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The gestational age boundary separating infants considered too immature for intensive care
from infants who may benefit has shifted dramatically during the past 50 years. In 1971, a
widely used neonatology textbook stated that “The lower limit of viability is probably
around 28 weeks, at which time most infants weigh two pounds, four ounces (1000 g).”!
Today, the most immature infants routinely cared for by neonatologists in some parts of the
world are born at 22 or 23 weeks of gestation, with many weighing less than a pound.?

Whether to provide intensive care for infants born at <23 weeks of gestation remains
controversial in much of the world. Ethical and economic issues surrounding this decision
have been widely debated.3-6 When a decision to provide intensive care is made,
recognizing the particular physiologic and clinical challenges of birth during this period of
gestation is critical for improving care processes and outcomes. For this reason, an
international group of clinician-researchers from centers in Japan, Sweden, Germany, and
the United States (US) with extensive experience providing intensive care for infants born at
22-23 weeks of gestation formed a collaborative to improve research in this area. At several
of their centers, survival of >50% of live births at 22 weeks has been reported among
hundreds of patients.”~11 Our goal is to summarize unique aspects of the physiology and
medical care of infants born near the current limit of viability, specifically highlighting gaps
in knowledge and potential opportunities for improvement.
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Defining a High-Risk Group at the Margin of Viability

Should infants born at 22-23 weeks of gestation be considered distinct from infants born just
weeks later? Fetal development is a continuum. Moreover, for infants born at the same
gestational age, factors such as birth weight, infant sex, and antenatal corticosteroid
exposure affect the response to intensive care and may reflect differences in developmental
maturity. Based on these factors, for some infants born at 22-23 weeks, the likelihood of
survival following intensive care is greater than for some infants born weeks later.12 Yet,
there are no published reports of infants surviving after birth at 20 weeks of gestation and
only a few case reports of infants surviving after birth at 21 weeks.13 By 24 weeks, intensive
care in many countries is expected to result in survival for a majority of infants.14 In
contemporary clinical practice, infants born between these extremes—at 22—-23 weeks of
gestation— comprise a particularly vulnerable “grey zone.” For these infants, initiation of
intensive care largely depends on the hospital or country where the infant is born,15:16

Existing nomenclature for infants born during various periods of gestation (Table I; available
at www.jpeds.com) reflects differences in physiology and outcomes that impact clinical
management. This terminology is useful despite the continuous nature of fetal development
and the innate variability in maturity observed between similarly aged infants. However, it
has not evolved to take into account the changing limit of viability. Although many studies
group together infants born at 22 and 26 weeks as “extremely preterm” (<28 weeks), this
belies the substantial heterogeneity in outcomes and physiology for infants born during this
window of fetal development. Whereas clinicians widely recognize that developmental
differences of infants born at 32 versus 36 weeks affect respiratory, thermal, and nutritional
management, infants born at 22 and 26 weeks are frequently studied together as if their
management should be the same. Where a distinguishing line should be drawn (at 23%/7
weeks or 245/7 weeks, e.g.) may be to some extent artificial; however, in international
guidelines, infants born at 22—-23 weeks are often treated as distinct, so this grouping seems
practical. In research, distinguishing infants born at <23 weeks from somewhat more mature
infants may confer improved precision in understanding the outcomes, physiology, and
clinical care needed for these patients.

Epidemiology of Births and Intensive Care at 22—-23 Weeks

Around the world, births at 22—-23 weeks of gestation are relatively infrequent but comprise
a large proportion of infant mortality. For example, in 2018 in the US, 1,785 infants were
born alive at 22 weeks and 2,645 at 23 weeks of gestation, of whom more than two-thirds
(2,985/4,340) died during the first year of life.18 Although births at 22-23 weeks made up
only 0.1% of the 3,791,712 live births in the US (1 in 1000 - an incidence similar to fetal
alcohol syndrome®® and Down Syndrome?0), they accounted for nearly 1 in 7 (2,985/21,498)
liveborn infants who died in the first year of life.

