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Abstract 
Introduction: Artificial organs have revolutionized modern medicine, providing 
life-saving alternatives for patients suffering from organ failure. The increasing 
prevalence of end-stage organ diseases, coupled with a shortage of organ donors, 
has driven significant advancements in artificial organ technology. These 
innovations aim to restore physiological functions and improve patient survival 
and quality of life. This review explores the progress, challenges, and future 
prospects of artificial organs in surgery. 
Historical Perspective: The development of artificial organs dates back several 
decades, beginning with early mechanical heart valves and dialysis machines. 
Over time, technological advancements and biomedical engineering 
breakthroughs have led to the creation of more sophisticated devices, such as total 
artificial hearts and bioengineered tissues. Milestones in artificial organ 
development have paved the way for modern regenerative medicine approaches, 
including stem cell integration and tissue engineering. 
Current Advances: Recent innovations in artificial organs have focused on 
improving biocompatibility, durability, and functional integration with the 
human body. Developments in cardiac support devices, bioartificial kidneys, 
pancreas, and liver assist systems have enhanced patient outcomes. Advances in 
biohybrid technologies and 3D bioprinting have further expanded possibilities for 
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creating patient-specific artificial organs. Additionally, sensory organ prosthetics, 
such as artificial retinas and cochlear implants, have transformed the 
management of sensory deficits. 
Challenges and Limitations: Despite significant progress, artificial organs face 
numerous challenges, including immune rejection, thrombogenicity, mechanical 
failure, and high costs. Ethical concerns regarding accessibility, long-term 
outcomes, and regulatory approvals further complicate their widespread adoption. 
Ensuring sustainability and affordability remains a pressing issue in artificial 
organ research and clinical application. 
Future Directions: The future of artificial organs lies in the convergence of 
nanotechnology, regenerative medicine, and personalized healthcare. Stem cell-
based therapies, organ-on-a-chip models, and AI-driven biofabrication hold 
promise for developing next-generation artificial organs with enhanced 
functionality and integration. Advancements in biomaterials and tissue 
engineering will further optimize long-term performance and patient 
compatibility. 
Conclusion: Artificial organs represent a transformative field in modern surgery, 
bridging the gap between mechanical support and biological function. Continued 
research, ethical considerations, and policy frameworks are essential for 
overcoming current challenges and making artificial organ technology more 
accessible and effective. Future innovations will play a crucial role in addressing 
organ shortages and improving patient outcomes worldwide. 
 

 
INTRODUCTION
Artificial organs are one of the most revolutionary 
new technologies of the last century, providing life-
saving solutions for patients with end-stage organ 
failure. Such devices, which can partially or fully 
replace the function of a failing organ, have gone 
from experimental prototypes to clinically viable 
options in recent decades.(1,2) Artificial hearts, 
biohybrid pancreas, biohybrid pancreas systems, and 
engineered kidneys are just some of the surgical 
innovations paving the way to a new horizon of 
surgical care for patients who may have never had a 
treatment option.(3–5) 
The need for organ replacements has increased 
significantly over the past few years as the fast-growing 
population, along with the upsurge in chronic 
conditions, including diabetes and hypertension, 
keeps on increasing while the organ donor pool is not 
able to keep up with the same.(4,6) Millions of 
patients internationally are waiting for life-saving 
transplants, but according to the World Health 
Organization (WHO), the supply does not even cover 
a small percentage of the needs. This gap has 
propelled massive investments and research into 

artificial organs as a sustainable means of 
replacement transplantation.(7–9) 
Artificial organs are promising artificial organs can 
provide long-term support to the organs facing 
irreversible damage while contributing to the field of 
regenerative medicine as well, however, multiple 
technical hurdles, ethical issues, and socio-economic 
factors limit the application of artificial organs. While 
devices such as ventricular assist devices (VADs), and 
wearable artificial kidneys have demonstrated 
potential, durability, biocompatibility, and costs 
remain formidable obstacles.(8–12) However, the 
implementation of artificial organs in standard 
clinical practice involves solving sophisticated 
regulatory and ethical problems, especially related to 
patient consent and access equity. 
This narrative review aims to provide insight into the 
current role of this field in surgery in terms of recent 
advances, ongoing obstacles, and proposed future 
developments. To this end, this review offers an 
overview of how emerging leaders are changing the 
field of surgery and patient management through the 
lens of the technology facilitating this innovation, as 



The Research of Medical Science Review  
ISSN: 3007-1208 & 3007-1216  Volume 3, Issue 4, 2025 
 

https:thermsr.com                                          | Bhatti et al., 2025 | Page 223 

well as the potential barriers to clinical use and 
implementation. This discussion will highlight the 
potential of artificial organs to expand the current 
organ shortage and improve the quality of life for 
end-stage organ failure patients. 
 
