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Abstract
Aim Cardiac diseases remain a leading cause of cardiovascular disease (CVD) related hospitalisation and
mortality. That is why research to improve our understanding of pathophysiological processes underlying cardiac diseases is of great importance. There is
a strong need for healthy and diseased human cardiac tissue and related clinical data to accomplish

this, since currently used animal and in vitro disease
models do not fully grasp the pathophysiological processes observed in humans. This design paper describes the initiative of the Netherlands Heart Tissue
Bank (NHTB) that aims to boost CVD-related research
by providing an open-access biobank.
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Methods The NHTB, founded in June 2020, is a nonprofit biobank that collects and stores biomaterial
(including but not limited to myocardial tissue and
blood samples) and clinical data of individuals with
and without previously known cardiac diseases. All
individuals aged ≥ 18 years living in the Netherlands
are eligible for inclusion as a potential future donor.
The stored samples and clinical data will be available
upon request for cardiovascular researchers.
Conclusion To improve the availability of cardiac tissue for cardiovascular research, the NHTB will include
extensive (cardiac) biosamples, medical images, and
clinical data of donors with and without a previously
known cardiac disease. As such, the NHTB will function as a translational bridge to boost a wide range of
cardiac disease-related fundamental and translational
studies.
Keywords Heart diseases · Registries · Translational
research · Tissue banks · Biological specimen banks

Introduction
Cardiac diseases remain a leading cause of hospitalisation and mortality related to cardiovascular disease
(CVD) [1, 2]. The prevalence of cardiac diseases is expected to rise even further in the coming years due
to the growing occurrence of CVD-related risk factors
and the ageing population [1, 3]. This makes research
into improved understanding of pathophysiological
processes underlying cardiac diseases of utmost importance.
To accomplish this, basic and translational research
with human cardiac tissue is pivotal [4–7]. However,
researchers often do not have access to these samples as there is no European centralised open-access
biobank. Easy availability of human cardiac tissue and
related clinical data would be an important asset for
many cardiovascular researchers and would strongly
improve the translation of pre-clinical findings to the
clinic and vice versa.
The aim of the NHTB is to boost a wide range of
cardiac disease-related fundamental and translational
studies. The NHTB does this by strengthening the cardiovascular research infrastructure with an open-access non-profit biobank. The NHTB will include cardiac tissue and related clinical data from donors with
and without known CVDs, which will increase our understanding of cardiac diseases during early and advanced disease development.

Methods
The NHTB will facilitate the following: i) create a better understanding of pathological changes underlying
cardiac diseases; ii) optimise (early) diagnosis of cardiac diseases by combining clinical data, imaging
data, and biosamples of donors with and without
known cardiac disease; iii) discover novel therapeutic
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targets or biomarkers to prevent, treat, or potentially
cure cardiac diseases.

Design
The NHTB (biobank-ID: bbmri-eric:ID:NL_hartenbank
[8]) is a biobank including both biomaterial and clinical data which was founded in June 2020 by the
Netherlands Heart Institute (NLHI: a collaboration
between all the cardiology departments of the Dutch
University Medical Centres). An overview of the samples collected in the biobank, the data dictionary, and
the procedure for data/sample requests is available
at www.hearttissuebank.nl. The study is performed
in accordance with the principles of the Declaration of Helsinki [9], and the European Union General
Data Protection Regulation (GDPR). An independent
Medical Ethics Committee (Amsterdam, the Netherlands) has approved this biobank and related registry.
All donors included in the NHTB provided written
informed consent for autopsy and the use of their
tissue and data pseudo-anonymised for research purposes; optional consent is asked for, among others,
genetic analysis and sharing of the data outside Europe and/or with commercial companies.

