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The transition from intrauterine to extrauterine life is a complex adaptation. Although, in a sense, the entire time in utero is in preparation for

this transition, there are many specific anatomic and physiologic changes that take place in the weeks and days leading up to labor that facilitate

a healthy transition. Some, including increasing pulmonary vasculature and blood flow, are part of an ongoing process of maturation. Others,

such as a reversal in the lung from secreting fluid to absorbing fluid and the secretion of pulmonary surfactant, are associated with the hormonal

milieu that occurs when spontaneous labor is impending. Interventions such as elective cesarean birth or induction of labor may interfere with this

preparation for birth. Postnatal interventions such as immediate clamping of the umbilical cord and oropharyngeal suction may also compromise

the normal process of newborn transition. This article reviews the physiology of the fetal to newborn transition and explores interventions that

may facilitate or hinder the optimal process.
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INTRODUCTION

A newborn’s first breath initiates a cascade of changes that
allow the newborn to make the transition from dependence
on the placenta and maternal metabolism in utero to life as
a separate individual. These changes are preceded by a series
of physiologic events prior to spontaneous labor and can be
either hindered or helped by numerous intrapartum or post-
partum events. An appreciation for factors that facilitate phys-
iologic transition and ways in which it can go awry is impor-
tant for anyone involved in the care of newborns. Although
the processes for fetus to term newborn and fetus to preterm
newborn are the same, factors such as immaturity, inadequate
fat, and increased surface area increase the chance of compli-
cations in the preterm newborn, such as respiratory distress
syndrome from surfactant deficiency, hypothermia, and hy-
poglycemia. This article focuses on term newborns and de-
scribes the fetal to newborn transition. Clinical interventions
that may facilitate or interfere with this transition in the term
newborn are reviewed.

FETAL CIRCULATION

A review of fetal circulation is integral to an understanding
of newborn transition. The fetus is dependent on the mother
for oxygenation and removal of carbon dioxide, nutrition, and
excretion of waste. The fetal lungs are not necessary for gas
exchange, and there is no benefit for the entire blood volume
to pass through pulmonary circulation. Fetal shunts allow for
maximal flow of the most highly oxygenated blood to perfuse
the heart and brain and largely bypass the lungs." In addi-
tion, there are several fetal vessels that are vasoreactive and
either dilate or constrict in response to changing oxygen lev-
els and direct the oxygenated blood to where it is most es-
sential. These shunts, vasoreactive vessels, and the resulting
blood flows are described in Table 1. They are also presented
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in diagrammatic form in Figure 1. Fetal circulation has the ca-
pacity in times of stress to shunt blood away from less critical
organ systems such as the kidneys and the gut to the heart,
brain, and adrenal glands, that is, those organs critical for
survival.?

The placenta is the interface between the fetus and the
mother, and the vast majority of fetal blood flow is directed
toward the placenta via the umbilical arteries. After the ex-
change of gases, nutrients, and wastes, the blood returns to the
fetus via the umbilical vein (UV), with an oxygen saturation of
about 80%. Because of the characteristics of fetal hemoglobin
that facilitate transfer of oxygen from the mother to the fetus,
this correlates with a pO, between 30% and 35%.>

As diagrammed in Figure 1, approximately 50% of the
blood from the umbilical vein traverses the fetal liver.! The
oxygenated blood mixes with desaturated blood from the por-
tal veins and further with desaturated blood from the inferior
vena cava, which is returning venous blood from the lower
body. On entering the right atrium, the oxygen saturation has
decreased to about 67%, or a pO, of 25.* Because of flow
dynamics and the anatomic location of the foramen ovale,
on entering the right atrium, this relatively oxygenated blood
from the inferior vena cava crosses the foramen ovale to the
left atrium. The left atrium also receives the blood return-
ing from the pulmonary veins. The blood in the left atrium
is pumped to the left ventricle and out the ascending aorta to
perfuse the coronary arteries and brain with an oxygen sat-
uration of 62% (pO, = 20). Meanwhile, the blood returning
to the heart via the superior vena cava (SVC) also enters the
right atrium. Because of the same flow dynamics that directed
the return from the inferior vena cava through the foramen
ovale, the blood from the SVC flows into the right ventricle
and to the pulmonary arteries. The pulmonary arteries (PAs)
are vasoconstricted because of physiologic fetal hypoxia caus-
ing high resistance, whereas the ductus arteriosus is dilated
due to the same physiologic hypoxia and offers little resistance
to flow. Most of the right ventricular output flows across the
ductus arteriosus (DA) to the descending arch of the aorta,
whereas only 10% to 12% perfuses the lungs. As pulmonary
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In the majority of cases, spontaneous labor occurs at the time