The care for infants born at 22-23 weeks varies around the world.1® Clinicians in Japan may
have the most experience caring for infants <23 weeks; in 1991, the Japanese Society of
Pediatrics recommended changing the limit for providing intensive care from 24 weeks to 22
weeks based on the survival of infants at 22 and 23 weeks reported in a national study.?!
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From 2003 to 2015, among dozens of tertiary perinatal centers in the Japanese Neonatal
Research Network, survival for live births exceeded 60% at 22 weeks and 70% at 23 weeks
of gestation.22 In 2012, a national survey of a majority of Japanese neonatal intensive care
units (NICUs) reported that active resuscitation of infants born at 22 and 23 weeks of
gestation occurred in 81% and 85% of NICUs, respectively, and 42% and 75% of these
NICUs had a universal resuscitation policy.23 By comparison, in Sweden in 2014, the
national board of health and welfare recommended centralization of care for all extremely
preterm births at 6 university hospitals with an emphasis on maternal transfer to these
hospitals prior to delivery. Subsequently, in 2014-2016 compared with 2004-2007, one year
survival for all liveborn infants at 22 weeks of gestation in the nation tripled (from 10% to
30%) and the rate of stillbirths was nearly halved (from 65% to 35%).24 Swedish guidelines
published in 2016 recommend that, starting at 22 weeks of gestation, a neonatologist is
present at birth and intensive care may be considered; starting at 23 weeks of gestation,
intensive care is generally recommended.2®

The approaches in Japan and Sweden differ substantially from those of several other
countries, such as the Netherlands and Denmark, where intensive care at 22—23 weeks of is
not recommended.28:27 Other national guidelines recommend an individualized approach
less focused on gestational age. In the US, the American Academy of Pediatrics
recommends an individualized approach to decision-making for births at 22—24 weeks of
gestation, taking into account known fetal and maternal conditions and risk factors as well as
parental beliefs regarding the best interest of the child.28 Research has shown that provision
of intensive care at 22—23 weeks vary by US region (with higher rates in the South and
Midwest compared with the West and Northeast)2 and by hospital of birth.15 At US
hospitals participating in the Vermont Oxford Network (VON), the rate of active treatment
for infants born at 22 weeks more than doubled since 2014; in 2019, the majority of infants
born at 22 weeks in these hospitals received active treatment (Figure 1). During the same
period, the rate of survival after birth at 22 weeks of gestation tripled, with 17% of liveborn
infants in 2019 surviving to hospital discharge or 1 postnatal year. Similar to the US,
German clinical guidelines support a “gray zone” of practice at 22-23 weeks and individual
centers show substantial variation in practice and outcomes.30:31

Despite increasing provision of intensive care and survival for infants born at 22—-23 weeks,
one recent study using data from infants born at >300 US NICUs from 2006 to 2016 showed
that more infants born at 22 and 23 weeks of gestation were exposed to dopamine than
caffeine.32 Moreover, amphotericin B was among the top 25 used medications prescribed for
infants born at 22 weeks. These patterns were not observed for infants born at 24 weeks.
Such data highlight that some clinical characteristics may distinguish infants born at <23
weeks from slightly more mature infants and so impact their management. The following
section describes several aspects of what is known and not known about such differences in
key areas of clinical practice.
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Knowns and Unknowns of Clinical Care at 22-23 Weeks

Antenatal Care

Medical care begins prior to preterm birth and includes routine prenatal care and antepartum
referral to tertiary perinatal care.l’ Rates of morbidity due to extreme prematurity are higher
in outborn infants than in infants born at the same hospital where they receive NICU care,
even when including only infants transferred on the day of birth and after adjustment for
iliness severity.33-35