Historical Perspective 
The search for artificial substitutes for human organs 
is as old as medicine, founded on humanity’s ancient 
desire to transcend biological limits.(13,14) Early 

efforts were rudimentary but forward-looking: in the 
3rd century BCE, Greek doctors pumped hollow 
reeds into swollen organs to drain fluid, 
foreshadowing modern-day drainage systems. The real 
dawn of artificial organ use arrived in the 20th 
century, however, driven by war-time innovation as 
well as advances in surgery, engineering , and 
materials science coming together.(13,14) 
The heart-lung machine, invented by John Gibbon in 
1953, was revolutionary. By replacing 
cardiopulmonary function during open heart surgery 
for a short period, it proved that not only could 
machines perform tasks in the human body, but that 
necessary organ systems could also be mimicked — 
something which had been limited to the realm of 
science fiction.(15–17) This was the foundation for 
more ambitious projects, such as the first implantable 
artificial heart. In 1982, the Jarvik-7, a pneumatic 
device, was implanted in Barney Clark, who survived 
for 112 days. This milestone was fraught with 
complications but ignited worldwide interest in 

mechanically replacing a man’s organs.(17–19) 
Similar strides were made in renal care. Willem Kolff, 
who is hailed as the father of artificial organs, 
invented the rotating drum kidney in 1943, one of 
the precursors to modern hemodialysis machines.(20–
23) By the 1960s, dialysis had evolved from an 
experimental therapy to a life-sustaining standard, 
with millions surviving end-stage renal disease. 
Likewise, the ventricular assist device (VAD), which 
was first used clinically in the 1960s, was adapted over 
the decades from the bulky, infection-prone systems 
to today’s more compact, implantable pumps, such as 
the HeartMate 3, that can keep patients alive for years, 
either as a bridge to transplant or destination 

therapy.(12,21–23) 
Artificial organs are no longer limited to life support; 
the late 20th century saw them moving to functional 

restoration. The cochlear implant, which received 
FDA approval in 1984, became the first device to 
successfully link with the nervous system, restoring 
hearing to the profoundly deaf.(24,25) The artificial 
pancreas, which emerged in the 2000s, combined 
continuous glucose monitoring with insulin delivery 
to revolutionize diabetes care.(1,2,6,26,27) 
Much of the 21st century so far has been the age of 
biohybrid systems and bioengineered organs. With 
innovations like 3D-printed tracheal scaffolds (2011) 
and machine-perfused “living” kidneys (2020s), the 
synthetic and biological become intertwined in 
blurring distinction. These advances represent a 
paradigm shift: artificial organs are not simply 
substitutes, but platforms for regeneration and 
personalized medicine.(4,28,29) 
 
Types of Artificial Organs 
Artificial organs encompass a wide range of 
technologies, each designed to meet the specific 
physiological requirements of failing organ systems. 
These range from mechanical substitutes that provide 
access to basic functions to biohybrids that seamlessly 
interface living cells with synthetic electrodes. Here, 
we cover the most important types of artificial organs, 
their clinical uses, and their game-changing roles in 
contemporary surgery. 
 
Cardiac Artificial Organs 
Cardiac failure continues to be among the top causes 
of worldwide mortality and thus spurred advances in 
mechanical circulatory support.(19) Total artificial 
hearts (TAHs), such as the SynCardia Temporary 
Total Artificial Heart, are used as bridge-to-transplant 
devices and substitute both ventricles and valves in 
biventricular failure patients.(15,17,30) Second-
generation designs, such as the CARMAT 
bioprosthetic heart, which integrates biosensors and 
biological materials to minimize clotting risk, are 

