diseases
are estimated to be around €4.5 billion annually, with an
increasing trend over time (19).

While previous studies have explored the clinical and eco-
nomic burden of Heart Valve Diseases (HVDs) in various con-
texts, there is a lack of comprehensive analyses that integrate
both direct healthcare costs and indirect social security expen-
ditures, particularly within the Italian healthcare system.

The aim of this study is to estimate the economic burden
of HVDs in Italy through a real-world data analysis.

Data and methods
Data

This study was conducted using the Hospital Discharge
Records (SDO) for Italy (60 million inhabitants), data were
available from 2010 to 2018.

The Italian SDO records all Hospital Discharges (HD), both
ordinary and Day-Hospital (DH), from public and accredited
hospitals. Each record contains, together with a patient-
specific anonymous code, the patient’s demographic (age,
sex, residence) and clinical information (primary and up to
five secondary diagnoses and procedures, Diagnosis-Related
Group — DRG).

The National Institute for Social Security (INPS) database
collects all applications related to welfare benefits; for this
study, only applications resulting in the recognition of the
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Attendance Allowance (AA) were considered. The AA is a
financial benefit for individuals who are severely disabled or
totally incapacitated, necessitating permanent assistance for
walking or carrying out daily life activities. This benefit is irre-
spective of age and income status but requires a total disabil-
ity (100%) to be recognized, leading to the need for constant
care. Data were available for the period 2016-2019 and only
for adult subjects.

Both sources used in this analysis are administrative data-
bases. SDO is used for regional reimbursement. Therefore,
information collected in SDO is routinely controlled and
certified by regional offices, in terms of accuracy and valid-
ity. The Ministry of Health in Italy has defined, in partner-
ship with the Regions, the methodology for the assessment
of the entire SDO database. The data collected represent a
database of references that meet the monitoring and con-
trol requirements of the National Health Service with appro-
priate levels of accuracy, reliability, and timeliness. The INPS
database of social security benefits is a highly reliable source
for analyzing the accounting of social assistance measures in
Italy. It is managed by the INPS, which ensures rigorous data
collection, standardization, and validation processes.

Methods

The study population included all adult subjects undergo-
ing interventions on the aortic, mitral, and tricuspid valves.

The sample was identified by selecting all acute hospi-
tal admissions in ordinary regimen with date of discharge
between the 1st of January 2010 and the 31st of December
2018, and a principal or secondary procedure of valvuloplasty
or aortic (ICD9CM code 35.11, 35.20, 35.21, 35.22, 35.33),
mitral (35.12, 35.23, 35.24) or tricuspid valve replacement
(35.14, 35.27, 35.28). We also included acute hospital admis-
sions in ordinary regimen with principal or secondary pro-
cedures on the chordae tendineae (35.32) and annuloplasty
(35.33), but only if a primary diagnosis of aortic valve (424.1
or 395.x), mitral valve (424.0 or 394.x), or tricuspid valve
(424.2 or 397.0) diseases was present.

For the selected population, the distribution of subjects
and hospitalizations was calculated by year of discharge.
Distribution by sex and age of patients undergoing cardiac
valve interventions was estimated, as well as intra-hospital
mortality by year of discharge. Resource consumption was
estimated by calculating the total number of hospitalization
days and the economic value of the selected hospital admis-
sions, assuming that in each region, hospitalizations were
remunerated according to the values of the national refer-
ence rates (DM 18/10/2012). All analyses were stratified by
type of valve (aortic, mitral, or tricuspid). The distribution of
hospitalizations by year of discharge was also stratified by age
group (18-59, 60-69, 70-79, 80+) and Charlson Comorbidity
Index (CCl). CCl was estimated for each subject by consider-
ing all comorbidities identified in hospitalizations recorded
before the first event of intervention related to valves.

