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Abstract

Introduction The accessibility of left ventricular assist
device (LVAD) therapy is a crucial factor in the survival
and quality of life of patients suffering from advanced
heart failure. However, there is a lack of clarity re-
garding the utilization of this therapy across regions
in the Netherlands as well as whether any disparities
exist based on socioeconomic status (SES). This study
aimed to determine the utilization of LVAD therapy at
a regional level using administrative data and to iden-
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tify potential disparities based on SES by comparing
postal code data to demographic governmental data.
Methods All patients aged 16 or older who under-
went a primary LVAD implantation between 2015 and
2024 were included. The data was visualized with
a heatmap using Python.

Results A total of 710 patients received an LVAD dur-
ing the study period. LVAD utilization was lower in the
southernmost regions compared to the northernmost
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What’s new?

Left ventricular assist device utilization across the
different regions of the Netherlands

e Differences exist in the utilization of LVADs
across different regions of the Netherlands
among adult patients who received primary im-
plantation during the study period (2015-2024).

e No disparities were identified in LVAD utiliza-
tion between different socioeconomic status cat-
egories.

e Future research should focus on identifying fac-
tors associated with referral for advanced heart
failure therapies.

regions and varied in the central regions. An ANOVA
test between SES groups did not show significant dif-
ferences in LVAD utilization (p=0.20).

Conclusion The findings of this study indicate that
there are notable variations in the utilization of LVAD
therapy across different geographical regions in the
Netherlands. Nevertheless, no differences in LVAD
use were found between areas with different SES cat-
egories. Future research should focus on identifying
the underlying factors associated with referral for ad-
vanced heart failure therapies to ensure equitable ac-
cess to LVAD therapy.

Keywords Heart Failure - Left Ventricular Assist
Device - Healthcare Utilization - Healthcare
Disparities - Socioeconomic Status

Introduction

Over the past two decades, left ventricular assist de-
vice (LVAD) implantation has gained acceptance as
a therapy for patients suffering from advanced heart
failure [1]. Due to technical innovations and improved
quality of multidisciplinary management, LVAD ther-
apy is now used as a bridge to heart transplantation,
a bridge to candidacy or decision, or as destination
therapy, offering an appropriate alternative for those
ineligible for heart transplantation [2]. Continuous-
flow, fully magnetically levitated LVADs are now the
mainstay of therapy, and the outcome for these pa-
tients continues to improve with a one-year survival
rate of 83% [3]. The pivotal MOMENTUM 3 random-
ized trial reported a five-year survival rate of 58% for
patients using the Heartmate 3 [4]. More recent Eu-
ropean data report a similar five-year survival rate of
54-63%, proving LVAD therapy to be a life-saving and
quality-of-life-enhancing treatment for patients with
advanced heart failure [5, 6].

Since the implementation of LVAD therapy as des-
tination therapy in the Netherlands in 2015, an in-
creasing number of patients have undergone LVAD
implantation. Between 2016 and 2020, the number of

implantations increased from 73 to 106 per year [7].
Yet, LVAD utilization remains limited in the context
of heart failure being the fifth most frequent cause of
death in the Netherlands [8]. However, little is known
about the utilization of LVAD therapy at a regional
level. The Netherlands has four LVAD implantation
centers, which operate in a ‘hub and spoke’ configu-
ration with referring secondary care centers [9]. Un-
derstanding the regional distribution of LVAD recipi-
ents in the Netherlands is essential to evaluate access
to LVAD care and for identifying potential disparities.
This is relevant, since identification and referral to ad-
vanced heart failure centers is often delayed and con-
tinues to be a critical challenge [10, 11]. In this light,
the number of LVAD implantations may indirectly re-
flect referral for advanced heart failure therapies in
general.

Easy access to heart failure therapy is critical to
prevent high mortality rates and improve health out-
comes, especially for patients with advanced heart
failure [9]. Demographic factors such as socioeco-
nomic status (SES) may influence access to LVAD ther-
apy. Previous research has shown that lower SES is
associated with a lack of specialist referral, a higher
risk of morbidity and mortality in patients with heart
failure, and lower use of cardiac resynchronization
therapy (CRT) and the number of implantable car-
dioverter defibrillator (ICD) implantations [12]. How-
ever, to date, no studies have focused on the effect of
SES on LVAD implantation rates in the Netherlands.