designed for chronic use. The advent of ventricular 
assist devices (VADs), such as the HeartMate 3 and 
HVAD, has transformed the management of patients 
with a single failing ventricle. These implantable 
pumps now provide destination therapy for 
nontransplantation candidates with increased 
durability and hemocompatibility.(12,15,31) 
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Renal Replacement Systems 
Chronic kidney disease (CKD) is a global epidemic 
that impacts > 850 million people worldwide and 
drives the need for advancements in renal support. 
Traditional hemodialysis machines are lifesaving, yet 
they are inherently limited by nature — stationary and 
only used intermittently. Innovations such as the 
Wearable Artificial Kidney (WAK), a miniaturized 
device that is currently being evaluated in clinical 
trials, hold the potential for continuous dialysis that 
allows patients more movement.(20,32,33) 
Meanwhile, bioartificial kidneys, like the University of 
California San Francisco’s implantable model, bring 
together synthetic membranes with living kidney cells 
to mimic filtration and metabolic functions — an 
option that may help solve the organ shortage in the 
long run.(20,32,33) 
 
Pancreatic Devices 
Medical devices have been revolutionized by the 
artificial pancreas, a closed-loop system that combines 
continuous glucose monitors (CGMs) with insulin 
pumps, facilitating diabetes management. Devices 
such as the Medtronic MiniMed 780G 
autonomously adapt insulin delivery and closely 
mimic the function of pancreatic β-cells.(34) Novel 
biohybrid technologies like the ViaCyte PEC-Direct 
encapsulate stem cell-derived islet cells in semi-
permeable membranes, combining both mechanical 
and biological methods of insulin regulation.(35–37) 
 
Hepatic Support Technologies 
Acute liver failure requires prompt treatment, but 
donor livers are limited. Bioartificial liver support 
systems (BLSS) such as the ELAD ® (Extracorporeal 
Liver Assist Device) employ hollow-fiber bioreactors 
charged with human hepatocytes for detoxification of 
blood and synthesis of proteins. Though still 
experimental, BLSS has been shown to be a viable 
means of bridging patients to transplantation.(38–
41) Molecular adsorbent recirculating systems 
(MARS) similarly use albumin dialysis to remove 

toxins—offering short-term support to those with liver 
failure.(42) 
 
Pulmonary Assist Devices 
Extracorporeal membrane oxygenation (ECMO) — 
the practice of oxygenating blood outside the body — 

has transformed critical care, providing an alternative 
for patients with severe, dysfunctional lungs or 
hearts.(43–45) Recent advances in miniaturization, 
including the Hemolung Respiratory Assist System, 
offer the opportunity for prolonged ambulatory 
use.(46–48) Meanwhile, in the search for implantable 
artificial lungs — the University of Pittsburgh’s — 
PARC device promises compact, biocompatible, long-
term respiratory support.(49–51) 
 
Sensory Organ Prosthetics 
Synthetic organs have restored sensory functions 
once believed to be irretrievable. Cochlear implants, 
which received F.D.A. approval in 1984, bypass 
damaged hair cells, stimulating the auditory nerve 
directly, allowing profoundly deaf people to 
hear.(25,52,53) They convert visual stimulation into 
electric energy applied to the provided retinal 
prosthesis (e.g., Argus II) in retinal degeneration 
patients. Recent innovations in optical nerve 
interfaces and cortical implants suggest technologies 
that can make blind people see, even in the case of 
total ocular clusters.(54–56) 
 
Technological Advancements 
The fast progress of artificial organs is being supported 
by high-end innovations in materials science, additive 
manufacturing, bioengineering, and artificial 
intelligence. Such advances go beyond improving 
device performance to transforming what artificial 
organs can do, moving from mimicking biological 
functions toward enabling regeneration and 
autonomy. We will examine some of the main 
technological factors accelerating this field below. 
 
Materials Science: The Middle Ground of Living 
and Non-living 
Materials science has been transformed by the race to 
achieve seamless integration of artificial devices and 

human tissues. Now, biocompatible polymers like 
polyurethane and silicone are the materials of choice 

for implantable devices; they minimize inflammatory 
activation and thrombogenicity.(57) Nanotechnology-
coated surfaces, for example, graphene-based 
electrodes in neural implants, result in better signal 
transduction and less scar tissue formation. At the 
same time, they are enabling dynamic bio-integration 
based on external stimulation from, for instance, self-
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healing hydrogels, or smart materials that respond to 
physiological cues, like pH or temperature.(46,47) 
The Carmat artificial heart, for example, is built on 
bovine pericardial tissue fixed with proprietary 
polymers — a compromise between durability and 
biological compatibility.(58–60) 
 