Emerging studies and experience support that antenatal corticosteroid administration for
births at <23 weeks of gestation reduces infant mortality and morbidity.36:37 A 2016 meta-
analysis of observational studies demonstrated a significant reduction of mortality from
antenatal steroid exposure among postnatally treated infants at 22—23 weeks, 38 which was
subsequently supported by an additional large US observational study.3” The absolute
reduction of mortality from appropriately timed antenatal corticosteroid administration at
early gestational ages may be greater at 22—23 weeks than at older gestational ages (at 23
weeks, the estimated number needed to treat to prevent 1 death is 6).3° This effect may be
mediated, in part, by a reduction in intraventricular hemorrhage (IVH) and necrotizing
enterocolitis (NEC).4041 Although nearly all evidence for antenatal corticosteroids for
infants born at 22—23 weeks is based on observational data, which has limitations, it is
notable that fewer than 50 infants known to have been born <26 weeks were included in
clinical trials of antenatal corticosteroids#? and that use of antenatal corticosteroids for
infants born at 24-25 weeks is widely recommended. A new large trial of antenatal
corticosteroids for births at <23 weeks of gestation would better answer questions about
efficacy and safety but seems unlikely anytime soon; the only trial of antenatal
corticosteroids for deliveries at 22—-23 weeks of gestation listed on Clinical Trials.gov was
withdrawn by the sponsor before enroliment.#2 In the US, the American College of
Obstetricians and Gynecologists (ACOG) recommends against antenatal corticosteroids at
22 weeks of gestation and recommends that clinicians “consider” them at 23 weeks.*3 In
contrast, antenatal steroids are recommended starting at 22 weeks in national guidelines in
Germany3! and the United Kingdom** when resuscitation is intended. Given important
differences in the effects of antenatal corticosteroids and cesarean delivery on the balance of
maternal and infant health,*>46 the decision to give antenatal corticosteroids and the
decision to perform cesarean delivery should be considered separately.

Delivery Room Intervention

The perinatal transition of infants born at 22—23 weeks reflects the unique physiology and
vulnerability of these patients. The ratio of placenta to infant weight is nearly twice as large
in infants <23 weeks of gestation compared with infants born at term,4” which, together with
fragility of blood vessels and immaturity of cardiovascular adaptation and cerebral
autoregulation, may differentiate the potential effects of cord management in these immature
infants from in their more mature peers. Delayed cord clamping for infants born preterm
results in higher survival, fewer red blood cell transfusions, and potentially lower risk of
IVH,*8 although few studies included infants born at <23 weeks.*%-51 A recent trial of
umbilical cord milking versus delayed cord clamping including infants born at 23 weeks
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showed a higher rate of severe IVH in the intact cord milking arm (22% vs 6% with cord
milking versus delayed cord clamping in infants 23-27 weeks), raising questions about the
safety of umbilical cord milking in the most immature infants.>2

The incidence of admission hypothermia is inversely proportional to gestational age, due, in
part, to high evaporative losses from a larger surface area and less keratinized skin. In some
centers, a majority of infants <23 weeks are admitted to the NICU with moderate-severe
hypothermia.®? International guidelines for postnatal stabilization support a bundle of
interventions to avoid hypothermia, including an ambient temperature of 24-26 °C and use
of a radiant warmer, thermal mattresses, plastic wraps and hats.>* These interventions are
effective in reducing hypothermia in trials among more mature infants.>® The use of heated
humidified gas in the delivery room has also been shown to reduce hypothermia®® and may
reduce alveolar and distal airway damage.’ This intervention, not currently recommended
for the delivery room, deserves further research. Specific data on the optimal means for
reducing hypothermia in infants <23 weeks are limited; however, an exploratory trial has
demonstrated the feasibility of studying optimal thermal management techniques in this
unique population.58

Respiratory Management

Throughout history, the limit of viability has been defined, in part, by the inability to provide
effective ventilation of the immature infant. However, modern technology together with
improved techniques and understanding of respiratory physiology have shifted this limit.
Respiratory management of 22—23 week infants is complicated by small size of the mouth,
nostrils, pharynx, larynx, and trachea in addition to physiologic immaturity. Although there
are scant data in the published literature, a review of practices at the authors’ centers
indicates that 2.0-mm internal diameter endotracheal tubes are often necessary for tracheal
intubation of infants born at these early gestations and can be effectively used with various
ventilator modalities.>® Endotracheal tubes this small are not stocked at many hospitals in
the US.80 Notably, the initial depth of endotracheal tube insertion following oral intubation
does not follow rules derived for older, larger infants, such as “6 + weight in kg.”6 An
appropriate depth for infants <23 weeks may be closer to 5.5 cm to the lip.52 When used, the
optimal choice of an appropriate noninvasive respiratory support interface is unclear, but
should take into account the fragility of the skin, nasal septum, and respiratory mucosa, in
addition to the small size of the infant’s nostrils.