To estimate the beneficiaries and costs related to social
security benefits for individuals affected by valve diseases,
all new applications submitted during the period 2016-2019,
with a prevalent diagnosis of diseases and disorders of the
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aortic, mitral, or tricuspid valve and recognition of AA were
selected. The ICD9CM codes listed previously were used to
identify applications for valve diseases. Following a method
described elsewhere (20), social security beneficiaries and
related costs were estimated through a probabilistic model
with a Monte Carlo simulation, to obtain the number of
prevalent cases from the incident ones. In summary, the
proportion of incident recognitions for valve diseases over
the total incident recognitions for AA was calculated. This
proportion was then applied to the yearly total of prevalent
benefits to estimate those associated with valve diseases.
It was assumed that all recipients received the social bene-
fit throughout the entire year, as no data was available on
potential benefit revocations. To address potential bias from
this assumption, a Monte Carlo simulation was performed.
Specifically, gamma distributions were assigned to the ben-
efits provided and annual values, while beta distributions
were applied to the percentages.

Total expenditure was determined by multiplying the
number of AA beneficiaries by the annual amount granted per
recipient, based on the 2018 rate (€6,180). In both analyses—
direct and social security costs—nominal values were used,
without adjustments for inflation.

Results

During the period 2010-2018, there was a consistent
increase in hospitalizations involving cardiac valve interven-
tions, rising from 24,174 in 2010 to 33,739 (+39.6%, Fig. 1).
The rise in hospitalizations affected all valves, with the aortic
valve (+53.3%) and mitral valve (+29.5%) experiencing more
pronounced increases (Fig. 2).

The increase in the number of hospitalizations during the
study period was higher in the elderly patients: the percent
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change was equal to +12.8% in patients aged 18-59, +14.4%
in the age group 60-69, +32.3% in the age group 70-79 and
+153.3% in patients over 79 years of age (Fig. 3). No change
was observed when restricting the analysis to patients with
0 comorbidities (0.0%), while an increase was observed
in patients with CCl equal to 1 (+62.2%), in those with CCl
between 2 and 3 (+143.4%) and in those with an index higher
than 3 (+460.4%). The same trend was confirmed by look-
ing at the yearly distribution of hospitalizations by CCI within
age groups (Fig. S1), with the highest increase observed in
patients over 79 years of age and with CCl index higher than
3 (+871.9%). The number of hospitalizations by CCl and age
group is reported in Table S1.

In 2018, most hospitalizations involved single interven-
tions on the aortic valve (62.1%), followed by those on the
mitral valve (25.5%), while single interventions on the tricus-
pid valve represented only 1.0% of the selected cases. The
remaining 11.4% of hospitalizations involved interventions
on two or more valves, with 50.5% of these being combined
interventions on the aortic and mitral valves (Fig. S2).

Most patients undergoing intervention on the aortic or
mitral valve were males (58.4% and 59.5%, respectively),
while for the tricuspid valve, the proportion of females was
higher (56.9%). The overall mean age of patients for the
selected hospitalizations was 70 years, yet with significant
differences based on the valve interest: 73 years for the aor-
tic valve, 65 for the mitral valve, and 56 for the tricuspid valve
(Fig. 4).

In 2018, hospitalizations for cardiac valve interventions
were 33,739, resulting in a total of 504,312 hospitalization
days and an economic value of €808 million. The average
length of stay was 14.9 days (14.0 for aortic valve interven-
tions, 14.9 for mitral valve, and 21.0 for tricuspid valve inter-
ventions). The average estimated cost per hospitalization was

FIGURE 1 - Number of hospitali-

zations with cardiac valve inter-

vention per year of discharge.
33,739

2016 2017 2018

A © 2025 The Authors. Global & Regional Health Technology Assessment - ISSN 2283-5733 - www.aboutscience.eu/grhta