The primary objective of this study was to visualize
the utilization of LVAD therapy in different postal code
areas in the Netherlands. The secondary objective was
to describe LVAD utilization at the postal code level, in
relation to population characteristics, including SES
and prevalence of cardiovascular mortality. Insights
from this study may contribute to the future devel-
opment of strategies to promote access to advanced
heart failure care, including increased awareness of
LVAD therapy.

Methods

A retrospective multicenter study was conducted uti-
lizing anonymous administrative data from patients
who underwent IVAD implantation at one of the four
Dutch implantation centers (Erasmus Medical Center
Rotterdam, Leiden University Medical Center, Univer-
sity Medical Center Groningen, and University Medi-
cal Center Utrecht) in the Netherlands as enrolled in
the European Registry for Patients with Mechanical
Circulatory Support (EUROMACS) [13]. In addition,
cardiovascular mortality and SES data were obtained
from the open-access database of Statistics Nether-
lands (CBS) [14, 15].
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Study population

All consecutive patients aged 16 years and older who
underwent LVAD implantation between January 2015,
and January 2024, in one of the four centers were in-
cluded. Furthermore, only primary implantations of
patients who were both residing and implanted in the
Netherlands were included.

Data collection

Residential data of all patients who were implanted
with an LVAD between 2015 and 2024 were collected
from the administrative database of participating
centers. For privacy purposes, residential data were
categorized by 2-digit postal code areas. Open-access,
population-based mortality data due to cardiovascu-
lar disease of 2019 were collected from StatLine at the
provincial level [14]. Furthermore, open access, pop-
ulation-based SES data of 2019 were collected from
CBS at the 4-digit postal code level [15]. CBS uti-
lizes the SES-WOA score to determine SES. SES-WOA
(Welvaart, Opleidingsniveau, recent Arbeidsverleden)
is a composite score that integrates welfare, educa-
tion level, and employment record. Higher SES-WOA
scores indicate a higher SES classification [16]. SES-
WOA scores for the 2-digit postal code areas were
calculated as the median of the SES-WOA scores of
the corresponding 4-digit postal code areas. In case
of missing values, the SES-WOA score of the 4-digit
postal code area was replaced with the median of the
corresponding 2-digit postal code area. Data from
2019 was used for both the SES-WOA scores and
cardiovascular mortality, since this year is the mid-

point within the data collection period and before
the COVID-19 pandemic, which may have influenced
cardiovascular mortality especially.

Ethics statement

This retrospective multicenter study used anonymous
administrative data as well as open government data
and did not involve direct participation of human sub-
jects.

Outcomes

The primary outcome was the number of patients im-
planted with an IVAD per 1mio. population in each
2-digit postal code area. The secondary outcome was
the frequency of IVAD implantation per postal code
area, stratified by SES.

Data analysis

To illustrate the number of IVAD implantations per
1mio. population per postal code area, a heatmap
was created using Python (version 3.12, Wilmington,
Delaware, USA). SES-WOA scores were divided into
four quartiles, with SES1 being the lowest and SES4
being the highest. LVAD utilization relative to popula-
tion size was compared between all four SES quartiles
using one-way ANOVA. A p-value of 0.05 was consid-
ered statistically significant. Statistical analysis was
performed using Python.

Left ventricular assist device utilization across the Netherlands

Study period: 2015-2024

N =710 primary
LVAD implantations

Regional differences exist
in LVAD utilization

LVAD utilization is
comparable between
SES groups

Annual number of LVAD implantations per 1 million population
0.0-3.21
° 321-464
® 464-6.79
® =679

LVAD Implanting Center

NETHERLANDS
HEARTJOURNAL

Fig. 1

Annual number of implantations per 1 mio. population for each 2-digit postal code area in the Netherlands. Implanting

centers are indicated in yellow, with marker size corresponding to the number of implantations per center
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Fig. 2 a Cardiovascular
deaths per 1mio. popula-

Cardiovascular deaths per
1 million population

Median SES-WOA score
per postal code area

tion in 2019 per provincial

1457 - 1956
area in the Netherlands [12] o 1956 - 2309
and b Median SES-WOA e 2309-2607

score per 2-digit postal
code area in the Nether-
lands. SES-WOA: Socio-
economic Status—Welfare,
Educational Level, Employ-
ment History [13]

= 2607

o SES1 (-0.33--0.03)

® SES2(-0.03-0.06)

® SES3(0.06-0.11)

SES4 (0.11 - 0.21)
-

Results

Cardiovascular diseases as a cause of death in 2019
were highest in the provinces Drenthe, Limburg, and
Zeeland, while it was the lowest in Noord-Holland,
Flevoland, and Utrecht according to the data from
the CBS. Figure 1a shows a heatmap of cardiovascular
mortality in the Netherlands, with a darker red indi-
cating higher rates. Figure 1b shows the SES-WOA
score distribution in the Netherlands, demonstrating
the four quartiles of the 2-digit postal code SES-WOA
scores (SES1: -0.33—0.03; SES2: -0.03-0.06; SES3:
0.06-0.11; SES4: 0.11-0.21).