Effective respiration is thought to be possible during the latter part of the canalicular period
of fetal lung development (~16—25 weeks of gestation) because thin-walled terminal
saccules or primordial alveoli have developed at the ends of the respiratory bronchioles and
the lung tissue is adequately vascularized to facilitate gas exchange.53 Lung development is
heterogeneous, with cranial segments generally maturing earlier than caudal segments,
resulting in areas of the lung apparently mature enough to support gas exchange in some
infants born at 22 weeks of gestation. Approaches to ventilating the 22—23 week infant
attempt to adequately support the infant while minimizing lung injury. Infants born at 22-23
weeks are particularly susceptible to pulmonary interstitial emphysema and pneumothorax
after birth (Figure 2).64 Although evidence to support an optimal approach to initial
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ventilation for infants born at <23 weeks is limited, initial strategies used to limit volutrauma
and barotrauma at the authors’ centers include the use of first-intention high-frequency
ventilation® and less-invasive surfactant application (LISA) with early non-invasive
ventilation.85 Notably, these strategies are not used in isolation and might best be studied
as bundles: for example, an approach using LISA and initial non-invasive ventilation
requires mitigation of the potential for pulmonary hemorrhage from a large left-to-right
shunt through the ductus arteriosus when the pulmonary vascular resistance decreases
without the control of invasive ventilation, as well as methods to decrease gastrointestinal
insufflation from non-invasive ventilation that may predispose to perforation.56

The initial approach to ventilation should be distinguished from the approach to ventilation
for infants at a later postnatal age. Early LISA and non-invasive support results in later
periods of invasive ventilation for most infants at 22—23 weeks:%” likewise, conventional
(“sigh”) ventilator breaths may be later incorporated into a first-intention high-frequency
approach in order to maintain lung recruitment. Infants born at 22—-23 weeks often require
weeks or months of invasive or non-invasive respiratory support as the lungs develop. There
remains much to be learned about the best methods of providing respiratory support
throughout the duration of this clinical course in order to ensure optimal infant development,
avoid pulmonary and orofacial injury, minimize pain and discomfort, and promote the
normal processes of pulmonary development that continue into childhood. Measures of the
efficacy and safety of ventilatory intervention in this age group, such as standard definitions
of bronchopulmonary dysplasia, which were not developed for infants born this early in
gestation, deserve further attention.

Cardiovascular Support

Aspects of immature cardiovascular physiology affecting the management of infants born at
22-23 weeks include an underdeveloped contractile machinery with disorganized myofibrils,
an immature calcium handling system, and inadequately compliant collagen.68.69 These
factors predispose the immature heart to diastolic dysfunction, poor tolerance to increased
afterload, and an inability to cope with states of reduced preload.”%-72 Moreover, animal
models demonstrate that adrenergic receptor profiles and the enzyme systems that modify
catecholamine response change throughout fetal development; the impact of these changes
on clinical management of infants with extreme prematurity is not well understood.”3-7°

Glucocorticoid production by the immature adrenal cortex also affects cardiovascular
performance. The adrenal grand grows throughout fetal life due to the combined actions of
adrenocorticotrophic hormone (ACTH) and constant supply of progesterone from the
placenta. After birth, the adrenal gland loses approximately 50% of its weight, primarily due
to the atrophy associated with a rapid decrease in ACTH concentration.’® Immature function
of 3-beta-hydroxysteroid dehydrogenase in infants with extreme prematurity may limit the
ability of these infants to produce adequate cortisol once the transplacental supply of both
cortisol and progesterone are terminated.’” For these reasons, more immature infants may be
at increased risk of adrenal gland-related cardiovascular compromise, potentially explaining
the increased efficacy of routine hydrocortisone to decrease mortality and
neurodevelopmental impairment in clinical trials among more immature infants versus more
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mature ones.’879 The duration of this potential susceptibility is not well known; Japanese
neonatologists describe “late-onset circulatory collapse” treated with hydrocortisone in
nearly 1 in 4 infants born at 22-23 weeks of gestation,8? although this condition is not well
described in medical literature outside of Asia.8!

