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Abstract: Artificial wombs represent a transformative frontier in medical technology, 

offering unprecedented possibilities in neonatal care and human reproduction. Known 

scientifically as ectogenesis, artificial womb technology aims to create a controlled, external 

environment that mimics the conditions of a natural womb, enabling fetal development 

outside a biological mother’s body. While its primary focus has been on supporting extremely 

premature infants, artificial wombs also prompt fundamental questions about the future of 

reproduction, family dynamics, and child welfare. This review paper explores the current 

status of artificial womb technology, tracing its evolution from traditional neonatal care 

advancements to the latest breakthroughs. The paper examines the technical complexities 

involved in replicating the uterine environment, including challenges related to oxygenation, 

nutrient delivery, and waste removal. Furthermore, the limitations and ethical concerns 

surrounding artificial wombs are discussed. Looking to the future, the paper discusses 

potential developments necessary for artificial wombs to advance, including innovations in 

biomaterials, artificial intelligence, and long-term clinical trials to assess the safety and 

efficacy of artificial gestation in humans. Through a detailed examination of both technical 

and ethical dimensions, this paper provides a comprehensive overview of the promise and 

challenges surrounding artificial womb technology as it moves toward clinical reality. 

Keywords: Artificial Womb, neonatal care, ethical issues, Extracorporeal Membrane 

Oxygenation (ECMO). 

1. Introduction 

Artificial wombs, as a frontier in reproductive technology, have garnered attention for their potential 

to revolutionize neonatal care and human reproduction. This technology, often referred to as 

ectogenesis, involves the use of a highly controlled external environment to simulate the conditions 

of a natural womb, allowing a fetus to develop outside of a biological mother’s body. The primary 

aim is to provide optimal support for extremely premature infants, offering them a safer and more 

controlled developmental environment than traditional neonatal intensive care units (NICUs)[1]. 

However, artificial wombs also raise numerous social, ethical, and scientific questions about the 

future of human reproduction, family dynamics, and child development. 

Interest in artificial wombs has increased significantly with advancements in neonatal intensive 

care, which can now support infants born as early as 22 to 24 weeks[2]. Such extreme preterm births 

often lead to severe health complications due to the incomplete development of essential organs, 
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especially the lungs and cardiovascular system. The mortality rate for such premature infants remains 

high, and even those who survive often face long-term health challenges. By mimicking the 

intrauterine environment more effectively than current methods, artificial wombs hold the potential 

to improve survival rates and reduce complications for preterm infants. In recent years, researchers 

have demonstrated early-stage artificial womb models, such as the “biobag,” which have shown 

promise in supporting fetal lambs during critical stages of their development, providing evidence of 

the viability of artificial gestation[3]. 

Despite this promise, artificial womb technology is still in the early stages of research and faces 

numerous hurdles. Biological, technical, and ethical issues must be addressed before artificial wombs 

can be used for human neonates, let alone for longer-term or full gestation outside of a natural womb. 

Moreover, the social and ethical implications extend beyond mere viability; the prospect of artificial 

gestation challenges traditional views of pregnancy, parenthood, and child welfare. 

This review paper explores the current state of artificial womb technology, assessing the 

breakthroughs and limitations of recent research. The paper will also discuss the possible future 

developments in artificial womb technology, emphasizing the technological innovations and ethical 

frameworks needed to guide its responsible progression. The focus is not only on medical and 

technical challenges but also on how artificial wombs might redefine societal views on gestation and 

early-life care. By assessing the scientific progress and contemplating the societal implications, this 

paper aims to provide a comprehensive overview of the current and future state of artificial womb 

research. 

2. Current Status of Artificial Womb Technology 

2.1. Historical Development 

The quest to create a viable artificial womb is rooted in the broader field of neonatal care, which has 

evolved remarkably over the past century. Neonatal incubation was first developed in the late 19th 

century, with the introduction of rudimentary incubators that allowed premature infants to survive 

outside the womb at increasingly earlier stages. These initial devices were groundbreaking but limited 

in their ability to mimic the comprehensive intrauterine environment. As a result, survival rates for 

extremely premature infants remained low, and those who survived often faced severe health 

complications due to underdeveloped organs and systems[4]. 

2.2. Technical Overview of Artificial Wombs 

Creating an artificial womb requires the replication of a highly complex set of biological functions. 

The primary challenge is simulating the placenta, an organ that plays an essential role in nutrient 

exchange, oxygenation, and waste removal between the mother and the fetus. Artificial womb 

systems aim to replace these functions by creating a controlled environment in which the fetus can 

develop while receiving all necessary nutrients and oxygen through a synthetic, extracorporeal system. 

