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Abstract
Cardiovascular diseases (CVD) are dis-

orders of the heart and blood vessels and
represent 31% of all global deaths. In the
contest of CVD, the use of animal experi-
ments has been a contentious subject for
many years. In recent years, in vitro and in
silico models and methods have been pro-
posed according to the 3Rs statement.
However, an exhaustive report regarding
the state of art in terms of in vitro and in sil-
ico experiments has not been reported yet.
This work is focused on providing a collec-
tion of non-animal models and methods in
use for basic and applied CVD research.
The standardized descriptions of such stud-
ies will ultimately feed into EURL ECVAM
database on alternative methods. Two are
the research main phases. Firstly, the exclu-
sion/inclusion criteria and the list of rele-
vant information resources of the research
have been defined. The second phase
regards the search, selection and detailed
description of the literature papers by
analysing records on Scopus and Pubmed
databases.

Introduction
Prevalence of cardiovascular disease

(CVD) has been increasing worldwide, and
the recent report from AHA1 indicates over

90 million US adults have at least one CVD,
which is expected to increase more in a
rapid pace. In the contest of CVD, the use of
animal experiments has been a contentious
subject for many years. In recent years, sev-
eral in vitro and in silico models and meth-
ods have been proposed according to the 3R
statement. However, despite a significant
amount of literature in the CVD research
field, to date, a complete mapping regarding
the state of art in terms of efficacy and
translational research efficiency is not
reported.

In line with such service, the goal of this
work is to provide a collection of non-ani-
mal models and methods in use for basic
and applied CVD research with information
on their development status, applications or
predictive value in the field of human car-
diovascular diseases. The standardized
descriptions of such studies will ultimately
feed into a EURL ECVAM inventory on
innovative methods.

Materials and Methods
Our research is organized in two main

phases: the first phase is dedicated to the
setting up of the methodologies, including
the exclusion/inclusion criteria and format
for the method summaries, the list of rele-
vant information resources and the pro-
posed search phrases. The second phase
focuses on the actual performance of the lit-
erature search, selection of the methods,
analysis and their detailed description. The
search was performed analyzing records on
Scopus, including Pubmed database.

Results
Our preliminary results depict an

amount of 14743 research papers on
impacted journals in CVD field without the
usage of animal models. Cardiovascular
Surgical and interventional Procedures
(with/without devices) include about 38%
of the records (Figure 1). Regarding the
CVD pathologies, the myocardial ischemia
is the disease where most of non-animal
methods and models are applied. 

Correspondence: Simona Celi, BioCardioLab,
Bioengineering Unit, Fondazione Toscana G.
Monasterio, Massa, Italy.
E-mail: s.celi@ftgm.it

Key words: Cardiovascular diseases; non-ani-
mal methods; state of art; in silico; in vitro.

Funding: this project is supported by Tender
JRC/IPR/2018/F3/0035/OC grant.

Conference presentation: this paper was pre-
sented at the Second Centro 3R Annual
Meeting - 3Rs in Italian Universities, 2019,
June 20-21, University of Genoa, Italy.

Received for publication: 28 October 2019.
Accepted for publication: 11 November 2019.

This work is licensed under a Creative
Commons Attribution NonCommercial 4.0
License (CC BY-NC 4.0).

©Copyright: the Author(s), 2019
Licensee PAGEPress, Italy
Biomedical Science and Engineering 2019; 3(s3):112
doi:10.4081/bse.2019.112

[page 18]                                           [Biomedical Science and Engineering 2019; 3(s3):112]

                             Biomedical Science and Engineering 2019; volume 3(s3):112

Figure 1. Records categorization.
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Conclusions
These results seem to be in accordance

with the effort of the EU community con-
cerning the past projects in cardiovascular
devices and point out fundamental details
on further effort by the Community to cope
missing research topic. The outcome of this

study will be crucial to contribute to the
uptake, implementation and promotion of
non-animal methodologies in biomedical
research, thus contributing to the reduction
of the reliance on animal use.
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