Due to its lack of vasa vasorum, thinner medial wall muscular layer, and fewer intimal
convolutions, the ductus arteriosus may be less likely to spontaneously close the earlier in
gestation an infant is born.82 Persistent elevation of vasoactive substances that dilate the
ductus arteriosus, such as prostaglandin E, nitric oxide, and cytokines induced by
inflammation, may also contribute to delayed ductal closure.83:84 Although infants <23
weeks may be at risk from prolonged exposure to the hemodynamic consequences of a
ductal shunt, evidence of treatment efficacy is currently limited.

The development of pulmonary vasculature is closely associated with airway development.
Moreover, animal models suggest that biological mechanisms that reduce pulmonary
vascular resistance after birth develop during the second and third trimesters.8° Increased
pulmonary arterial resistance in infants born at <23 weeks of gestation may lead to impaired
oxygenation, decreased right ventricular systolic performance due to elevated afterload, and
decreased systemic perfusion. Data from Japan show that the incidence of pulmonary
hypertension after birth is inversely associated with gestational age, with more than 1 in 5
infants born at 22 weeks affected (Figure 2).86 The use of selective pulmonary vasodilators
such as inhaled nitric oxide for the treatment of acute pulmonary hypertension in this age
group is controversial, although is recommended in Japan.87

Due to the high risk of derangements in hemodynamic function (intravascular volume
depletion, impaired heart function, patent ductus arteriosus physiology as pulmonary
vascular resistance falls), early screening echocardiography (between 12—24 postnatal hours)
is often used to inform practice at the authors’ institutions. Longitudinal echocardiography
may also be useful to guide the appraisal of response to intervention and to assist weaning of
those interventions when no longer needed. Due to the fragility of this patient population,
echocardiography evaluations should be performed by highly skilled sonographers who are
able to perform a comprehensive and complete assessment (documentation of normal
anatomy, assessment of heart function, assessment of pulmonary and systemic
hemodynamics, assessment of atrial or ductal shunts) efficiently (e.g., within 15-20
minutes).

Fluids, Nutrition, Skin, and Kidneys

Several characteristics of infants born at <23 weeks that have a relatively large importance in
their management may be easily overlooked: 1) a total body water content of close to 90%
with the relative excess held mostly in the extracellular fluid compartment;88:8° 2) an
epidermis consisting of only 34 cell layers covered by a thin (a few microns) stratum
corneum; 0 3) a low glomerular filtration rate in combination with renal tubules and
collecting ducts that are fewer, functionally immature, and under weak hormonal control,
resulting in a limited ability for sodium and water handling and significant risk of acute
kidney injury.91:92 For these reasons, infants born at <23 weeks of gestation require larger
fluid intake volumes in early postnatal life compared with more mature infants.%3
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The infant born at <23-week has high insensible water loss (IWL) when expressed per kg, in
part due to the high surface-area-to-mass ratio and the thin barrier to evaporation. Because
insensible water loss from the skin and respiratory tract is inversely proportional to the
relative humidity close to the air-tissue surface, the care environment has a dramatic impact
on IWL and resultant fluid intake needs.92 Although respiratory water loss will be negligible
during mechanical ventilation using heated humidified gas, ambient humidity is low under a
radiant warmer, resulting in an IWL several-fold higher than what would be the case during
care in a highly humidified incubator. By extrapolating from available data, IWL can be
estimated to range from 50 mL/kg/day in a maximally humidified incubator (~90% relative
humidity) to approximately 170 mL/kg/day during care under a radiant warmer with the use
of plastic wrap to promote a humid microenvironment (~40% relative humidity). Depending
on the individual urinary output, this huge difference in IWL would translate to an estimated
initial fluid requirement ranging from ~100 to ~300 mL/kg/day.%* A mismatch between fluid
prescription and care environment could thus easily contribute to rapid dehydration and
hypovolemia or, conversely, to fluid overload. Given the difficulty of estimating IWL
directly, as well as the immature renal filtration of these infants, clinicians at the authors’
centers pay detailed attention several times daily during early transition to markers of
hydration and perfusion, including measurement of serum or whole blood sodium and
lactate, urine output, daily weight, or echocardiography indices of adequate preload.