LVAD implantations

During the study period of 9 years, 710 patients in
the Netherlands were implanted with an LVAD with
amean of 79 implantations per year. This corresponds
with 4.6 implantations per 1 mio. population annually.

Figure 2 depicts a map of the Netherlands with the
number of LVAD implantations illustrated in quartile
bins (0.0-3.21; 3.21-4.64; 4.64-6.79; =6.79 per 1mio.
population). Implantation frequency was the highest
in the northern regions, varied in the central regions,
and was lowest in the southern regions. In yellow,
the four implantation centers are indicated; their size
corresponds to the annual number of implantations.

An additional analysis was performed to study
the effect of the distance between the 2-digit postal
code area of the patient and the implanting center.
For this analysis, the straight line distance between
each 2-digit postal code area and the 2-digit postal
code area of the nearest implantation center was cal-
culated. Subsequently, the correlation between the
distance and implantation frequency was calculated.
This resulted in a Pearson correlation coefficient of
-0.13 and a p-value of 0.21.

Figure 3 demonstrates the distribution of the me-
dian SES-WOA scores at corresponding LVAD implan-
tation frequency per region. SES1, the lightest purple,
represents a SES-WOA score between —0.03 and —0.33,
while SES4 in the darkest color, represents a SES-WOA
score between 0.11 and 0.21. One-way ANOVA re-
sulted in a p-value of 0.20, showing that in this sample,
there was no significant difference in LVAD implanta-
tion between the four SES categories (Table SI).

Discussion

In this descriptive study, we visualized the regional
distribution of IVAD implantations in the Netherlands
from 2015 to 2024. Also, we compared implantation
rates between different levels of SES. We noted dif-
ferences in LVAD utilization between postal code ar-
eas, with a higher frequency of LVAD implantation
per 1mio. population in northern and central re-

Annual number of LVAD implantations per 1 million population

c

2 for different SES-WOA scores

[i:]
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Fig. 3 Annual number of LVAD implantations per 1 mio. pop-
ulation for different socioeconomic status scores (p=0.20)
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gions. Additionally, this study demonstrates that there
is no significant relation between distance to the im-
plantation center and implantation frequency. Simi-
lar to the higher implantation rate, the cardiovascular
mortality was also high in the northern regions. In
contrast, areas in the southern parts of the country
show substantially lower rates of LVAD implantation,
while cardiovascular mortality was also high in south-
ern provinces. Here, it should be mentioned that al-
though related and therefore showing the distribution
of cardiovascular diseases in the Netherlands, heart
failure is only one of the cardiovascular diseases that
can cause a high cardiovascular mortality.

The average annual rate of LVAD implantation in
the Netherlands corresponds to 4.6 per 1 mio. popu-
lation. As compared with a survey by the European
Society of Cardiology, the Netherlands ranks among
the countries in Europe with the highest implanta-
tion rates per 1mio. population. Compared to its
neighboring countries, the Netherlands ranks lower
than Germany (13.9), but still higher than Belgium
(4.1), Denmark (3.2), and the United Kingdom (0.6)
[17]. This may be partly explained by the lack of
reimbursement for destination therapy for LVADs in
some of these countries and long waiting times for
heart transplantation in the Netherlands, necessitat-
ing long-term LVAD therapy. Although the implanta-
tion rate in the Netherlands is high by European stan-
dards, there is room for improvement in the utilization
of LVAD therapy, as it is expected that a proportion of
patients with advanced heart failure, the fifth lead-
ing cause of death in the Netherlands for years, will
be overlooked. The underutilization of LVAD therapy;,
a potentially life-saving therapy in these patients, has
been previously described [18]. Strikingly, research
using market data across European countries showed
that the utilization of LVAD devices does not mirror
the increase in heart failure mortality [19]. Therefore,
raising awareness for recognition of advanced heart
failure and timely referrals remains critical.

