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ABSTRACT

Neonatal mortality and morbidity are substantial issues affecting the maternal healthcare sector. Extremely premature in-
fants, notably those born before the 28-week mark, experience significant morbidity and mortality rates during neonatal care. 
This is a result of developmental immaturity and iatrogenic injury. Several attempts have been made to develop a womb-like 
environment to mimic uteroplacental physiology, but limited success has been noted over the last decade. This review aims to 
summarize the current literature on improved techniques implemented in creating an artificial placenta, the principles of these 
procedures, and their limitations. Our findings indicate that implementing techniques that closely mimic uteroplacental patho-
physiology is crucial in decreasing the excessive neonatal mortality and morbidity rates seen in extremely premature infants.
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АННОТАЦИЯ

Неонатальная смертность и заболеваемость ― существенные проблемы, влияющие на охрану материнства. 
Недоношенные дети, особенно те, кто родился до 28-недельного срока, подвержены значительной заболеваемости 
и смертности в неонатальный период, что является  результатом незрелости развития и ятрогенного повреждения. 
Предпринято несколько попыток создать маточную среду для имитации физиологии матки и плаценты, но за последнее 
десятилетие отмечены лишь ограниченные успехи. Данный обзор обобщает данные современной литературы по 
улучшенным методам, реализованным при создании искусственной плаценты, принципам этих процедур и их 
ограничениям. Наши результаты показывают, что внедрение методов, близко имитирующих физиологию внутриутробного 
развития, имеет решающее значение для снижения высокой неонатальной смертности и заболеваемости, наблюдаемых 
у экстремально недоношенных детей.

Ключевые слова: плацента; неонатальный; технология искусственной плаценты; неонатальная смертность; недоно-
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INTRODUCTION
The placenta has an integral role in the neonatal delivery 

process of utero development in mammals due to its function 
in enhancing and supporting the development and matura-
tion of the fertilized oocyte. Moreover, the placenta supports 
the development of the fetus by transferring nutrients and 
oxygen between the mother and the fetus (R. Tutar et al., 
2021). However, despite the vast knowledge we have on the 
human placenta, it poses a significant challenge to research 
due to its short developmental processes and nine-month life 
span. Furthermore, the lack of feasibility of clinical testing 
in pregnant mothers, a result of both ethical and regulatory 
constraints, has subsequently resulted in the employment 
of animal models in artificial placenta (AP) research. Ani-
mal models carry their own limitations; however, concerning 
AP studies, animal models are not a true representation of 
the human placentation process. M. Aubuchon et al. attri-
bute this lack of reproducibility to the variants of the human 
placentation process that differ from that of other species 
(M. Aubuchon et al., 2002; K. Orendi et al., 2011). To curb this 
limitation, U. Jammalamadaka et al. detail the combination 
of 3D printing technology and fetal stem cells as a viable 
approach to successfully creating APs (U. Jammalamadaka 
et al., 2018).

The current statistics establish that one in ten infants in 
the US is born premature (D.M. Ely et al., 2019). The World 
Health Organization estimated that in 2010 alone, 15 million 
infants were born preterm, at less than 37 weeks gestational 
age (GA), among which 780,000 were delivered extremely 
preterm (H. Blencow et al., 2010; WHO, 2012). In 1970, the 
neonatal mortality rate was 13.2 deaths per 1,000 live births, 
with this figure reducing to 3.3 deaths per 1,000 live births in 
2019, according to the data released by the World Bank (The 
World Bank, 2019). Although these figures are attributable 
to numerous causes, placenta cord and membrane compli-
cations were among the top ten causes of infant mortality in 
Canada in 2018 after congenital malformations, chromoso-
mal abnormalities, and deformations (D.B. Fell et al., 2020).

This review aims to evaluate the current literature re-
garding AP technology and the techniques involved in its 
creation. To achieve this, numerous objectives are to be exe-
cuted: identify the scope of literature relevant to the aims of 
our review; extract the necessary data for analysis; compare 
findings between the literature; establish gaps in the litera-
ture that require future research. 

METHODOLOGY
To obtain the scope of literature for analysis, a thorough 

search strategy was implemented to ensure all studies re-
levant to the aims of our review were identified. To achieve 
this, different keyword combinations were included in our 
search strategy. These keywords included and their corre-
sponding Boolean operators are detailed below.