Inclusion and exclusion criteria
Individuals aged ≥ 18 years and living in the Netherlands are eligible for inclusion. Individuals will not be
included in the biobank if they are unable or unwilling
to provide written informed consent.
As a result, not only individuals with a previously
known cardiac disease (such as ischaemic cardiomyopathy, genetic cardiomyopathy, idiopathic (dilated)
cardiomyopathy) based on current knowledge [10] are
included as donor, but also subjects without a known
medical history of any cardiomyopathy.

From donor registration towards scientific research
The general public is informed about the existence of
the NHTB and about the registration process to become a future donor by advertisements on social media, newsletters, and by treating physicians. Currently,
additional communication strategies are developed in
collaboration with the Dutch Heart Foundation.
Every eligible subject can request the NHTB information package and registration form at www.
hearttissuebank.nl. The potential future donor has
the possibility to register for future donation by returning the signed registration form. Any questions
related to the registration process can be answered
by the NHTB team by phone or e-mail. The future
potential donor fills in a short questionnaire upon registration to give more insight into their current health
status and to obtain up-to-date contact information
of their treating physician(s) (Fig. 1). Cooperation of
people close to the potential donor is necessary to
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Fig. 1 From donor registration to basic and translational research to accelerate our understanding of the development
and progression of cardiac diseases and discover novel (pre-

ventive) therapeutic targets. All individuals aged ≥ 18 years
living in the Netherlands are eligible for inclusion as potential
future donor. Designed by Berg designs (www.bergdesigns.nl)

ensure future donation; therefore, the potential future
donor also appoints a confidant who signs the related
registration form.
When a potential donor dies, a team, which is 24/7
available, will be called by the appointed confidant (or
treating physician). The heart donation is performed,
and biosamples are collected according to the standard autopsy protocol at the Amsterdam UMC, location VUmc (Amsterdam, the Netherlands), after which
the body of the donor is returned to his relatives as
soon as possible (Fig. 1).
Biosamples are stored within the biobank of the
NHTB (Durrer Center) [11] and clinical information is
stored within the electronic case report form (eCRF)
after the autopsy has been performed. All stored samples and data, labelled with a unique alphanumeric
code, can be used by external researchers for downstream analysis. All data and material requests will be
evaluated by an independent Data Access Committee.
The Data Access Committee makes recommendations
for approval and rejection of access requests and ensures that the consent given by the donor aligns with
the proposed research use of the material and data.
The NHTB, founded in June 2020, has currently already included the first samples and expects that in

2023, 500 potential future donors will be registered
and 15 NHTB autopsies will have been performed.

Biosamples and data collection
After the heart donation, macroscopic and microscopic inspection of the heart is performed by a pathologist with cardiovascular expertise and a report of the
findings will be saved in the eCRF alongside all information available related to the cause of death and
timing of autopsy.
The samples will be available as frozen tissue
blocks, formalin-fixed paraffin-embedded tissues,
blood samples (including serum and plasma) and
samples for electron microscopy (EM) analysis. Samples that currently are included in the Heart Tissue
bank include blood samples from the right ventricle
(stored frozen as serum and plasma), (transmural) left
ventricular and right ventricular samples (as frozen
tissue blocks; formalin-fixed paraffin-embedded tissues; samples for electron microscopy analysis), left/
right atrial appendage and epicardial fat (as frozen
tissue blocks), and transversal tissue of the pulmonary
artery/veins, ascending aorta, and coronary arteries
(as frozen tissue blocks). An up-to-date overview of
the available samples and quality control checks are
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provided at www.hearttissuebank.nl. It should be
stated that for certain downstream analyses, a lengthy
post-mortem delay could result in significant artefacts (e.g., due to RNA degradation or proteolysis).
The post-mortem delay information will be available
for the researchers during sample collection requests
to take this into account.
The NHTB team will request medical data from
treating physicians after the autopsy is performed.
These data include, but are not limited to, the medical
history, adverse events and diagnostic measurements
performed as part of routine clinical care (an up-todate data dictionary, including the information requested, is available at www.hearttissuebank.nl). The
diagnostic measurements include results and/or images obtained from electrocardiography, transthoracic
echocardiography, computed tomography, and magnetic resonance imaging. All data collection processes
are in line with the FAIR data principles [12] and Good
Clinical Practice (GCP) guidelines [13]. The variables
included in the database are linked to well-known ontologies (bio-ontology and SNOMED-CT).