Low SES is associated with an increased incidence
of heart failure, related adverse events, and mortality
[20]. Moreover, research shows that lower SES is also
associated with lower utilization of potentially life-
saving device therapy, including CRT and ICD [12].
However, studies have not yet assessed the influence
of SES on LVAD utilization. In our study, no significant
differences were observed in LVAD utilization between
areas in different SES categories. These results suggest
that the use of LVAD therapy in the Netherlands was
not influenced by SES. Nevertheless, it is unknown
what the need for IVAD therapy is for different SES
scores. This need could be different over the differ-
ent SES groups, for example, due to the association of
low SES with increased incidence of heart failure and
differences in therapy, possibly causing an underesti-
mation of the effect of SES on implantation frequency
[12, 20].

The observed geographic differences in LVAD uti-
lization may be explained by several other factors,
such as the level of awareness of referral criteria
among physicians and ability to identify optimal
timing of referral to advanced heart failure centers.
Physicians have been found to overlook potential
LVAD candidates due to older age or comorbidities
and are still adhering to previously strict criteria for
heart transplantation [21]. Timely referral is a criti-
cal factor in improving outcomes for advanced heart
failure patients who may benefit from ILVAD therapy.
Particularly for relatively younger heart failure pa-
tients aged <70 years, who were initially eligible can-
didates, the disease progression and comorbidities
can make a patient ineligible for both transplanta-
tion and LVAD therapy [9, 22]. LVAD utilization could
also depend on the patient’s awareness of available
advanced HF treatment options. Patients generally
rely on their treating physician for this information
[23]. Furthermore, physicians should have sufficient
clinical confidence in LVAD therapy in eligible pa-
tients [10]. Therefore, understanding the awareness
of referral criteria among health care providers and
patients, along with reasons behind both referral and
non-referral, could offer valuable context for regional
utilization of LVAD therapy. In future research, tem-
poral analysis of the annual implantation rate at the
regional level can show changes over time. Such year-
by-year information may provide actionable insights
for improving access to LVAD therapy.

Limitations

For interpretation of the results, it should be noted
that in this study, the most recent available residential
data was used to determine LVAD implantation fre-
quency. Additionally, referrals to implanting centers
outside the Netherlands were not taken into account,
which could potentially lead to underestimation of the
number of implantations. However, considering the
healthcare reimbursement system in the Netherlands,
this number is expected to be negligible.

Also, in this study, we used the median SES-WOA
score per 2-digit postal code area. Within these ar-
eas, differences in SES-WOA scores may exist at the
individual level. For a more detailed analysis of the
relation between individual IVAD implantation and
SES-WOA score, household SES-WOA scores could be
reviewed.

Furthermore, the observed regional utilization of
LVAD therapy may also be impacted by several other
related factors. These could be patient-related factors,
such as heart failure incidence, corresponding age,
comorbidities, and logistical factors such as mobility.
Although detailed information about these topics was
not available for analyses in this study, these factors
are not likely to be reversely correlated to cardiovas-
cular mortality and would therefore not explain the
geographical inequity observed in our study. A gen-
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eral impression of baseline characteristics of patients
implanted with an IVAD between 2016 and 2020 in
the Netherlands is provided by Damman et al. [7].
Other factors that could have impacted LVAD utiliza-
tion may be linked to physician awareness, referral
patterns, and inter-hospital agreements and collabo-
rations. An example of the latter can be the use of
a shared care model as described by Drost et al. [24].

Overall, utilization of LVAD therapy may depend on
many factors and results from a comprehensive inter-
action between the referring center, implanting cen-
ter, and the patients’ needs and preferences, which
are not all covered in the data presented in this study.
Therefore, conclusions on causal relationships could
not be drawn. The use of advanced heart failure data
at the regional level would have enabled us to study
the relation between advanced heart failure incidence
and LVAD utilization. Unfortunately, this data was
not available. To allow for such analyses, we rec-
ommend further improving the availability and com-
pleteness of detailed heart failure databases at the na-
tional level, such as the Netherlands Heart Registra-
tion and Heart4Data [25, 26].

Conclusion

In conclusion, this study shows that there are regional
differences in the use of LVAD therapy in the Nether-
lands. No differences in LVAD use were found between
areas with different SES categories. Several other hy-
potheses may provide an explanation for the observed
regional differences, such as lower recognition of pa-
tients meeting the criteria for advanced heart fail-
ure therapy and/or referral bias. Further research is
needed to identify the underlying factors associated
with the identification of patients with advanced heart
failure and timely referral to potentially life-saving so-
lutions for end-stage heart failure.
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