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Commonly Transplanted Organs

Organ transplantation is a critical therapy for patients with
irreversible organ failure, improving survival and quality of
life [1]. The first successful kidney transplant in 1954
marked a milestone, followed by advances in surgical
techniques, immunosuppressive drugs, and perioperative
care. Despite these improvements, a chronic shortage of
donor organs leads to long waiting lists and increased
mortality.
Parallel to transplantation, organ technology has evolved to
overcome these limitations. Techniques such as
normothermic perfusion, 3D bioprinting,
xenotransplantation, and wearable/artificial organs offer
alternative or complementary solutions. Together,
transplantation and organ technology hold the promise of
addressing the increasing demand and complexity of organ
failure treatment [2].

Organ transplantation has transformed the management of end-stage organ failure, offering life-saving treatment for
conditions such as liver, kidney, heart, and lung failure. However, donor organ shortages, rejection, and complications
from immunosuppression remain significant hurdles. Recent advancements in organ technology—including organ
preservation, bioengineering, xenotransplantation, and artificial organs—are reshaping the landscape of
transplantation medicine. This article reviews the current status of organ transplantation, explores innovations in
organ preservation and engineering, discusses challenges, and evaluates future prospects to address global transplant
needs.
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Kidney: Most commonly transplanted organ worldwide; living
and deceased donors contribute to graft supply.
Liver: Treats cirrhosis, hepatic failure, and certain cancers;
living donor transplantation is more prevalent due to organ
shortage [3].
Heart and Lung: Reserved for end-stage cardiopulmonary
diseases; limited by donor availability and complexity.
Pancreas and Intestine: Less common, mainly for diabetes and
intestinal failure.

Post-transplant immunosuppression prevents rejection but
increases infection and malignancy risk. Standard regimens
combine calcineurin inhibitors (tacrolimus, cyclosporine),
antimetabolites (mycophenolatemofetil), and corticosteroids [4].

Rejection types include:

Hyperacute: Minutes to hours, antibody-mediated.Current State of Organ Transplantation
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Immunosuppression and Rejection
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Xenotransplantation
The transplantation of organs from animals (commonly pigs)
to humans could alleviate organ shortages.

Genetic modifications in donor animals reduce
immunogenicity (e.g., knocking out alpha-gal epitopes).
Advances in CRISPR gene editing have accelerated
xenotransplant research.
Clinical barriers include rejection, zoonotic infections, and
ethical concerns.
Recent cases of pig heart xenotransplants into humans have
demonstrated feasibility but require long-term evaluation.

Artificial and Wearable Organs

Ventricular Assist Devices (VADs) and Total Artificial Hearts
(TAHs)

Mechanical circulatory support devices are used as bridges to
transplant or destination therapy for heart failure.

Dialysis and Wearable Artificial Kidneys

Wearable and implantable dialysis systems aim to improve
quality of life and reduce treatment burden for kidney failure.

Bioartificial Organs

Acute: Days to months, T-cell mediated.

Chronic: Months to years, progressive graft deterioration.

Organ viability between procurement and transplantation is critical.

Cold Static Storage (CSS)

Traditional method using hypothermic preservation solutions (e.g.,
University of Wisconsin solution).Simple but limited in duration and
unable to reverse ischemic injury [5].

Hypothermic Machine Perfusion (HMP): Continuous cold perfusion
providing oxygen and nutrients; improves kidney graft survival.

Normothermic Machine Perfusion (NMP): Maintains organ at
physiological temperature with oxygenated blood or substitutes;
allows functional assessment and repair.

Subnormothermic Perfusion: Intermediate temperature aiming to
balance metabolic activity and preservation.

Machine perfusion reduces ischemia-reperfusion injury and expands
donor organ use, including marginal and extended criteria donors.

Decellularized Organ Scaffolds

Organs stripped of cellular material leaving extracellular matrix
(ECM) scaffold retain architecture and biochemical cues.
Recellularization with patient-derived stem cells aims to create
functional organs with reduced rejection [6].

3D Bioprinting

Layer-by-layer printing of bioinks containing cells and ECM
components allows creation of tissues with vascular channels. Still
largely experimental but promising for producing transplantable
tissues.

Stem Cell Technologies

Induced Pluripotent Stem Cells (iPSCs) offer personalized cell
sources.

Differentiation into organ-specific cells facilitates tissue engineering
and regenerative therapies.

Challenge Description Solutions

Demand >
Supply 

Expanded
criteria,
xenotransplants,Donor Shortage

Immune attack

on graft
Rejection

Preservation
Injury 

Damage during
storage/reperfusi 

Ethical &
Regulatory

Fairness, risks,
consent

Clear policies,
global standards

Cost & Access High expense,
limited

Reforms,
scalable tech

Graft Longevity Chronic
rejection, failure

Biomarkers,
personalized care

Table 1: Challenges in Transplantation and Organ
Technology

Machine Perfusion

Advances in Organ Preservation

Organ Bioengineering and Regenerative Technologies

Hybrid devices combining biological and synthetic
components (e.g., bioartificial liver with hepatocytes and
filtration system) are under investigation [Table 1].
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Conclusion

Future Directions References

Personalized Immunosuppression: Tailoring regimens based on
immune profiling.

Tolerance Induction: Using regulatory cells and gene therapy to
induce immune tolerance.

Organ Printing and On-Demand Organs: Developing fully
functional bioengineered organs.

Improved Xenotransplant Models: Safer and more compatible
animal donors.

Integration of AI and Big Data: Optimizing donor-recipient
matching and predicting rejection.

Organ transplantation has dramatically improved survival for
many patients but remains limited by donor shortages and
immune challenges. Advances in organ preservation,
bioengineering, xenotransplantation, and artificial organs offer
promising solutions to these barriers. Addressing ethical,
technical, and economic challenges through innovation and
collaboration will be critical to expanding access to
transplantation and achieving sustainable solutions to organ
failure worldwide.
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