Collaboration with the Netherlands Brain Bank
(NBB)
The Netherlands Brain Bank (NBB) and NHTB have
joined forces to share facilities, expertise, expenditures and allow donors to become both brain
and heart donor to further allow unravelling of the
complex interplay between both organs. The NBB,
founded in 1985, is a professional organisation that
performed over 4500 brain autopsies and currently
has over 5000 brain donors registered. The NBB has
already decades of experience as a non-profit organisation in providing brain tissue (of individuals with
neurological and psychiatric disorders and donors
without these conditions) with extensive neuropathological and clinical data to accelerate fundamental
and translational research. The NBB performs autopsies 24/7 according to standardised protocols, and
together with the small population of the Netherlands, this results in a minimised post-mortem delay
of, on average, 6.5 h. This results in excellent tissue
quality suitable for the latest techniques. The NBB
is renowned worldwide for the size and quality of
its tissue and data, and the research it facilitates annually results in over hundred publications [14, 15].
Researchers can view tissue availability in an online
database, and applications are evaluated by the NBB’s
advisory board. All donors or their representatives
provide informed consent for autopsy, storage and
use of their tissue, and processing of clinical and neuropathological data for research purposes. The NBB’s
procedures were approved by an independent Medical Ethics Committee (Amsterdam, the Netherlands).
More information is provided at www.brainbank.nl.
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Discussion
The Netherlands Heart Tissue Bank (NHTB) is a biobank initiated to provide researchers with easy and
immediate access to (cardiac) biosamples and related
clinical data. The central position of the NLHI in the
Netherlands, and the years of experience and joined
forces with the Netherlands Brain Bank (NBB), puts
the NHTB in a unique position to establish the first
European open-access non-profit Heart Tissue Bank.
In the United States [16], Canada [5, 17], and Australia [6], centralised cardiac repositories are more
common. However, these biobanks often do not provide clinical and imaging data during life or do not
include cardiac tissue of individuals without (known)
cardiac diseases. The NHTB will provide a unique
source of high-quality cardiac tissues with accompanying medical data for researchers, thereby facilitating
and improving the quality of cardiovascular research.
Due to its central and pioneering role in cardiovascular research in Europe, the excellent infrastructure between hospitals, the multidisciplinary collaborations between cardiologists, geneticists, pathologists and pre-clinical researchers, the years of experience of the NBB, and the close collaboration between
patient organisations, health foundations and the academic community, the Netherlands is the ideal place
to establish this cardiac tissue biobank. If successful,
the NHTB will increase the quality and speed of cardiovascular research throughout Europe and beyond.

Conclusion
To improve the availability of cardiac tissue for cardiovascular research, the NHTB will include extensive (cardiac) biosamples, medical images and clinical data of donors with and without previously known
cardiac disease. As such, the NHTB will function as
a translational bridge to boost a wide range of cardiac
disease-related fundamental and translational studies.
Funding This work was supported by the Dutch Heart Foundation (2018T097), the Netherlands Heart Institute (NLHI),
and the PLN Heart Foundation [18], we would like to thank
them for their support. Additionally, the authors would like
to acknowledge Berg Designs for designing the infographic
(www.bergdesigns.nl), all employees of the NBB and NHTB
(an up-to-date overview of all employees involved is provided
at www.brainbank.nl and www.hearttissuebank.nl), and the
advisory board of the NHTB (more details are provided at
www.hearttissuebank.nl). The authors also would like to acknowledge all current and future involved healthcare workers
and researchers who are crucial for the clinical care provided
and data obtained of the (future) donors included in this
biobank. Finally, we would like to thank all (future) donors,
without them this initiative would be impossible.
The (future) work of the NHTB is not possible without financial
support. Would you like to make a financial contribution to
the NHTB? Go to www.hearttissuebank.nl