Postnatal exposure to a relatively dry environment induces rapid epidermal proliferation and
barrier formation in infants with physiologic immaturity. This results in a gradually reduced
cutaneous IWL, and, by one week of age, the fluid lost from the skin is reduced by ~50%.%°
However, the clinical relevance of this finding and the optimal trade-off between the skin
barrier-promoting benefit of the low-humidity environment and the management of high
fluid losses has not been established. Prior to keratinization and thickening, the thin skin
barrier of the infants <23 is easily compromised by routine care that would pose no problem
to the robust skin of a more mature neonate. In particular, stripping of the epidermis by
removal of tape or other adhesives is associated with severe barrier disruption and may
predispose to fungal or bacterial infection. Although infants at 22—-23 weeks have not been
subjected to randomized trials of skin care protocols, there is considerable experience to
support applying a cautious approach to their skin care, particularly during the first weeks of
life, avoiding as much as possible the application of tape and adhesives as well as potentially
toxic substances with potential for absorption. The safety of common cutaneous NICU
exposures and methods to maintain skin integrity deserve further attention.

Maturation of the most immature infants is only possible if receiving the nutritional building
blocks necessary to create lean body, fat, and bone mass and provide the cofactors necessary
for appropriate biochemical function. Little has been published regarding the unique
nutritional challenges of infants with gestational ages of <23 weeks. Using published data
regarding the changes in body composition of the fetus over the course of pregnancy, it is
possible to identify several nutrients, in addition to water, that are of particular importance
for these infants, including protein, phosphorus, and sodium.% At 22-23 weeks of gestation,
the fetus consists predominantly of water and lean body mass with minimal fat mass. As the
fetus matures into the third trimester, the rate of lean body mass accretion declines while
mineral needs for bone accretion increase, resulting in an increase in the required calcium-
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to-phosphorus ratio. Although sodium accretion over the course of gestation is relatively
steady, immature renal function has been associated with increased sodium requirements
especially after postnatal diuresis has been completed and the infant begins to demonstrate
anabolism.%” The unique enteral and parenteral nutritional needs of infants born <23 weeks
require further research.

Protection of the Immature Brain

The brains of infants born at 22—23 weeks of gestation are more immature than those of
infants born later, both anatomically and physiologically. There are few gyri visible on the
surface of the cerebral cortex, the capillary network of the germinal matrix is very fragile,
and there is limited capacity for autoregulation of cerebral blood flow. As a result of these
latter factors, infants born at 22—-23 weeks appear several-fold more vulnerable to IVH than
those born just weeks later (Figure 2).54 Infants born at 22—23 weeks are also at increased
risk of adverse neurodevelopmental outcomes. Approximately 1 in 3 survivors at 22 weeks
and 1 in 4 survivors at 23 weeks are estimated to have severe cognitive delays, severe
cerebral palsy, blindness, or deafness at 2 or 3 years of age. By comparison, the same cohort
studies identified these conditions at follow-up in 1 of 10 survivors at 26 weeks.** In Japan,
among 454 infants born at 22 weeks and 1230 at 23 weeks, despite improvements in
mortality, visual impairments, and cerebral palsy from 2003-2012, the proportion of
survivors at 22-23 weeks affected by cognitive delay at 3 years did not improve.” Much
remains to be learned about the neurodevelopmental needs of infants born so early during
gestation, including the management of pain, provision of skin-to-skin care, and use of other
developmental supports.