Customization at Scale with 3D Printing 
Those types of specifications Together with additive 
manufacturing, have opened up the method that 
could design tailored artificial organs with an 
incredible degree of precision. Bioink loaded with 
living cells techniques like bioprinting enables the 
creation of scaffolds specific to the patient for 
cartilage, blood vessels, and cardiac patches. In 2019, 
Tel Aviv University researchers introduced the first 
human 3D-printed heart with human cells and 
vasculature, a breakthrough for paved the way for 
personalized organ manufacturing.(61–63) In 
addition to biopharmaceuticals, 3D printing also 
allows for intricate geometries with respect to 
mechanical organs, for example, lightweight titanium 
parts for VADs.(62–64) Individualized anatomy is 
the driving force for mind-of-the-art tracheal stents 
and cranial implants that are in clinical use to 
diminish rejection and surgical complications. 
 
Understanding biohybrid Systems: The 
Combination of Synthetic and Living Components 
Biohybrid artificial organs combine synthetic 
materials and living cells, resulting in systems that 
utilize the best features of each. Emulate Bio’s Liver 
Chip, for instance, encapsulates human hepatocytes 
within a microfluidic platform to simulate liver 
metabolism used for drug testing.(51) In one specific 
clinical application, devices such as the Bioartificial 
Pancreas use semi-permeable membranes to entrap 
cells that secrete insulin (islet cells) and provide an 
immune-protective environment while permitting a 
glucose-responsive release of insulin. Likewise, 
decellularized organ scaffolds, on which native cells 
are stripped and repopulated with patient-derived 
stem cells, are being studied for kidney and lung 
regeneration. These systems challenge the distinction 
between transplantation and mechanical replacement 
and open up possibilities toward true biological 
integration. 

AI and Machine Learning: Becoming Adaptive 
Smart Organs 
AI is bringing interactivity to inert devices, turning 
them into independent systems — people even call 
them passive intelligence.(11,65,66) The Tandem 
Control-IQ is a closed-loop artificial pancreas that 
uses machine learning algorithms to predict glucose 
trends and provide dynamic insulin delivery.(67,68) 
In the field of cardiac care, both deep learning and 
machine learning-powered VADs facilitate dynamic 
optimization of the pump speed by leveraging 
patient’s physiological signals to enhance 
hemodynamic stability.(46,47) Removed from 
patient-specific control, AI also speeds up organ 
design: neural networks can scour vast datasets for 
clues on how to devise new biomaterials or simulate 
the fickle dance of fluid dynamics in artificial 
lungs.(47,49–51) Prellis Biologics and other startups 
use AI to map vascular networks for 3D-printed 
organs so that nutrients are delivered most efficiently. 
These technologies usher in an era of “smart” organs 
that can learn, adapt, and evolve with their users. 
 
Impact on Surgical Practice 
These innovations are transforming surgical processes 
and patient treatment. Surgeons now work with 
engineers to design 3D-printed organ implants ahead 
of surgery, and AI-powered devices decrease 
postoperative monitoring requirements.(65,69,70) 
Still, experimental but promising biohybrid systems 
would dwarf lifelong immunosuppression associated 
with transplant-like therapies. As these technologies 
mature, they will blur even further the roles of 
surgeon, engineer, and biologist — ushering in an era 
of truly interdisciplinary medicine.(8,65,71,72) 
 
Clinical Applications 
Artificial organs have evolved from experimental 
curiosities to essential items in modern surgical 
practice, meeting a range of clinical needs from 
sustaining life in critical crises to restoring autonomy 
in chronic disease. There are three general areas of 
application: bridging patients to transplantation, 
delivering permanent therapeutic solutions, and 
augmenting rehabilitation and quality of life. We now 
look at these roles through the lens of real-world 
impact and patient outcomes. 
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Bridge to Transplant: Lengthening Life Through 

Critical Windows 
In patients with transplant waitlists, artificial organs 
act as critical lifelines, salvaging dysregulating organ 
function until a matched organ is available. 
Extracorporeal membrane oxygenation (ECMO), for 
example, offers short-term cardiopulmonary support 
to those with acute heart or lung failure and can half 
waitlist mortality among eligible candidates.(44,45) 
Ventricular assist devices (VADs) such as the 
HeartMate 3 are now standard in the care of patients 
with advanced heart failure, with data demonstrating 
80% survival to transplant.(12,60) 
Innovations have opened up bridging possibilities 
beyond established parameters. The SynCardia Total 
Artificial Heart (TAH) has extended survival in 
patients with bi-ventricular failure with some 
recipients living over 1000 days on the device.(73–75) 
Some non-invasive systems are designed for the 
patient to wait at home for transplantation and have 
been shown to increase psychological well-being and 
decrease hospital expenses (e.g., the Freedom® Driver 
for use with the SynCardia TAH).(76,77) The 
development of miniaturized ECMO circuits and 
Berlin Heart EXCOR® pediatric VADs in neonatal 
care have significantly improved our outcomes in 
infants with congenital heart defects; the same is true 
of most bridging technologies—their scalability.(43–
45) 
 
