
Biomedicine Advances

A failing heart is far more challenging than a 
single organ insufficiency, as it can progress to a 
deteriorating condition with multi-organ impact 

and life-threatening outcomes.1 Current therapeutic 
approaches focus on decelerating disease progression 
rather than restoring or preserving cardiac function.2 
Therefore, a shift toward more restorative biomedical 
approaches, including regenerative medicine, is 
necessary.3

Considerable research has been dedicated to cell-, 
gene-, and tissue-based therapies for heart failure. Over 
the past two decades, multiple cell types have been used 
for cardiac stem cell therapy, including bone marrow-
derived multipotent stem cells, human pluripotent stem 
cells (hPSCs), and hPSC-derived cardiac progenitor cells 
and cardiomyocytes.4 However, according to available 
reports, the observed therapeutic effects have not been 
clinically significant, and this approach has not become 
standard therapy. Limited retention and no signs of 
remuscularization have been suggested as underlying 
reasons, because a failing heart requires a substantial 
number of new contracting cardiomyocytes to restore 
sufficient pumping function. In contrast, tissue-based 
models have appeared promising in this regard. Engineered 
heart tissue, or cardiac patch, is a three-dimensional (3D) 
laboratory-grown model comprising different types 
of heart muscle cells as well as extracellular matrix. In 
principle, these tissues are formed from pre-differentiated 
cells derived from cardiogenic differentiation of 
hPSCs. Signs of remuscularization have been observed 
following implantation of 3D tissue-engineered allografts 
and xenografts in small and large animal models.5-12 
Importantly, large animal studies—particularly the 2025 
report by Jebran and colleagues on allograft engineered 
heart muscle (EHM)—provided early proof-of-concept 
for the safety and efficacy of this new approach in heart 
failure, findings that could not be conclusively derived 
from small animal studies alone.12-17 In xenograft models, 
the observed effects were determined to be partially 
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induced by immune responses 18 or paracrine mechanisms 
19, 20, rather than by remuscularization.

These findings led to the authorization of the first-
in-patient Phase 1/2 clinical trial (ClinicalTrials.gov 
NCT04396899), named BioVAT-HF-DZHK20 in 
Germany, which aims to explore the safety and efficacy 
of allograft EHM. Primary results from an early BioVAT-
HF patient receiving 10 EHM implants recapitulated 
large animal findings with respect to safety and 
remuscularization of the failing heart.12 Furthermore, 
these results provided the basis for protocol revisions, 
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such as increasing the dose of EHM implants to up to 
20.12 Unlike intramyocardial injections, epicardial EHM 
implants have shown no signs of arrhythmia, reducing 
concerns regarding this major adverse effect.12-16

In a nutshell, EHM studies have revived hopes for 
a novel cell-based therapy for heart failure and have 
demonstrated that these tissue-engineered models are 
superior to other non-myocyte grafts, as they result in 
functional remuscularization.5,21 The findings of the 
currently ongoing clinical trial will be critical for future 
decision-making regarding next-generation therapies for 
advanced heart failure.22 
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