 Extracorporeal Membrane Oxygenation (ECMO) is currently one of the most crucial technologies 

in artificial womb research, as it allows blood oxygenation outside the body. ECMO has been adapted 

for use in artificial womb prototypes, where it substitutes for the fetal lungs until they are sufficiently 

developed to function on their own. 

In 2017, a significant breakthrough came with the development of the “biobag,” a type of artificial 

womb that successfully gestated lamb fetuses to near-term, simulating the uterine environment with 

a clear, sterile bag filled with artificial amniotic fluid (Fig. 1). This fluid mimics the natural protection 

and nutrient-rich environment of the mother’s womb and is continuously replenished to remove waste 

and provide nutrients[5]. 
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In addition to oxygenation, artificial wombs have to mimic the way of delivering nutrients that the 

placent would use. This requires a complex interface between the fetus and the machine that not only 

delivers nutrients but also removes metabolic waste products, a delicate balance that researchers are 

still optimizing [6]. 

Despite these advancements, there remain significant technical challenges, particularly in ensuring 

biocompatibility and preventing infection. For example, long-term ECMO usage is associated with 

risks of bleeding and infection, and researchers are actively exploring new materials and designs to 

address these limitations. 

2.3. Recent Case Studies and Experiments 

The most prominent demonstration of artificial womb technology thus far was the 2017 experiment 

at the Children’s Hospital of Philadelphia. In this study, researchers used a biobag system to gestate 

fetal lambs, successfully allowing them to develop to a stage equivalent to a human preterm infant at 

23 to 24 weeks (Figure 1 & 2). The lambs survived for up to four weeks in this system, developing 

in a manner that closely mirrored normal in-womb growth. These lambs were able to grow without 

significant health issues, and their lungs and brains continued developing, suggesting that an artificial 

womb could indeed provide a feasible bridge for extremely preterm infants[2]. 

Another recent study conducted in Japan expanded on this research by exploring the use of 

artificial wombs for extended gestation in animal models[7]. The Japanese research team achieved 

similar results with goat fetuses, suggesting that artificial wombs may be applicable across a range of 

species, potentially including humans[8]. However, these studies are still in the early stages, and the 

transition from animal to human trials involves numerous regulatory and ethical hurdles. 

 

Figure 1: Real Lamb Fetus Model Artificial Womb [9] 

 

Figure 2: Recent Successful Model[7]   
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Figure 1 is a picture of what a real lamb fetus model artificial womb looks like. Figure 2 illustrates 

parts of information of recent successful animal models of artifical wombs. It shows clearly that in 

2017, the model “EXTra-uterine environment for neonatal development(EXTEND)” had made the 

lamb fetus live for longer days compared to “VV preemie ECLS” in 2013 and “Ex-vivo uterine 

environment (EVE)”. 

3. Applications and Implications of Artificial Womb Technology 

3.1. Medical Applications 

Artificial womb technology promises significant advancements in neonatal and reproductive 

medicine, primarily aimed at improving survival rates and outcomes for extremely premature infants. 

Neonatal intensive care units (NICUs) currently support infants born as early as 22 to 24 weeks, but 

even with advanced care, these preterm infants face high mortality rates and risk of severe 

developmental complications[10]. Artificial wombs could bridge this gap by providing a more stable, 

womb-like environment that reduces these risks, offering the potential to support fetal growth during 

the most vulnerable stages of development. 

The core purpose of artificial wombs is to improve the viability of extremely premature infants by 

better simulating the intrauterine environment. During the late second and early third trimesters in 

the natural womb, vital stages of lung, brain, and immune system development take place, protected 

from external pathogens and nurtured in a precisely regulated environment. By enabling more gradual 

and controlled development, artificial wombs could prevent some long-term health complications 

commonly associated with premature birth, such as respiratory distress syndrome, cerebral palsy, and 

neurodevelopmental disorders. Studies have shown that preterm infants supported by artificial womb-

like systems demonstrate more natural respiratory development compared to traditional NICU 

methods[11]. Thus,  wombs could reduce reliance on ventilators and other invasive procedures, 

lowering the risk of infections and physical trauma. 

Artificial wombs may also aid in fetal surgery, a field where surgeons operate on fetuses to correct 

life-threatening abnormalities while still in the womb. Artificial wombs could potentially support 

these surgeries by providing a more accessible, stable platform for intervention, followed by a secure 

environment that supports recovery and continued growth[12]. 

3.2. Socieical Implications and ethical issues 

Beyond their medical applications, artificial wombs raise complex societal and ethical questions that 

challenge existing notions of reproduction, parenthood, and fetal rights. Unlike other reproductive 

technologies, artificial wombs would fundamentally alter the experience of pregnancy and gestation, 

with implications that extend to family dynamics, parental roles, and societal expectations around 

childbirth. 