Destination Therapy: Permanent Solutions to 
Complicated Problems 
For patients who do not wish to undergo 
transplantation—or who face age or comorbidity 
barriers, or an immunological barrier—artificial organs 
offer a long-term or permanent solution. Long-term 
use of left ventricular assist devices (LVADs), once 
restricted to temporary use, now allows for durable 
support as destination therapy, with 5-year survival 
rates of ≥60%. The HeartMate 3’s magnetically 
levitated rotor has decreased complications such as 
pump thrombosis and has allowed decades of use in 
select patients.(6,12,48,50) 
WAKs and implantable bioartificial systems in renal 
care strive to decouple patients from dialysis centers. 
The WAK is a wearable device prototype, clinically 
tested, that provides continuous ambulatory dialysis, 
mimicking the natural kidney function more than 

intermittent hemodialysis.(9,20,28,32) Regarding 
diabetes, the artificial pancreas made its way out of the 
specialty corner and into the mainstream, with the 
Omnipod 5® representing one of the first systems to 
provide automated glucose control, which reduces 
hypoglycemic episodes by 75% in trials.(35,36,75) 
These technologies are especially game-changing in 
resource-poor environments, in which donor organs 
are in short supply. Portable dialysis systems and solar-
powered VADs are being piloted in sub-Saharan 
Africa to combat the double burden of end-stage 
organ disease and infrastructure shortfalls. 
 
Rehabilitation and Quality of Life: The Survivorship 

Issue 
The focus on artificial organs is increasingly aimed not 
only at longer lives but at normalcy too. Cochlear 
implants have restored auditory function to more 
than 1 million deaf people around the world, and 
pediatric recipients often develop speech comparable 
to that of their hearing peers. In much the same way, 
retinal prostheses such as the Argus II bring some 
vision back to patients; they can navigate their 
environments themselves, which is a huge change 
from being completely blind.(2,6,26) 
The combination of artificial organs with digital 
health tools will help in the management of chronic 
diseases where patients are empowered. Smart 
artificial pancreas, for instance, interfaces with 
smartphone apps so that diabetics can receive real-
time trends in glucose levels, dietary advice, and 
remote monitoring. At the same time, neuro 
prosthetics (including brain-computer interfaces, or 
BCIs, for limb control) are revolutionizing the 
rehabilitation of patients with spinal cord 
injury.(30,35) 
The psychosocial benefits are significant as well. 
According to studies of VAD recipients, improved 
mental health and greater engagement with society are 
observed because of reduced symptom burden and 
regained functional mobility. By reducing dependency 
on a hospital for care, wearable technology also 

lessens the stigma and loneliness often accompanying 
chronic illness. 
 
Challenges and Limitations 
Artificial organs are considered to have 

transformative potential, but the path to development 
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and implementation is fraught with challenges on 
many fronts. These barriers cut across technical, 
biological, ethical, regulatory, and socioeconomic 
domains, and will need interdisciplinary 

collaboration to overcome. Here, we break down the 
key limitations that hamper the field today. 
 
Beast Mode: The Technical Problems of 
Engineering 
Artificial organs should endure ceaseless physiological 
stresses, and also be accurate. Durability still is a 
major challenge: rotating mechanical components, 
such as pump rotors in congenital ventricular assist 
devices (VADs), fail because of friction and material 
fatigue.(7,78,79) Early VAD models, for example, 
had to be replaced regularly while new technologies, 
such as the HeartMate 3’s magnetically levitated rotor, 
have increased the lifespan to 10+ years. Energy supply 
is another bottleneck: implantable devices depend on 
external batteries or transcutaneous energy transfer 
systems (TETS) that risk infection and impair 
mobility. Wireless charging and biocompatible fuel 
cell innovations are fledgling but promising. 
Miniaturization is also an important factor, especially 

in the case of pediatric patients. There are adult-size 
artificial hearts, such as the Carmat, but no one knows 
how to scale them to infants without giving up 

efficiency.(58,59) 
 
