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Abstract

Preterm birth is one of the most common causes of neonatal morbidity and mortality worldwide. Furthermore the mortality and
morbidity is very high in extremely preterm infants born before 28 completed weeks of gestation or those with extremely low birth weight
for gestational age (<1000 g). One of the major causes for such a high morbidity and mortality in such infants is respiratory insufficiency,
due to poor lung maturity. To overcome these problems and to reduce overall burden of morbidity and mortality associated with
immature pulmonary development in preterm neonates, the concept of “artificial placenta” came into picture, which is basically a pump
less lung assisted device connected to umbilical vessels that helps in gaseous exchange in neonates with severe respiratory insufficiency.
Hence, the present study will allow us to throw light on recent developments in the field of use of artificial placenta technology for saving
many more lives of preterm, low birth weight neonates. Method: Literature regarding preterm births and use of artificial placenta for
saving lives was searched from various English language journals, Government sites, WHO, UNICEF data, published peer-reviewed
articles on PubMed, MEDLINE, Embase and Google Scholar till 2017.
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Introduction

The artificial placenta was designed to mimic working of natural placenta in-utero and to allow partial fetal circulation and placental
gaseous exchange while directly connected to umbilical vessels [1]. The first attempts to develop an artificial placenta as an effective
alternation to provide respiratory support for newborns, especially preterm were made in mid-20th century [2]. Since, then for
many decades it has fascinated the imaginations of researchers as an alternative approach to help extremely preterm infants (EPIs)
born less than 28 weeks of gestation to overcome respiratory insufficiency [3,4].

An era came when the treatment of premature infants improved with newer advances like use of prenatal maternal steroids,
exogenous surfactant and more advanced modes of ventilation [5,6], leading to loss of interest in artificial placenta, but despite
all these advances the final outcome of extremely preterm infants remained unchanged. Hence, there was resurge of interest in
development of artificial placentas for improving overall survival of extremely preterm infants [7-9].

Till date many attempts have been made to develop newer and better models of Artificial Placenta that can help save lives of many
more preterm infants.

Preterm Births, Its Burden and Complications

Preterm birth is when babies are born before 37 completed weeks of gestation. Annually around 15 million babies are born before
37 completed weeks and account for nearly 1 million deaths of children below 5 years of age [10]. Hence, prematurity is one of
the leading causes of perinatal and neonatal morbidity and mortality all over the world [11]. The high morbidity and mortality
associated with prematurity and low birth weight is due to high vulnerability of such babies to complications like respiratory
insufficiency or distress, feeding problems, increased risk of sepsis, jaundice and temperature instability [12-14].

An estimated 12.9 million births, or 9.6% of total births worldwide, were preterm in 2005. Of these 11 million (85%) preterm births
occurred in Africa and Asia, 0.5 million each in Europe and North America (excluding Mexico) and 0.9 million in Latin America
and Caribbean [15]. On the other hand the recent Indian data reveal that annually around 3,341,000 babies are born preterm (<37
weeks) with an annual preterm birth rate of 13%. Of these around 165,800 are born at <28 completed weeks of gestation. Also it
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was reported that in India an estimated 361,600 children under five die due to direct complications of prematurity [16,17].

Worldwide, preterm deaths constitute 28% of total 4 million annual new born deaths with an estimated 99% of these deaths
occurring in developing countries [18]. Furthermore, around 45% to 50% of preterm births are idiopathic, 30% due to preterm
prelabour rupture of membranes (PPROM) and about 15-20% are medically indicated or elective preterm deliveries [15,19,20].