+ e e

Routine interventions such as early cord clamping, separating t
airway can hinder physiologic transition.

Recent research provides evidence that birth without labor leads to decreased absorption of lung fluid.
Newborn transition is a complex cascade of events that most healthy, term newborns are able to complete without difficulty.

Delayed cord clamping and skin-to-skin contact provide support to the normal newborn transition process.

of optimal maturation of the fetus.

he newborn from the mother, and suctioning of the newborn

vasculature further develops toward term, the amount of
blood flow to the lungs increases but continues to be less than
the flow through the ductus arteriosus.””

FETAL CORTISOL

Cortisol plays a multisystem role in preparing the fetus to
make a successful transition to extrauterine life. Fetal cortisol
levels increase by 50% between 35 weeks’ gestation and term
as the fetal adrenal gland develops the capability to synthesize

and release cortisol. Cortisol levels quadruple during term la-
bor and the first hours after birth. The late gestation increase
in cortisol affects fetal and neonatal thyroid metabolism, cat-
echolamine release, glucose metabolism, the digestive capa-
bility of the gut, maturation of surfactant production, the
switch from secreting to absorbing lung fluid, and increased
-adrenergic receptors.’

Prior to term the lung epithelium secretes fluid, which
contributes to amniotic fluid. Lung fluid secretion is ac-
complished by chloride secretion and the relative inactivity

Table I. Fetal Shunts and Vasculature Involved in Fetal to Neonatal Transition
Shunt/Vessels Status in Utero Response to First Breaths Adult Vestige
UMBILICAL VESSELS

Umbilical vein (UV) Carries blood from placenta to fetus. Collapses as blood flow from the Ligamentum
Nonmuscular walls, not vasoactive in placenta ceases. teres
response to oxygenation.

Umbilical arteries (UAs) ~ Carry blood from descending aorta to Vasoconstrict with increasing Medial umbilical
placenta. Muscular, vasoactive in response oxygenation. ligaments
to oxygenation. Dilated in hypoxemic
environment.

FETAL SHUNTS

Ductus venosus (DV) Shunts 50% of flow from UV directly to Collapses as blood flow from the Ligamentum
inferior vena cava. Nonmuscular walls, not placenta ceases. venosum
vasoactive in response to oxygenation.

Foramen ovale (FO) “Flap door” between right and left atria. Functionally closes when systemic Interatrial
Allows interatrial flow when pressure is pressure exceeds pulmonary septum
higher in the right atrium than the left pressure. Anatomically closes by
atrium. approximately 30 months of age.

Ductus arteriosus (DA) Shunts blood from PA to aorta. Muscular, Functionally closes within several Ligamentum
vasoactive in response to oxygenation. hours of birth as oxygenation arteriosum
Dilated in hypoxemic environment and increases and prostaglandin E, levels
under influence of prostaglandin E,. plummet with loss of the placenta.

Negligible flow by 4 days. Permanent
closure takes place at 1- 3 months.
OTHER VASOREACTIVE ARTERIES

Pulmonary arteries (PAs) Muscular, vasoactive in response to Dilate quickly after birth in response to
oxygenation. Constricted in hypoxemic rising oxygen levels.
environment.