First, it’s about moral and religious objections. The concept of artificial wombs has sparked intense 

moral and religious debates. Many religious traditions view pregnancy and childbirth as a scarced 

and natural process ordained by a higher power. The idea of an artificial womb is seen by some as an 

interference with the natural order of life and a violation of sanctity of human reproduction. For 

example, in some Christain and Islamic teachings, the role of the mother’s womb in nurturing a new 

life is considered a central part of God’s plan[13, 14]. 

The ethical implications of artificially supporting human fetuses revolve around questions of 

autonomy, consent, and rights. Artificial wombs prompt new debates about when a fetus gains 

personhood and the rights associated with it, especially since an artificial womb might require novel 

regulatory approaches distinct from traditional NICU practices. Unlike traditional pregnancy the 
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mother’s body serves as a physical and legal boundary, artificial gestation blurs this distinction, 

potentially necessitating unique rights and protections for the artificially gestated fetus[15]. 

Artificial wombs challenge the traditional experience of pregnancy, raising questions about 

parental roles. For instance, individuals who cannot carry a pregnancy, such as those with specific 

medical conditions or single fathers, might gain the opportunity to parent a biological child through 

artificial gestation. This could diversify family structmpower new forms of parenthood. At the same 

time, society must consider how the absence of a direct maternal-fetal bond, as traditionally 

understood, might impact family dynamics and the child’s psychological development[16]. 

Artificial wombs could transform societal perceptions of gender roles in reproduction, potentially 

decoupling biological motherhood from pregnancy. This decoupling could empower individuals, 

particularly women, to pursue parenthood without the physical demands and risks associated with 

pregnancy. Some ethicists argue that artificial wombs could promote gender equality by enabling 

pregnancy without impacting professional or personal lives[17]. However, there is also concern about 

potentcialization, where artificial womb technology could create markets for gestation, 

commodifying reproduction in ways that may raise ethical concerns. 

Additionally, the legal and regulatory challenges are coming. The introduction of artificial wombs 

into clinical practice would require legal systems to address issues of custody, parental rights, and 

fetal protection in novel ways. For example, questions surrounding custody could become complex 

if an artificially gestated fetus requires emergency medical intervention or faces a high risk of 

congenital disability[18]. Legal scholars propose the need for new regulations, potentially similar to 

those governing adoption or surrogacy, to effectively navigate these complex cases. 

Consent and autonomy, often foundational principles in medical ethics, are complicated by 

artificial gestation. Fetuses cannot provide consent, which necessitates careful consideration of the 

rights of parents or legal guardians in making medical decisions on behalf of a fetus in an artificial 

womb. Some argue that parents should have the right to make decisions regarding the fetus’s 

development, while others suggest that artificial wombs introduce a third-party responsibility—

potentially the medical institution or state—to act in the fetus’s best interest[19, 20]. 

The accessibility and affordability of artificial wombs could raise social inequality issues. If 

artificial womb technology is initially available only to wealthy individuals or in specific regions, it 

may widen gaps in access to reproductive healthcare. Additionally, the commercialization of artificial 

wombs could lead to exploitation, particularly in developing countries, where economic pressures 

might create ethical dilemmas regarding surrogacy alternatives. Experts warn of a future where 

artificial wombs could be monetized, leading to a “market” for gestation services that risks 

commodifying human reproduction[21]. 

Artificial wombs may alter the maternal-fetal bond, with psychological implications for both 

parents and the child. Traditional pregnancies allow for early bonding experiences; mothers often 

form an attachment to their unborn child through physical sensations and emotional anticipation[22]. 

Artificial gestation may remove this element, which could affect parent-child bonding and 

psychological development. Psychologists suggest that early bonding experiences could be facilitated 

through parental involvement during gestation, although further studies are needed to explore how 

artificial gestation might impact child psychology in the long term[23]. 

Artificial wombs, by offering a controlled environmental development outside the mother’s body, 

introduce potential for profound societal shifts. They challenge traditional reproductive roles, redefine 

the concept of parenthood, and raise ethical questions that demand careful consideration as 

technology advances. 
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3.3. Future Directions in Artificial Womb Development 

3.3.1. Technological Advancements Needed 

Artificial womb technology, while promising, requires significant advancements to safely and 

effectively support human gestation. The complexity of replicating the uterine environment, 

particularly the physiological processes that facilitate fetal growth, remains a major hurdle. Several 

emerging technologies and research areas offer pathways to overcoming these challenges, focusing 

on improving biocompatibility, developing more sophisticated monitoring systems, and optimizing 

nutrient and waste exchange mechanisms. 