Limiting Risks of Infection and Necrotizing Enterocolitis

Infants at 22—23 weeks are at higher risk of sepsis and NEC compared with more mature
infants, even those at 24—25 weeks of gestation (Figure 2).54 Together with respiratory
failure and “immaturity” (which, together, accounted for over half of deaths at 22—23 weeks
in some US centers®8), sepsis and NEC are common causes of mortality. Rates of invasive
fungal infection are also much higher in this population, although optimal prevention
strategies remain to be elucidated.?® Based on the authors’ experiences, measures such as
human milk feeding,1%9 probiotics,191 and attention to meconium passage and feeding
tolerancel92 may mitigate risks of adverse gastrointestinal sequelae, although few infants
born at <23 weeks were included in the studies that support these interventions.

Outcomes after Birth at <23 weeks

Available data suggest that reasons for premature birth may differ by gestational age, such
that births of infants at <23 weeks are more likely due to chorioamnionitis and less likely
due to hypertensive diseases of pregnancy than births later in gestation, possibly influencing
infant outcomes.84 Many births at <23 weeks result in the fetus dying during labor
(intrapartum stillbirth) rather than being born alive. Rates of intrapartum stillbirth at <23
weeks vary substantially around the world.103
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In the NICU, infants born at <23 weeks have higher rates of air leak syndrome, pulmonary
hypertension, intraventricular hemorrhage, sepsis, and bowel perforation than infants born
just weeks more mature, highlighting the innate vulnerabilities of this population and their
distinction from other infants born extremely preterm (Figure 2).64

Based on linked birth certificate and death certificate data from the US Centers for Disease
Control as well as data from US Vermont Oxford Network hospitals (Figure 1), between 150
and 250 infants born at 22 weeks of gestation survive in the US each year, and up to 5 times
as many survive at 23 weeks of gestation.1® Beyond the early-life neurodevelopmental
outcomes noted previously, infants born at <23 weeks are at high risk for altered function of
other organ systems later in life. However, given the recency of survival after birth at <23
weeks in many developed countries, the long-term implications of birth this early in
gestation on cardiovascular, pulmonary, neurologic, renal, bone and other diseases of
adulthood remain poorly defined.1%4 Further research on long-term outcomes of survival is
critical to improving care throughout the lifespan.

Future Directions

When provided for infants born at <23 weeks of gestation, most interventions of intensive
care are not currently supported by research. In a systematic review of randomized
controlled trials published in 2010-2019 of interventions for infants with extreme
prematurity, among 16,287 trial participants, 203 (1.2%) were identifiable as having been
born at <23 weeks of gestation (n=7 at 22 weeks; n=196 at 23 weeks).10> As shown here,
evidence to support clinical management of infants <23 weeks of gestation is generally
comprised of observational studies, extrapolation from knowledge of physiology, and
“adjacent evidence” from research on infants of more mature gestational ages. Although
clinical experience has led to improved outcomes for infants born at <23 weeks of gestation
at the authors’ centers over time, there exist many differences between the centers’
approaches. Much remains to be learned about how to best care for pediatrics’ youngest
patients.

Challenges to the study and care of infants born at 22-23 weeks include that: their numbers
are often small at any single hospital; their birth is often unplanned and urgent; and their
inpatient care is often prolonged. Infants born at 22—-23 weeks often require 5 or more
months of in-hospital care (a period approximately as long as their duration of /n utero
gestation) before reaching maturity adequate for discharge, with many events and decisions
during their inpatient course impacting their clinical needs and outcomes. Despite the lack of
evidence to support many aspects of clinical care, the authors agree that several key factors
need to be taken into account at centers considering providing intensive care for infants born
at 22-23 weeks (Table 11).