Sources: Moore et al*; Blackburn'?; Fineman & Clyman.!
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Figure |. Fetal Circulation

Source: http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/SymptomsDiagnosisof CongenitalHeartDefects/Fetal-Circulation_UCM_315674_Article.jsp

of sodium (Na™) reabsorption. Prior to birth, under the
influence of cortisol, endogenous catecholamines, and thy-
roid hormones, the secretion of chloride and resultant fluid
shuts down, and Na™ absorption begins to occur, removing
fluid from the airways.” Increasing levels of cortisol, cat-
echolamines, and surfactant at term facilitate and increase
sodium-specific channels (epithelial sodium channels) that
are responsible for transporting sodium from the lumen of
the alveoli into the alveolar epithelial cells. The sodium then
is excreted into the interstitial space by active transport.®’
Figure 2 diagrams in detail the movement of Na™, and con-
sequently fluid, from the alveoli to the interstitium. This shift
from secretion of fluid to absorption of fluid begins prior to
the onset of spontaneous labor and increases during labor. The
decrease in lung fluid enhances the adaptation to air breath-
ing. Sheep studies have shown that lung fluid was 45% less in
mature fetuses in labor than in fetuses that did not experience
labor.®

664

IMMEDIATE PHYSIOLOGIC TASKS OF THE
NEWBORN

The newborn must accomplish major changes within the first
minutes after birth. These include: 1) initiate and maintain
regular respirations, 2) convert from fluid-filled to air-filled
lungs, and (3) redirect blood flow toward the fetal lungs and
close the fetal shunts. These events are closely intertwined but
are dependent on the critical first breaths.

Initiation of Respiration

Numerous factors lead to the initiation of respirations, in-
cluding mild asphyxia; temperature changes; and tactile, light
noise, and proprioceptive stimuli greater than ever before
experienced. There is also thoracic recoil with the birth of
the torso. Temperature change and the normal physiologic
asphyxia experienced at birth are significant stimuli. In the
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Figure 2. Epithelial Sodium Absorption in the Fetal Lung Near Birth

Na* enters the cell through the apical surface of both alveolar type i (T-I) and alveolar type ii (T-II) cells via amiloride-sensitive epithelial sodium
channels (ENaCs), both highly selective channels (HSCs) and nonselective channels (NSCs), and via cyclic nucleotide gated channels (CNGCs, only
in T-I cells). Electroneutrality is conserved with CI~ movement through the cystic fibrosis transmembrane conductance regulator (CFTR) or through
chloride channels (CLCs) or paracellularly through tight junctions. The increase in cell Na stimulates Na, K*-ATPase activity on the basolateral aspect
of the cell membrane, which drives out 3 Na* ions in exchange for 2 K* ions (a process that can be blocked by the cardiac gltcoside ouabain). When
the net ion movement is from the apical surface to the interstitium and osmotic gradient is created, directing water in the same direction via either

Source: Reprinted from Keene et al” with permission from Elsevier.

healthy fetus the pH ranges from 7.40 to 7.43 in the umbil-
ical vein down to 7.36 to 7.39 in the descending aorta. The
corresponding pCO; levels are 38 to 42 in the umbilical vein
and 43 to 48 in the descending aorta.! Immediately after birth
the umbilical venous pH has decreased to 7.32 to 7.35, and
the umbilical arterial pH has decreased even further, to 7.24
to 7.28. The UV pCO, is 38 to 44, but the umbilical arte-
rial pCO; has increased to 49 to 53.° Elevated CO; levels are
a powerful respiratory stimulant, much more so than low-
ered oxygen levels. (Try holding your breath as long as you
can. It is the increased CO; that leads to the overwhelming
need to begin breathing!) Physiologic asphyxia stimulates res-
piration, but acute excess asphyxia will depress respirations.
The different responses to slight versus profound asphyxia
can be demonstrated by the occurrence of primary and sec-
ondary apnea. The fetus/newborn responds to asphyxial stress
by rapid breathing. If this breathing is not successful in re-
versing the asphyxia, a period of primary apnea ensues. Dur-
ing primary apnea, the fetus/newborn responds to stimuli by
initiating respirations. Gasping follows the period of primary
apnea. If the gasping is ineffective, such as if it occurs prior
to birth, the fetus then enters secondary apnea, which is not
only associated with apnea and bradycardia, but also a pro-
found decrease in blood pressure. Newborns in secondary ap-
nea will not respond to stimulation and require resuscitation
to initiate respiration.!