Original Article – Study Design Article

Conflict of interest M.T.H.M. Henkens, J.F. van Ast, A.S.J.M. te
Riele, A.C. Houweling, A.S. Amin, R. Nijveldt, M.L. Antoni,
X. Li , S.M.T. Wehrens, J.H. von der Thüsen, K. Damman,
E.N. ter Horst, O.C. Manintveld, R.Y. Abma-Schouten,
H.W.M. Niessen, H.H.W. Silljé, J.W. Jukema and P.A. Doevendans declare that they have no competing interests.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Roth GA, Mensah GA, Johnson CO, et al. Global burden
of cardiovascular diseases and risk factors, 1990–2019:
update from the GBD 2019 study. J Am Coll Cardiol.
2020;76:2982–3021.
2. de Boer AR, van Dis I, Wimmers RH, et al. Hart- en vaatziekten in Nederland 2020. 2020. https://www.hartstichting.
nl/getmedia/74a18eeb-e602-41bf-8a2c-c3932108e89b/
cijfers-hart-vaatziekten-nederland-2020.pdf. Accessed 21
Oct 2021.
3. ZiaeianB,FonarowGC.Epidemiologyandaetiologyofheart
failure. Nat Rev Cardiol. 2016;13:368–78.
4. Weldy CS, Ashley EA. Towards precision medicine in heart
failure. Nat Rev Cardiol. 2021;18:745–62.
5. Zhang H, Viveiros A, Nikhanj A, et al. The human explanted
heart program: a translational bridge for cardiovascular
medicine. Biochim Biophys Acta. 2021;1867:165995.

6. Dos Remedios CG, Lal SP, Li A, et al. The Sydney Heart
Bank: improving translational research while eliminating
or reducing the use of animal models of human heart
disease. Biophys Rev. 2017;9:431–41.
7. Litvinukova M, Talavera-Lopez C, Maatz H, et al. Cells of the
adult human heart. Nature. 2020;588:466–72.
8. BBMRI Catalogue. Heart tissue bank. 2022. https://
catalogue.bbmri.nl/menu/main/app-molgenis-app-bio
bank-explorer#/collection/bbmri-eric:ID:NL_hartenbank:
collection:hartenbank. Accessed 26 Feb 2022.
9. World Medical Association. Declaration of Helsinki: ethical
principles for medical research involving human subjects.
JAMA. 2013;310:2191–4.
10. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC
guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur Heart J. 2021;42:3599–726.
11. Durrer Center. Biobank. 2021. https://www.durrercenter.
nl. Accessed 21 July 2021.
12. Wilkinson MD, Dumontier M, Aalbersberg IJ, et al. The
FAIRguiding principlesfor scientificdatamanagementand
stewardship. Sci Data. 2016;3:160018.
13. European Medicines Agency. Good clinical practice guideline. 2021. https://www.ema.europa.eu/en/ich-e6-r2good-clinical-practice. Accessed 21 July 2021.
14. Netherlands Brain Bank. Publications. 2021. https://
www.brainbank.nl/research/publications/. Accessed 21
July 2021.
15. Huitinga I, de Goeij M, Klioueva N. Legal and ethical issues
in brain banking. Neurosci Bull. 2019;35:267–9.
16. Duke. Human heart repository. 2022. https://surgery.
duke.edu/research/service-centers/duke-human-heartrepository. Accessed 21 Juli 2021.
17. The Cardiovascular Tissue Registry. The heart biobank at St.
Paul’s Hospital. 2021. http://heartbiobank.ca. Accessed 21
July 2021.
18. PLN Genetic Heart Disease Foundation. Web site. 2021.
https://en.plnheart.org. Accessed 21 July 2021.

The Netherlands Heart Tissue Bank