Debugging the Microbiome: A Biological Challenge 
Although biocompatibility has improved, artificial 
organs elicit multiple adverse responses from the 

host. While material-tissue interfaces are immune-
privileged, they are still marked by chronic 
inflammation and immune rejection, though less 
than in transplants. For instance, biofilm 
development on dialysis catheters or VAD drivelines 
increases susceptibility to infection, with sepsis 
diagnosed in 20–30% of long-term VAD 
patients.(70,80) Furthermore, sensitive infectious 
pathogens are becoming more resistant to antibiotics, 
greatly complicating the use of antibiotics when 
treating severe infections. Indeed, long-term VAD and 
dialysis patients exhibit a spectrum of colonic 
dysbiosis associated with the gradual loss of microbial 
diversity and the overgrowth of enterobacteria, where 
the alteration of the gut inflammation–microbiota–
barrier axis results in increased susceptibility to 

infection, and opinionated colonization by multidrug-
resistant enterobacteria can potentially engender 
acute kidney injury injury.(13,80,81) Gut dysbiosis 
has also been implicated in hypertension and the 
development of heart failure in animal models and in 
clinical trials, where the effects of gut microbiota 
modulation have been documented in mouse models 
of hypertension.(7,8,82) These factors necessitate the 
provision of effective antibiotic therapy for seriously 
infected patients and the decision regarding the 
administration of broad-spectrum antibiotics. 
However, the continued use of certain antibiotics over 
the years can generate drug-resistant 
enterobacteria.(7,8,29) We postulate that the various 
changes in gut microbiota and gut dysbiosis correlate 
with the gradual loss of integrity of the intestinal 
barrier and the increase in intestinal permeability. 
Biocompatibility challenges also affect thrombosis: 
in-dwelling synthetic surfaces such as titanium or 
polyurethane can activate blood clotting cascades 
requiring lifelong anticoagulation with inherent risks 
of bleeding. Biohybrids have to overcome further 
challenges, including the survival and function of 
encapsulated cells, e.g. in the case of the BioArtificial 
Pancreas.(9,10,82–84) 
 
Ethical Challenges: The Tug-of-War Between 
Innovation and Responsibility 
The emergence of artificial organs poses deep ethical 
dilemmas. Then there is the informed consent 
challenge with experimental therapies, which patients 
who are close to death may overestimate the benefits 
of. Another issue is equity of access: advanced devices 
such as the Carmat heart (more than $200,000) are 
largely available only in high-income countries, 
increasing global health disparities.(7,58,59) 
Moreover, the definition of “life” involving artificial 
organs is controversial. For example, certain patients 
with prolonged ECMO or total artificial hearts can 
survive without a realistic chance of recovery, forcing 
the clinician into a dynamic tension between hope 
and futility.(43–45) Synthetic implants for gender-
affirming surgeries face a similar societal and cultural 
bias, highlighting the need for inclusive ethical 
paradigms. 
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Challenges Ahead: Complexities of the Regulatory 
Landscape 
Due to their hybrid mechanical-biological nature, 
artificial organs are inherently complex to obtain 
regulatory approval for. The FDA’s Premarket 
Approval (PMA) process, which demands mountains 
of preclinical and clinical testing, can hold up life-
saving technologies for decades. For example, the 
Wearable Artificial Kidney (WAK) 15 years later is 
still in trials. So is long-term safety monitoring: post-
market surveillance generally cannot detect rare 
complications that occur, such as late-stage device 
failures in destination therapy VADs. Internationally, 
diverging standards—like the EU’s CE marking 
compared to U.S. FDA pathways—add yet more layers 
of complexity and layers of frustration for 
commercialization and adoption.(7,8,82–84) 
 
Socioeconomic Divide: The Cost and Accessibility 
Artificial organs are some of the most expensive 
medical technologies, with R&D, materials, and 
regulatory compliance all driving costs up. An ECMO 
circuit can cost up to $50,000–$100,000, whereas 
lifelong expenses for VAD patients already surpass $1 
million.(7,78,81) Such therapies become inaccessible 
in low-resource settings, where 90% of the global 
population does not have access to safe and affordable 
surgery. Disparities are even more pronounced within 
affluent countries: marginalized communities have 
some portion of mortality due to insufficiencies in 
insurance coverage and biases in treatment by the 
system. Black patients in the U.S., for instance, are 
30% less likely than white patients to receive VADs, 
an effect seen in wider access inequities.(65,70,79) 
 