Convert From Fluid-Filled to Gas-Filled Lungs

Both clearing the lungs of fluid and maintaining the inflation
of the alveoli are essential to successful fetal-newborn transi-
tion. As discussed above, the fluid has already decreased prior
to spontaneous labor. Sodium absorption and therefore fluid
absorption accelerate even more after birth in response to the
increased catecholamines associated with birth and the new
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presence of oxygen and surfactant,” which leads to an addi-
tional 38% decrease in lung fluid over the first 6 hours after a
normal vaginal birth.® The “vaginal squeeze” also contributes
to emptying the lung of fluid, whereas lymphatic absorption
plays a lesser role.?

Role of Surfactant

During the middle of the second trimester of pregnancy, the
developing terminal sacs (destined to become the alveoli) are
lined with cuboidal epithelium. By 20 weeks’ gestation, the
pulmonary epithelium of the terminal sacs begins to differ-
entiate into type II cells (pneumonocytes) that retain their
cuboidal shape and type I cells that transform into squamous
epithelium, flattening and covering large areas of the termi-
nal sac. Between 20 to 24 weeks’ gestation the type II cells
begin to develop lamellar bodies, which are responsible for
surfactant production. During the last month of pregnancy
the type I cells, although fewer in number than type II cells,
continue to thin, covering approximately 93% of the alveolar
surface!! (Figure 2). Surfactants are lipoproteins produced by
the type II cells that allow the alveoli to remain inflated dur-
ing exhalation. Surfactant production is increased during the
last month of gestation, especially as labor approaches. The
alveolar stretch associated with the initiation of breathing and
the catecholamine release at birth further stimulate secretion
of surfactant. Surfactant arranges into a film spread over the
alveolar surface, having a polar side oriented toward the alve-
olar membrane and a nonpolar side oriented toward the air
within the alveolus. With expiration, these molecules com-
press, preventing the development of an air/liquid interface,
thereby decreasing surface tension and preventing collapse of
the alveolus.!?

In addition to reducing surface tension and maintaining
patency of the alveoli, surfactant has other important roles
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Table 2. Physiologic Preductal SpO, After Birth

1 min 60%-65%
2 min 65%-70%
3 min 70%-75%
4 min 75%-80%
5 min 80%-85%
10 min 85%-95%

Source: Kattwinkel et al.'?

in pulmonary function. The protein components of surfac-
tant are critical components of the nonspecific immune func-
tions within the lung, which include maintaining a barrier to
pathogens, recognizing pathogens, modulating chemotaxins,
and facilitating phagocytosis.!?> Premature newborns have less
surfactant than term newborns, usually in direct proportion
to the degree of prematurity. The surfactant deficiency places
them at increased risk for the atelectasis of respiratory distress
syndrome and pneumonia.

Vascular Changes and Closure of Shunts

Following the first extrauterine breaths, the newborn’s oxy-
gen level is higher than it was in utero. The physiologic hy-
poxia that maintained constriction of the pulmonary arter-
ies and dilation of the umbilical arteries becomes reversed.
Quickly, the pulmonary arteries dilate, decreasing resistance
and increasing blood flow to the lungs, further increasing oxy-
genation. Oxygenation continues to increase gradually during
the first 10 minutes after birth!® (Table 2). The increased pul-
monary blood flow leads to lower pressure in the right atrium
and ventricle and increased flow to the left atrium via the
pulmonary veins. The increasing oxygen levels and the
stretching of the umbilical cord that occurs during the birth!*
also cause the vasoactive umbilical arteries to constrict, cut-
ting off flow to the low-resistance circuit of the placenta. The
ductus arteriosus constricts more gradually in response to
oxygen than do the umbilical arteries. As pulmonary resis-
tance decreases and systemic resistance increases, the pressure
in the 2 circuits equalizes, and blood flow through the ductus
arteriosus functionally ceases.