Avreas for funding agencies and research institutions to prioritize include prospective
registries to better understand outcomes and natural histories as well as collaborative
physiology-driven comparative effectiveness research to identify best practices. Analysis of
clinical trial data to consider whether there is differential effect from interventions by
gestational age should also be considered. The effect of interventions may change as the
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physiology of the patient changes throughout development: for example, approaches to
feeding and thermal management used at 36 weeks may not apply to infants born at 32
weeks; similarly, the effect of interventions at 26 weeks may be different at 22 weeks.
Improved reporting practices have been recommended for outcomes of infants born at
extremely preterm gestational ages, which may assist in developing better evidence.106
Where reasonable evidence is available, such as regarding the effect of antenatal
corticosteroids on reducing mortality at 22 and 23 weeks,37-39 development of consistent
medical guidelines*3 may save lives and reduce morbidity.3¢ Moreover, basic and
translational research is needed to understand the unique physiology of infants born at <23
weeks. These approaches may elucidate better ways to care for this novel group of patients
and improve outcomes for them, their families, and society at large.

Conclusions

The provision of intensive care for infants born at 22 and 23 weeks has become
commonplace in some hospitals and countries in recent years. Several hospitals around the
world now report high rates of survival (>50%) as early as 22 weeks of gestation, but data on
long-term outcomes are limited. Although the unique clinical needs of infants born at <23
weeks should be distinguished from those of more mature infants, few high-quality sources
of clinical evidence exist to guide care for this population, which requires specialized
attention. Further research is needed to improve understanding of how to best care for
infants born at these early gestations.
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Figure 1. Active Treatment and Survival for Liveborn Infants at 22 Weeks in the US
Active treatment is defined as respiratory support (including face mask ventilation, nasal

continuous positive airway pressure, endotracheal intubation, surfactant therapy, or
mechanical ventilation), chest compressions, or epinephrine. Survival is to hospital
discharge or 1 year. The denominator includes all live births, including deaths that occurred
in the delivery room. Data are from hospitals participating in the Vermont-Oxford Network.
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Figure 2. Morbidities of Infants born Extremely Preterm in the Japanese Neonatal Research
Network

In-hospital morbidities for live born infants with extreme prematurity in the Japanese
Neonatal Research Network 2003-2017 by gestational age at birth.54 Air leak includes
pneumothorax and pneumomediastinum. Sepsis was defined as a positive blood culture at
any time after birth. Intraventricular hemorrhage (1\VVH) includes all grades. Persistent
pulmonary hypertension of the newborn (PPHN) was defined as a right-to-left shunt at the
foramen ovale and/or ductus arteriosus, without cardiac anatomical abnormality, diagnosed
by echocardiography. Necrotizing enterocolitis (NEC) was defined as Bell stage Il or
greater; intestinal perforation (IP) was diagnosed if free air in the abdomen for a reason
besides NEC. The denominator includes all live births (n=943 at 22 weeks; n=2712 at 23
weeks; n=3764 at 24 weeks; n=4366 at 25 weeks; n=5278 at 26 weeks; n=6161 at 27
weeks).
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Table 1.

Classification of preterm births by gestational age

Late Term 41 weeks
Term 39-40 weeks
Early Term 37-38 weeks
Late Preterm 34-36 weeks
Moderately Preterm | 32-33 weeks
\ery Preterm 28-31 weeks
Extremely Preterm <28 weeks
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Table 2.

Considerations for clinicians offering intensive care for infants < 23 weeks

How do neonatologists and obstetricians collaborate in the care of the maternal-child dyad? Are decisions about antenatal corticosteroids and c-
section considered separately?

How do healthcare providers communicate and collaborate with parents and caregivers? Are mechanisms for shared decision-making and
ongoing communication in place?

Is appropriately sized equipment available for respiratory support and intravenous access?

Do all team members in the neonatal intensive care unit (e.g.,physicians, nurse practitioners, nurses, respiratory therapists, nutritionists, and
others) agree that intensive care for such immature infants is not futile?

Do clinicians recognize the unique physiological challenges and vulnerabilities of infants <23 weeks—that they are not just smaller preterm
infants?

Is multidisciplinary long-term follow-up in place to provide support for these vulnerable patients after they are discharged from the hospital?

Are outcomes tracked, benchmarked, and monitored to identify areas for improvement in this nascent area of practice?
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