Systematic Approach: A Call for Systems Thinking 
These challenges do not exist in silos but are deeply 
interdependent. These high costs worsen ethical 
inequities and technical limitations amplify the 
biological risks. For example, miniaturized pediatric 

devices require expensive precision engineering, 
which in turn restricts access. Similar advancements 
in biocompatibility (i.e., heparin-coated circuits) have 
increased the costs of production, posing challenges 
between biocompatibility, safety, and affordability. 
 

 

Progress and Pathways Forward 
Efforts are being made to address these barriers. 
These technical solutions include: graphene-based 
batteries that can make implants last longer and 3D-
printed organs made with cells derived from the 
patient’s own body which can reduce organ rejection. 
Policy efforts, such as the WHO’s (World Health 
Organization) Global Surgery Initiative, seek to 
increase access with investment and training. At the 
same time, ethical guidelines like the Montreal 
Declaration on Sustainability in Surgery call for 
sustainable, equitable innovation. 
 
Future Directions 
Artificial organs have the potential to change the 
course of surgery, bringing together the latest 
technology with a focus on the individual patient. As 
the field develops and matures, five key directions— 
personalization, regenerative integration, device 
portability, global equity, and ethical governance—will 
guide the next frontier of human-computer 
interaction (HCI). These pathways not only seek to 
surpass existing limitations but also reconceptualize 
the parameters of what artificial organs may facilitate. 
 
Precision-based Personalised Artificial Organs 
The days of blanket devices are behind us. The 
pressing need for personalized tissue and organ grafts 
will be addressed through 3D bioprinting, multi-
omics profiling, and AI-enabled predictive modeling, 
paving the way for organs customized to individual 
anatomies, immune phenotypes, and lifestyles.(85,86) 
The researchers at Carnegie Mellon University, for 
example, are developing patient-specific cardiac 
patches with the joint help of printed collagen and 
stem cells to heal congenital heart defects. Likewise, 
organ-on-chip systems, personalized with a patient’s 
cells, could function as “test beds” to optimize device 
compatibility before implantation. Startups like 
Pandorum Technologies have already begun printing 
personalized corneal tissues, suggesting that in too 
distant future getting bespoke organs could become 
the norm.(86) 
 
Regenerative Medicine Integration: Offering 
Healing of the Healing Replacement 
Next-generation artificial organs will synergize 
progressively with regenerative therapies to stimulate 
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endogenous repair. For example, biohybrid systems, 
including the stem cell-derived islet-encapsulating 
bioartificial pancreas, are designed to restore native 
organ function in an immunoisolating environment 
with a reduced need for immunosuppression.(87) 
Trials of decellularized lung scaffolds repopulated 
with patient cells (e.g., the BREATH Lung Project) 
are showing potential in reversing pulmonary fibrosis. 
And electroceutical devices — implants that use 
electrical cues to stimulate tissue regeneration — are 
under trial to regrow nerves and bone. The end goal: 
ephemeral artificial organs that dissolve as the body 
heals itself.(88–90) 
 
The Invisible Nature of Care — Wearable and 
Implantable Devices 
Future devices will be focused on not getting in the 
way and self-dependence. For example, flexible 
electronics and soft robotics are driving skin-adherent 
artificial kidneys and beneath-the-skin glucose sensors 
that seamlessly integrate with everyday life. The Nano 
Artificial Pancreas, an under-development, coin-sized 
implant, uses graphene-based sensors to monitor and 
deliver insulin without the use of external 
pumps.(13,91) Energy problems are being solved 
with innovations like biothermal batteries (harvesting 
body heat) and ultrasonic wireless charging. For 
pulmonary assistance, MIT’s Ambulatory Artificial 
Lung prototype, which the patient wears like a stylish 
vest, enables users to retain active lifestyles while their 
bodies receive continuous oxygenation.(5,85,92) 
 
Part I: Democratizing Access — Global Impact 
To close the artificial organ gap between high- and 
low-income regions, frugal innovation and system 
collaboration are needed. Initiatives such as Project 
Daniel, which utilizes 3D printing to produce 
prosthetic limbs in war-ravaged regions, provide a 
template for decentralized production of less 
complicated devices. In sub-Saharan Africa, 
partnerships between NGOs (such as Mercy Ships) 
and academia are trialing solar-powered dialysis 
units. In the meantime, telemedicine platforms such 
as Telesurgery Africa are training local teams to keep 
machines in working order and troubleshoot 
remotely. The WHO’s Global Initiative for Essential 
Surgical Care promotes tiered pricing models to 

increase access to technologies, such as VADs, in low-
resource settings. 
 