Sciattella & Scortichini Glob Reg Health Technol Assess 2025; 12: 37

60.0% FIGURE 2 - Percentage Change
(%) in the number of hospitali-
zations with interventions on
50.0% the cardiac valves by type and
year of discharge (reference
year 2010).
S 100%
&
3
é 30.0%
&
s
5 20.0%
5
T 10.0%
0.0%
-10.0%
2010 2011 2012 2013 2014 2015 2016 2017 2018
w——Aortic ====Mitral ~Tricuspid
180.0% FIGURE 3 - Percent change (%)
in the number of hospitaliza-
160.0% +153.3%  tions with interventions on the
cardiac valves by age category
— 140.0% and year of discharge (reference
= year 2010).
(=}
o 120.0%
[}
2]
8 100.0%
<&
o
= 80.0%
(]
oL
€ 60.0%
)
5 400% +32.3%
5] 0
& 200% +14.4%
0.0% +12.8%
2010 2011 2012 2013 2014 2015 2016 2017 2018
-20.0%
18-59 60-69 70-79 80-100
‘ZZ 120 FIGURE 4 - Distribution by gender
o s s o and age of patients undergoing
o 569% 100 cardiac valve interventions.

B

Age at discharge date
%
=3
| .I |
L=

30% 59.5% 57.3%
 59.5%] . 60 =56
20% 43.1%
10%
40
0%
Aortic Mitral Tricuspid Total
20
= Males  Females
0 . . . .
Aortic Mitral Tricuspid Total

© 2025 The Authors. Published by AboutScience - www.aboutscience.eu A




38

€23,949 (€23,817 for aortic, €23,886 for mitral, and €25,423
for tricuspid valve interventions). Over time, there was an
observed increase in the average annual cost per patient
(+4.3%, Table 1).

TABLE 1 - Length of stay and average cost per admission for cardiac
valve interventions

Procedure Mean length of stay Mean cost
Aortic 14.0 23,817 €
Mitral 14.9 23,886 €
Tricuspid 21.0 25,423 €
Combinations 19.5 24,691 €
TOTAL 14.9 23,949 €

During the study period, in-hospital mortality has consis-
tently decreased for the aortic valve (4.5% in 2010 to 3.1% in
2018) and mitral valve (5.3% in 2010 to 3.2% in 2018). The
trend for tricuspid valve mortality, although decreasing, has
been less regular due to the low number of cases (9.1% in
2010 to 6.4% in 2018, Fig. 5).

Between 2016 and 2019, a total of 12,406 applications
for social security benefits were submitted with diagnoses of
diseases or disorders of the heart valves. Requests related to
the aortic valve accounted for 53.6% of the total, those for
diseases or disorders of the mitral valve for 41.0%, while only
5.4% reported a diagnosis related to the tricuspid valve. There
was a significant increase in the number of requests during
the study period, with the greatest increment observed for
the aortic valve (+39.4%), followed by the tricuspid valve
(+32.7%), and the mitral valve (+25.6%, Fig. 6).

Two percent of the requests were rejected, regardless of
the affected valve. While 37% of the requests related to the
aortic valve resulted in partial disability recognition, for the
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mitral and tricuspid valves, this applied to half of the sub-
mitted requests. Consequently, a higher prevalence of total
disability recognitions (25% compared to 21% for mitral and
tricuspid) and recognition of total disability with AA (36%
compared to 27% and 28%, respectively) was estimated for
the aortic valve (Fig. 7).

On average, each year, 2,814 beneficiaries of social secu-
rity benefits with diseases or disorders of the aortic valve
were estimated, while recipients for the mitral and the tri-
cuspid valve were 1,628 and 221, respectively. The average
annual expenditure amounted to €28.9 million (Table 2).

Discussion

The aim of this study was to estimate the expenditure
related to HVDs in Italy through an analysis of real-world
data. This study provided a detailed overview of the prev-
alence and economic burden of HVDs in ltaly, utilizing real
data from the Italian national SDO and requests for social
security benefits.

