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Organ transplantation represents a major medical
advancement that has been consistently improved through
ongoing developments. Its significance is emphasized by
recent research demonstrating organ transplantation’s
substantial impact on improving quality of life (QoL) [1]. The
Canadian Institute for Health Information (CIHI) reports that
approximately 3,428 organ transplants were conducted
in Canada in 2023 [2]. Advancements in biotechnology
have been shown to have a profound impact on solid
organ transplantation. For example, the use of spatial
transcriptomics in organ transplantation shows promising
results, providing hope to refine transplant rejection
phenotypes and scoring [3]. However, advancements
present significant ethical challenges, particularly
pertaining to 3D-printed organs and xenotransplantation.
These issues must be thoughtfully addressed to ensure
that organ transplantation practices remain ethical and
responsible.

Advancements in biological tissue engineering have led
to several breakthroughs in building various vascularized
tissues for organs, including the heart, liver, lung and
kidney [4]. Recently, tissue engineering technologies
for the creation of vascular networks have also begun
to include microfluidics, organ-on-chip systems, and 3D
printing [4]. Building an artificial organ using 3D printing
involves constructing a three-dimensional pre-designed
microstructure through the integration of multiple 2D
patterns generated by computer-aided technology [5].
This procedure leads to a scaffold consisting of precise
deposition of biomaterials [4]. In essence, 3D printing is
an excellent alternative to traditional organ transplants
with a donor and recipient, however, clinical trials are
still needed to establish their safety and efficacy. Another
transplantation approach is xenotransplantation, which
entails transferring animal organs into humans [6]. The main
challenges associated with xenotransplantation include
the risk of organ rejection due to the recipient’s immune

response and the potential for cross-species transmission
of pathogens [6]. However, several advancements have
been made over the years to enhance xenograft survival.
For example, attempts have been made to alleviate the
host response by genetically modifying the donor animals
[6]. Molecular mechanisms underlying host immune
rejection alongside strategies to overcome them have also
been identified. Nevertheless, significant health and ethical
concerns regarding xenotransplantation persist.

As previously noted, ethical dilemmas related to organ
transplantation must be addressed. One notable ethical
issue is the use of xenogeneic cells in 3D-printed organs.
The primary concern pertains to potential psychological
and sociological problems that may arise [7]. These
may include psychosocial problems associated with the
recipient’s identity resulting from xenotransplantation or
cognitive dissonance due to religious beliefs involving a
disagreement with the use of cells from animals [7]. An
alternative to avoid these ethical concerns involves the use
of induced pluripotent stem cells (iPSCs), which can be
manipulated to differentiate into a variety of different adult
body cell types to be deposited onto a 3D-printed scaffold
[7]. However, the application of iPSCs requires genetic
screening of the lines of stem cells for their appropriateness
for medical use [7]. Other concerns include the protection
of human rights, such as the handling and processing of
organ models in 3D, representing personalized data of
humans. Some of the key questions like “Who will hold
legal rights to the model?” [ 7] and “Can the model be used
without the consent of the patient?” [7]—bring out the need
for the protection of privacy of information about patients.

Following the several ethical dilemmas revolving around
organ transplantation, it is vital to recognize the need
for robust ethical and regulatory frameworks to guide
the development and use of these technologies. The
importance of establishing ethical frameworks extends
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far beyond clinical feasibility. Government policymakers 8. Then SN, Martin DE, McGee A, Gardiner D, EI Moslemani
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of health care in general strive that such technological Transplantation. 2023 Aug 18;107(8):1655-63.

developments do not exacerbate any existing disparities or

create new ones [8]. To ensure this, they work to implement

equitable allocation processes, promote transparency

of decision-making processes and protect patient rights.

Policymakers very much desire a fine balance between

innovation and ethical concerns with the idea of making

progress while being fair and protecting the interest of

patients [8]. Further, there must be constant monitoring and

revision in policy for emerging challenges to address so

that such advancement finally benefits diverse populations

without affecting their ethical standards.

In conclusion, organ transplantation has evolved alongside
advancements in tissue engineering and has shown
promising results for future transplantation. It is in this
respect that organ transplantation calls for a feasible
integration of ethical frameworks with concerns for patient
safety and policymaking. The barriers to organ donation
factors, as found across the world, call for urgent attention
to constructing and sustaining trust between people and
their health systems. Guarantees for the applicability of
ethical practices under transparent policies are important
in building confidence and having an overall impact on
effectiveness and equitability in transplantation processes.
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