Ethical and Policy Frameworks: Fostering 
Responsible Innovation 
As artificial organs fuse humans and machines, good 
governance is imperative. Key priorities include: 
● AI Transparency: Standards for clear expectations 
on accurate information from AI-driven devices (e.g., 
neural implants) 
● EquityMetrics: Organizations mandating 
affordability clauses for R&D funding (NIH’s 
REMEDY Program, etc.) 
● Cultural Competence: Designing devices for 
marginalized communities (e.g., patient shelling with 
transgender patients to come up with gender-
affirming prosthetics). 
● Permanent Devices EOL Guidelines: termination 
of permanent implants in terminally ill patients 
The Montreal Declaration on Sustainability in 
Surgery (2023) and the WHO’s Global Guidelines for 
AI in Health (2024) provide nascent frameworks,1 but 
the adoption of binding international treaties will be 
necessary to achieve standards harmonization. 
 
Converging Visions: The Path Forward 
These trajectories define the future of artificial 
organs. Now, consider a diabetic patient living in rural 
India wearing a nano patch artificial pancreas that 
operates on body heat while their frequent insulin 
injections are replaced with a biohybrid implant that 
regenerates islet function. Or a Syrian refugee who 
receives a 3D-printed trachea at a field hospital, and 
follow-up care through blockchain-secured 
telemedicine. Realizing such scenarios takes more 
than innovation — it requires breaking down silos 
between engineers and nurses, surgeons, 
policymakers, and communities. 
 
Conclusion 
Once a staple of speculative science fiction, artificial 
organs have already become cornerstones of modern 
surgical practice — life-saving interventions for 
millions of patients around the world. The 
developments made and avenues forged in the past 
have led to what is sought in today’s world — 
biohybrid systems that synthesize the specificity of the 
synthetic with the complexity of the biological, devices 
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powered by artificial intelligence, capable of adaptive 
self-regulation, as well as 3D-printed organs matched 
to the anatomy of individual patients. Technologies 
such as the Carmat bioprosthetic heart, wearable 
artificial kidneys, and closed-loop artificial pancreas 
illustrate the field’s evolution, bridging the gap 
between the supply of organs and the demand while 
transforming rehabilitation and quality of life. 
But artificial organs have the power to transform lives 
beyond replacing failed, worn-out systems. These 
technologies will democratize perioperative care 
access, empower patients through wearables and 
telemedicine integrations, and initiate a shift from 
reactive treatment to proactive regeneration. The 
cross-pollination of regenerative medicine, 
nanotechnology, and machine learning offers a 
tantalizing peek at a future in which artificial organs 
do not merely prolong life, but restore it — dissolving 
after their biological counterparts heal, or evolving 
with the body as its needs change. 
But this vision will require overcoming long-standing 
obstacles. Technical hurdles such as energy efficiency 
and biocompatibility require advances in materials 
science and robotics. The ethical questions arising, 
from fair access to the philosophical impact of 
humans merging with machines demand inclusive, 
globally uniform frameworks. These socioeconomic 
disparities reinforce the need for systemic reforms in 
healthcare financing and education, to counteract 
prohibitive costs and infrastructural gaps. 
To achieve these will require unprecedented 
interdisciplinary partnerships. Surgeons need to 
collaborate with engineers to improve device design, 
with policymakers to ensure equitable regulations, 
and with communities to make sure that innovation 
is culturally competent. The WHO’s Global Surgery 
2030, and the Montreal Declaration on Sustainability 
in Surgery provide blueprints to optimize the practice 
of surgery, but both require a collective commitment 
to achieve their objectives. 
All in all, artificial organs are more than a technical 
success — they are the triumphant culmination of the 
centuries-old goal of medicine to face death with 
ingenuity and care. By coupling technical genius with 
moral guardianship, the global surgical community 
can guarantee that these technologies fulfill their 
highest calling: not simply prolonging life but 
reinvigorating it. 
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