The analysis revealed a consistent increase in hospital-
izations for cardiac valve interventions during the period
2010-2018, with a higher incidence of interventions on the
aortic and mitral valves, with respect to the tricuspid ones.
The population undergoing these interventions had an aver-
age age of around 70 years, but with significant differences
depending on the involved valve. The findings of our study
are consistent with several previous studies that have high-
lighted a significant rise in hospitalizations for cardiac valve
interventions over the years. As a matter of fact, the liter-
ature confirms these findings for the aortic (21-23), the
mitral (24,25), and the tricuspid valve (26,27). This could be
attributed to several factors, including the ageing population,
improvements in surgical techniques, increased awareness
of valve pathologies, and the rising prevalence of chronic

FIGURE 5 - In-hospital mortality
for cardiac valve interventions.
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TABLE 2 - Mean annual beneficiaries and expenditure of social se-
curity benefits for valve diseases or disorders

Mean annual beneficiaries Mean annual cost

Aortic valve 2,814 €17,412,487
Mitral valve 1,628 €10,074,088
Tricuspid valve 221 €1,365,081
Total 4,663 €28,851,655

hypertension, atherosclerosis, and other cardiovascular
conditions (28). Furthermore, the increase in the number
of hospitalizations for aortic valve interventions may reflect
a rise in the incidence of aortic valve pathologies, such as
aortic stenosis or aortic insufficiency, necessitating surgical
intervention (29). The analysis revealed a greater increase in
hospitalizations between 2010 and 2018 as both patient age
and CCl increased. This is likely due to the growing use of
the transcatheter approach over the years, which is recom-
mended for older and/or frail patients for whom surgery is
unsuitable (30,31).

The distribution of hospitalizations by type of interven-
tion highlights a predominance of single interventions on the
aortic valve, followed by interventions on the mitral valve.
This could be attributed to different valve pathologies and
their respective indications for surgical intervention (28).
However, it is important to consider that the distribution may
vary based on the demographic characteristics and clinical
practices of different contexts.

The analysis of in-hospital mortality showed a consistent
decrease over the years for interventions on the aortic and
mitral valves. This finding is also supported by literature:
a single-center study conducted on a cohort of patients in
England for SAVR estimated a decreasing in-hospital mor-
tality from 2.9% in 2000-2005 to 0.7% in 2012-2017 (32). A
meta-analysis conducted on subjects undergoing TAVI esti-
mated a 30-day mortality of 10.5% in 2007 and 2.3% in 2016
(33). A similar trend, although with a less pronounced reduc-
tion (more similar to the estimates obtained in this study),
is observed for the mitral valve (25). The evidence is more
uncertain regarding the tricuspid valve: one study reported a
consistent trend over time in in-hospital mortality in patients
with tricuspid valve diseases (34), while another article that
analyzed mortality related to tricuspid valve regurgitation
estimates a strongly positive trend during the period 2013-
2018 (35). In general, these results suggest improvements
in perioperative management, surgical techniques, and
postoperative intensive care (36). However, mortality rates
still remain significant, highlighting the complexity of these
procedures and the need for careful monitoring of the qual-
ity of care and long-term follow-up for patients undergoing
intervention.

The overall expenditure related to HVDs was signifi-
cant, with an economic value of €808 million in 2018 for
hospitalizations alone. The average cost per hospitaliza-
tion was estimated to be €23,949, with higher expenditure
(and average length of stay) for hospitalizations related to
the tricuspid valve compared to the overall average. The

Economic Burden of Heart Valve Diseases in Italy: A Real-World Analysis

estimated cost related to valve interventions was slightly
lower compared to that reported in a similar study (16).
A study conducted using real-world data in Spain reported
results similar to ours, with a hospitalization cost for SAVR
of €26,684 and for TAVI of €14,940 (37). As for the mitral
valve, a study on a cohort of patients in the United Kingdom
undergoing intervention reported an average cost of
around £16,000 (38). Studies on the direct costs of tricus-
pid valve intervention were conducted in the United States
and reported non-comparable costs due to the different
functioning of healthcare systems (39,40). These data con-
firmed the considerable economic burden of HVDs on the
Italian healthcare system, emphasizing the importance of
timely and effective interventions to reduce the costs asso-
ciated with hospitalizations.