Keywords: artificial womb and/or placenta; prenatal or 
fetal; 3D printing in prenatal period; creating artificial placen-
ta; extracorporeal and membrane oxygenation or membrane 
support. 

The literature databases utilized were Embase, PubMed 
and Web of Science. These databases were chosen as they 
provided a thorough collation of the relevant articles specific 
to the objectives of this review, with the literature search 
being conducted in May 2021. Solely articles published in the 
English language were included in this review, with any lite-
rature published in a non-English language being excluded to 
prevent misinterpretation through translation. Gray literature 
was included and was yielded using Google Scholar.

RESULTS 
Implementation of the search strategy yielded eleven ar-

ticles relevant to the aims of this review various methods 
of reducing mortality and morbidity in extremely premature 
infants, including veno-venous extracorporeal life support 
programs, ex-vivo uterine environments, and arteriovenous 
extracorporeal life support programs. The data from the li-
terature are compared and contrasted to identify key techno-
logies and approaches in the creation of APs. 

Veno-venous preemies extracorporeal life 
support program (ECLS) 

Veno-venous preemies ECLS successfully experimented 
at the University of Michigan (USA), with the AP model being 
developed after the failure of the initial artificial womb (AW) 
model project. The ECLS was integrated with creating an AW 
model, using a pumpless AV circuit with fetal fluid submer-
sion and umbilical vessel cannulation. The survival of the 
fetus in this device was limited to 4 hours despite adequate 
gas exchange. Fetal survival was hindered by the steady re-
duction in the systemic pressure (55–35 mm Hg), oxygen 
delivery (13.55–5.01 mL/kg×min), and sub-physiological 
flows (72.49–33.40 mL/kg×min) within 4 hours, even with 
the use of fluid resuscitation and vasopressor. The study re-
ported that the primary cause of circulatory and progressive 
cardiac failure was high cannula resistance (E.A. Partridge 
et al., 2017).

Neonatal ECLS was adapted and improved from an AW 
model to an AP model to aid oxygenation of fetuses with 
mechanical ventilation failure after birth. The model utilizes 
a pump-assisted veno-venous (VV) circuit with jugular vein/
umbilical vein (JV/UV) cannulation and a fluid-filled endo-
tracheal tube as a surrogate for fluid immersion. According 
to the current literature on the AP model, vasopressors are 
required to stabilize hemodynamics, along with the admi-
nistration of supraphysiological partial oxygen pressures 
to ensure adequate oxygenation. Inconsistent maintenance 
of ductal patency, despite the infusion of prostaglandin E1, 
was evident using this model. The average duration of fetal 
survival in the AP model presented in a study by B. Bryner 
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et al. was extended from one day to just under two weeks 
(B. Bryner et al., 2015). 

However, despite its evident benefits, this model has 
negative attributes of disencumbering cerebral oxygenation, 
blood flow and autoregulation in two-day long experiments. 
Mild small bowel epithelial injury was also observed during 
examination of the gastrointestinal tract, which may be at-
tributable to vasopressor-induced splanchnic hypoperfusion, 
the absence of AF ingestion, or a combination of both. The 
vasopressor and the use of the pump in the AP model de-
manded the assessment of cardiac function and structure, 
which is unreported to date (F.W. Bazer et al., 2012). There 
is also a need to scrutinize the model’s results for repro-
ducing smaller clinically equivalent fetal lambs compared 
to the studied fetal lambs, which corresponded to early and 
late saccular phases of lung development and mainly were 
around 118 or 130 days old. Also, the weight of the stu-
died lambs (2.5–5.1 kg) was much higher than human fetal 
weights around the limits of viability (0.5–0.7 kg) (N.M. Talge 
et al., 2014). 