Creating a biocompatible interface between the artificial womb and the fetus is critical. Materials 

must avoid triggering immune responses, prevent infection, and allow for safe, sustained contact with 

delicate fetal tissue. Researchers are exploring materials that can emulate the amniotic sac and 

placenta’s structural properties, which are resilient, flexible, and minimally invasive. Biocompatible 

hydrogels, for example, might be potential amniotic fluid analogs, as they can deliver essential 

nutrients while maintaining sterility and stability[24, 25]. 

Artificial wombs require continuous monitoring to adjust environmental conditions in real time, 

ensuring that parameters such as temperature, oxygenation, and nutrient levels are maintained within 

optimal ranges. Machine learning models and artificial intelligence could be crucial in enhancing the 

precision of these adjustments by analyzing large datasets from previous cases to predict optimal 

conditions for fetal development at each stage[26]. 

3.3.2. Long-Term Research and Clinical Trials 

For artificial wombs to move from animal models to human applications, extensive research and 

clinical trials are required. This transition will not only need rigorous safety testing but also ethical 

considerations and strict regulatory oversight. 

Before artificial wombs can be integrated into clinical practice, clear regulatory standards must be 

established to guide medical practitioners. This includes defining standards for artificial womb setup, 

monitoring protocols, and emergency intervention procedures. Regulatory bodies such as the U.S. 

Food and Drug Administration (FDA) and the European Medicines Agency (EMA) may need to work 

closely with bioethicists and scientists to develop standards for safe and ethical use[27]. 

3.3.3. Integration with Other Reproductive Technologies 

Artificial wombs represent only one part of a broader shift in reproductive technology, and their 

integration with other fields could expand the possibilities for assisted reproduction. 

Artificial wombs may complement IVF technology by providing an alternative to gestational 

surrogacy, allowing embryos to be gestated entirely in an artificial environment[28]. This integration 

could benefit individuals unable to carry a pregnancy due to medical or personal reasons. Additionally, 

combining artificial womb technology with genetic screening could enable early identification and 

correction of genetic disorders, a practice that could significantly reduce infant mortality and 

childhood disease burden[29]. 

Advances in gene editing, such as CRISPR-Cas9, offer potential for correcting genetic anomalies 

at the embryonic stage[30]. When combined with artificial wombs, gene editing could create a 

controlled setting for using regenerative treatments or genetic changes to stop or treat diseases that 

run in families. This raises ethical considerations but also holds potential to revolutionize medical 

interventions at the earliest stages of life. 

The full realization of artificial womb technology might lead to a future where ectogenesis, or 

complete gestation outside the human body, is feasible. This would redefine the limits of human 
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reproduction, offering potential solutions to infertility and perhaps even enabling human reproduction 

in space or other extreme environments[31, 32]. While still speculative, these possibilities encourage 

researchers to explore the long-term implications of artificial reproduction on human evolution and 

societal structures. 

Artificial womb technology, though still in its nascent stages, has far-reaching implications for 

reproductive medicine, family dynamics, and the future of human society. The progression toward 

integrating artificial wombs into medical practice will rely on ongoing advancements in biomedical 

engineering, stringent ethical and regulatory frameworks, and a deeper understanding of how artificial 

gestation may impact human development. The coming years will likely see increased collaboration 

between technologists, bioethicists, and policymakers as this transformative technology moves closer 

to clinical reality. 

4. Conclusion 

Artificial womb technology, at the frontier of neonatal and reproductive medicine, holds 

transformative potential. By providing a controlled environment to support fetal development outside 

the human body, artificial wombs could significantly improve outcomes for extremely premature 

infants and expand reproductive possibilities. The technology has demonstrated promising results in 

animal studies, with advancements in extracorporeal membrane oxygenation, biocompatible 

materials, and nutrient delivery systems paving the way for future clinical applications. 

However, the journey from experimental use to routine medical practice remains complex, with 

significant technical, ethical, and regulatory challenges. Ensuring the safety and developmental 

normalcy of fetuses, addressing ethical concerns surrounding fetal rights, and establishing fair and 

robust regulatory standards will be essential to responsibly integrating artificial wombs into 

healthcare. 

Looking ahead, the path to realizing artificial womb technology will require interdisciplinary 

collaboration among scientists, bioethicists, and policymakers to create ethical frameworks and robust 

guidelines. Artificial wombs could redefine traditional reproductive roles, reshape societal structures, 

and expand options for families, underscoring the need for careful, informed guidance as this 

technology advances. Ultimately, artificial wombs may revolutionize both neonatal care and human 

reproduction, offering life-saving potential and raising profound questions about the future of human 

gestation. 
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