The analysis of requests for social security benefits
revealed a significant increase in applications for HVDs and
disorders. In particular, requests related to the aortic valve
showed a more pronounced increase, followed by those con-
cerning the tricuspid and mitral valves. This result contradicts
the findings of the 2019 Global Burden of Disease, which esti-
mates a negative temporal trend for cardiovascular diseases
in terms of Disability Adjusted Life Years (DALYs) (41).

The estimate of social security benefits costs revealed an
annual expenditure of €28.9 million. In our analysis, these
costs constitute a minor fraction of the overall economic bur-
den, which is primarily driven by hospital admissions. This
expense category only partially represents the total indirect
costs related to overall cardiovascular diseases, which could
explain the cost trend going against expectations (19).

Although this study, to the best of our knowledge, is
among the first to provide a comprehensive description of
the epidemiology and economic burden of HVDs in Italy, using
real-world data, some limitations must be acknowledged.
First, the use of SDO limits the scope of the study to hospital-
based interventions, excluding non-surgical treatments and
outpatient care. Consequently, the study may underestimate
the overall number of patients affected by HVDs, particu-
larly those managed conservatively or with comorbidities
that preclude surgical interventions. Additionally, the social
security data used in this study is limited to applications for
disability and attendance allowances. This approach may
underrepresent the indirect costs borne by patients and their
families, such as productivity losses for family members pro-
viding care or out-of-pocket expenses for medications, spe-
cialist visits, and home-based rehabilitation. Third, our study
didn’t take into account potential regional disparities in the
treatment of valve diseases. The decentralized structure of
Italy’s healthcare system often results in regional differences
in the management and treatment of diseases. These dif-
ferences can stem from variations in economic resources,
healthcare infrastructure, and the availability of specialized
centers. Regional disparities can influence both access to
care and patient outcomes, potentially creating inequities
across the country (30). Factors such as procedural volumes,
availability of trained specialists, and organizational effi-
ciency of healthcare services contribute to these variations.
Higher-volume centers are often associated with better out-
comes, highlighting the importance of ensuring equitable
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access to specialized care across all regions (42). Finally, this
study focuses exclusively on the epidemiological figures and
associated costs of clinical cases where an intervention has
been performed. As such, the costs related to patients man-
aged conservatively with medical therapy are not included
in the analysis. This limitation may lead to an underestima-
tion of the overall economic burden of HVDs, as it excludes a
potentially significant subset of patients who do not undergo
surgical or transcatheter interventions.

The findings of this study underscore the significant eco-
nomic burden associated with HVD and highlight the need
for targeted policy actions. The PREVASC study, a large-
scale registry focused on asymptomatic individuals of age
65+, revealed the substantial prevalence of undiagnosed
and underreported valvular heart diseases, particularly in
aging populations (43). The analysis revealed that 3 out of
4 patients, despite not having a history of HVDs, presented
at least one valve defect. This percentage increased to 87%
in patients over 75. Early detection initiatives, such as sys-
tematic screening programs for high-risk groups (e.g., indi-
viduals over 65 years of age), should be prioritized, including
systematic auscultation and routine echocardiograms. These
programs could be complemented by raising awareness
among non-specialist physicians, to address gaps in detection
and diagnosis. Additionally, structured pathways for timely
interventions and multidisciplinary follow-up care should
be established to optimize outcomes and reduce mortality.
Public health efforts should include campaigns to enhance
patient engagement and empowerment, ensuring adherence
to treatment plans and promoting preventive measures.

Conclusions

This study highlights the growing impact of HVDs on pub-
lic health and the Italian healthcare system. HVDs pose a
clinically and socioeconomically relevant issue, and the man-
agement of these conditions requires a multidisciplinary and
personalized approach. Further efforts should be dedicated
to the prevention, early diagnosis, and treatment of HVDs to
reduce the healthcare burden and improve the quality of life
for patients.
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