Ex vivo uterine environment (EVE)
The ex vivo uterine environment (EVE) model, trialed 

by the Michigan group, was optimized via the collabora-
tion of the Japanese Sendai team with the Australian team 
from Perth (H. Usuda et al., 2017). This model is addition-
ally discussed in two individual studies, one conducted by 
J.L. Reoma et al. (J.L. Reoma et al., 2009), and another by 
Y. Miura et al. (Y. Miura et al., 2012). Both studies aimed to 
evaluate systemic and organ-specific inflammation in sheep 
models. The EVE protocol was improved by administering 
hydrocortisone to suppress inflammatory responses, stim-
ulate lung maturation, and prevent hypocortisolemia refrac-
tory hypotension, similar to the Michigan group, which used 
a pump less arteriovenous (AV) circuit. The inflammatory re-
action was subdued with corticosteroids and the absence of 
infection. Analyzed brains showed evidence of white matter 
injury (WMI) due to either systemic hypoperfusion or acute 
embolic events, which calls for further optimization of the 
model in preparation for clinical translation. A supplementary 

study by H. Usuda et al. aimed to assess the model on se-
ven lambs, with the findings revealing that cannulated fetal 
lambs of 95 days’ GA, weighing 0.6 to 0.7 kg (equivalent to 
22 to 24 weeks’ GA old human fetuses), were successfully 
sustained on pumpless AV circuit for five days, with stable 
hemodynamics, oxygenation, growth, and cardiac function 
(H. Usuda et al., 2019). The lungs and brains assessed were 
unremarkable, except for one sheep model that presented 
with evidence of WMI. This was most likely a result of the 
sheep experiencing a five-minute flow interruption due to 
accidental catheter occlusion. Recently, H. Usuda et al. in-
vestigated the EVE’s ability to support 95-day fetal lambs 
compromised by lipopolysaccharide-induced intrauterine in-
flammation, with this study noting that eight out of ten lambs 
survived five days on EVE. Three of the lambs had evidence of 
WMI on histology and six required dexamethasone to manage 
refractory hypotension (H. Usuda et al., 2020).

Comparison between arteriovenous (AV) ECLS 
and veno-venous (VV) ECLS

The AV-ECLS approach uses only the umbilical vessels 
for cannulation. Therefore, at the time of birth, an immediate 
transition of the infant to a fluid-filled artificial womb is re-
quired. This prevents umbilical vessel spasm and gas ventila-
tion, while the VV-ECLS approach uses the umbilical vein and 
the internal jugular vein. After birth, the AV-ECLS technology 
is applied to infants failing maximal medical therapy or pre-
emptively if risk-stratified for high mortality and morbidity 
(B. Fallon et al., 2020). Table provides an overview of the 
primary differences between AV and VV-ECLS AP systems 
in regard to the target population, cannulation, and airway 
management. 

Limitations
Despite the achievements recorded in AP technology 

in the last ten years, some challenges still need to be ad-
dressed. A review conducted by F.R. De Bie et al. provides 
an overview of these challenges towards clinical translation, 
including reduction of oxygenator surface area, improve-
ments to hemocompatibility of circuit components, and the 

Table. Comparison between AV and VV-ECLS artificial placenta systems (B. Fallon et al., 2020)
Таблица. Сравнение артериально-венозной и вено-венозной систем экстракорпорального  жизнеобеспечения c искусственной 
плацентой (B. Fallon et al., 2020)

Characteristic AV-ECLS VV-ECLS

Target population EGA 22–24 weeks EGA <28 weeks

Cannulation During delivery After failing ventilation

Draiage cannula Umbilical artery (1 or 2) Internal jugular vein

Reinfusion cannula Umbilical vein Umbilical vein

Circuit pump Fetal heart Mechanical pump

Airway management Fluid-filled «biobag» Intubated, fluid-filled lungs

AV, arteriovenous; VV, veno-venous; ECLS, extracorporeal life support.
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mitigation of risk of germinal hemorrhage (F.R. De Bie et 
al., 2020). There is a need to improve the hemocompatibility 
of circuit components by finding a new biomaterial that will 
serve as a coating. This will aid in the elimination of the risk 
of germinal hemorrhage and the need for systemic anticoa-
gulation. The decreasing pulsatile flow is another challenge 
to clinical translation that has been identified, highlighting the 
need to incorporate a closed complaint pressure chamber 
that will eliminate the UV from delivering pulsatile flows to 
the right heart of the fetal (F.R. De Bie et al., 2020).

CONCLUSION 
Numerous AP technologies exist that function to reduce 

mortality and morbidity in extremely premature infants; how-
ever, there are still significant challenges that need to be over-
come in order to reap the success of these approaches. These 

challenges require improvement to oxygenator technology, 
sterility, circuit configuration, vascular access, nutrition, fluid 
submersion, and medical management as these features are 
crucial in mimicking the uteroplacental physiology.
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