At the extreme end of spectrum of prematurity are extremely preterm infants (EPI) born before 28 weeks of gestation [10] with
very low birth weight (<1000 g) and ultra extremely preterm infants or “micro-preemies” weighing <400 g and <600 g at 23 and 25
weeks respectively [21], which are considered in “grey-zone” as they have a very high mortality rate due to poorly developed vital
organs necessary for sustaining life [3]. These neonates, especially those in grey-zone are at increased risk of developing respiratory
failure and ultimately long-term morbidity and mortality [22]. Despite of advances in field of neonatology and development of
exogenous surfactant replacement therapy and low-pressure ventilator techniques, iatrogenic injury to immature lungs is still
common [23]. Even conventional extracorporeal life support or extracorporeal membrane oxygenation (ECLS/ECMO) causes
severe damage to immature lungs, and is contraindicated in extremely low gestational age newborns (ELGANS) [24]. Hence, the
best way to save such neonates is through use of artificial placenta that helps in maintaining fetal circulation and bypassing lungs,
thus obviating the need for mechanical ventilation and allowing the lungs to mature [4].

Role of Artificial Placenta in Management of Prematurity

An artificial placenta using extracorporeal life support (ECLS) has been investigated as one of the most effective way of treating
respiratory insufficiency in ELGANs [25]. Respiratory distress or insufficiency is one of the leading causes of neonatal long-
term morbidity and mortality, especially in EPI and those born with very low birth weight [26]. It was reported that annually an
estimated 24,000 new born infants suffer from respiratory distress in the United States, of which one third are born before 28 weeks
of gestation [27].

The most appealing solution for correcting respiratory insufficiency in EPI and to reduce the overall mortality rates associated
with it, is by returning them to a uterine-like environment by using “artificial placenta’, which is a pump-less lung assisted device
connected to the umbilical vessels [1].

Artificial placenta works on same principle as a normal placenta works in-utero, serving as an interface between maternal and
fetal circulations thereby providing fetal nutrient, metabolite elimination, and exchange of gases [1]. In preterm infants, especially
with severe respiratory insufficiency, the artificial placenta helps in gaseous exchange until the baby recovers from its initial
cause of lung failure in its early neonatal period. Hence, artificial placenta which is connected to umbilical vessels, similar to
natural placenta, works in parallel with systemic circulation [1]. It is basically a pump-less device which is driven by arterio-
venous pressure difference alone. In addition to forming partial fetal circulation, the artificial placenta also helps in perfusion and
ventilation of lungs [1]. It significantly helps in gaseous exchange of newborn, but, since the residual lung function is still present,
artificial placenta does not meet the total body needs of newborn [28,29]. Hence, less amount of blood flow is required to circulate
through extracorporeal device, thereby decreasing the risk of high-output cardiac failure [1]. Figure 1 depicts the diagrammatic
representation of artificial placenta [30].

Arlificia
placema
.-" T
i
/
e
o
o ___..--"' .
i S _,_,_,--"'

—
J".l;;;;-;;nal Warm ealing
catheber | batr ]

Figure 1: Artificial placenta. Both fetus and circuit were submerged and warmed in saline bath kept at 39 °C
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Furthermore, the artificial placenta must mimic the functioning of native placenta, with the aim that it should retain fetal
circulation, thereby bypassing the developing lungs [3]. This can be achieved when artificial placenta maintains; fetal circulation
without affecting patency of major fetal shunts, improves blood oxygenation and corrects haemoglobin saturation without causing
lung inflation, leads to hemodynamic stability including, heart rate and blood pressure in response to fetal states, maintains fluid
balance and electrolyte composition to ensure proper hydration or removal of excess fluid, enhances kidney functions for removal
of metabolic nitrogenous waste and finally provides endocrine support [3]. Hence, artificial placenta can help in decreasing the
overall mortality of extremely preterm infants and the associated short and long term morbidities in near future.

Conclusion

Artificial Placenta is an effective option for saving lives of preterm and extremely preterm infants. It helps in maintaining fetal
circulation, gaseous exchange and hemodynamic stability in preterm infants. Artificial placenta has the potential in near future to
completely change the paradigm of treating prematurity. Newer research are still under trial for developing major components of
artificial placenta like oxygenator, vascular access via umbilical vessels, flow control, hemocompatibility in extracorporeal circuits
for further improving its working and compatibility.
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