Dilation of the pulmonary arteries opens a vascular space
that had been a potential space in the fetus, which now must be
well perfused. Flow from the newborn to the placenta ceases
because of vasoconstriction of the umbilical arteries, but the
umbilical vein remains patent, allowing continued blood flow
from the placenta to the newborn. A transfusion of blood
from the placenta occurs with the continued physiologic con-
tractions of the uterus. In the original research by Yao et al,
the newborn was held approximately 10 cm lower than the
introitus, and newborn total blood volume increased from
70 mL/kg at birth to approximately 90 to 95 mL/kg with a 3-
minute delay in clamping the cord.'® With the current practice
of placing a newborn skin to skin on the mother’s abdomen
or chest, full placental transfusion requires approximately
5 minutes.'®!” The increased vascular volume resulting both
from the placental transfusion, as presented in Figure 3, and
the absorption of any remaining lung fluid allows for perfu-
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Source: Smith and Nelson.*®

sion of the pulmonary vasculature without the need for the
newborn to shunt blood away from the less critical organs and
extremities.

FURTHER ADAPTATIONS TO EXTRAUTERINE LIFE
Thermoregulation

In utero, fetal temperature is usually about 0.5°C warmer than
the mother because of heat generated by the uterus, placenta,
and fetal metabolism.'® Heat generated by fetal metabolism
is transferred to the mother primarily via placental circula-
tion, with a smaller amount dissipated via the amniotic fluid
and uterine wall. Brown adipose tissue (BAT) is apparent by
29 weeks’ gestation and continues to increase throughout the
third trimester. By term, a newborn has about 30 g of BAT de-
posits, located between the scapulae at the nape of the neck, in
the axillae, in the mediastinum, and surrounding the kidneys
and adrenal glands. In comparison to white adipose tissue,
BAT has high concentrations of mitochondria, a richer blood
supply, numerous lipid inclusions, greater glycogen stores, and
more extensive sympathetic nerve supply, all of which facili-
tate rapid metabolism, heat production, and transfer of heat
outward.'? Metabolism of BAT is suppressed prior to birth.!3

At birth the newborn leaves a fluid-filled thermal bub-
ble and enters into a cooler, drier environment. Immedi-
ately the newborn begins to lose heat via conduction, convec-
tion, evaporation, and radiation, described in Table 3. Con-
vective, radiant, and evaporative heat loss are also associated
with concurrent fluid loss. Although this fluid loss may not
compromise a term newborn, it can lead to significant fluid
balance concerns in the preterm newborn. Cold receptors
in the skin and spinal column and hypothalamic thermal
receptors are stimulated, further activating the sympathetic
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Table 3. Mechanisms of Newborn Heat Loss

Mechanism Process

Conduction Transfer of heat to or from newborn to a cooler solid surface
through direct contact

Convection Transfer of heat from newborn to the surrounding air

Evaporation Heat loss due to energy exchange during evaporation of liquid

Radiation Transfer of energy to or from newborn to a surface not in direct
contact, such as walls, windows, heat lamps

How to Minimize Heat Loss

Place newborn skin to skin with mother

If separation is necessary, place on a prewarmed
surface

Maintain ambient temperature of 72°F

Minimize air currents

Dry newborn thoroughly following birth

Maintain adequate relative humidity

Maintain distance between newborn and cold

exterior walls

Adapted from: Smith and Nelson*®; Blackburn.'?

nervous system that had been stimulated by labor.'® This in-
creased sympathetic nervous system activity releases nore-
pinephrine within the BAT, producing heat via nonshiver-
ing thermogenesis. Brown adipose tissue deposits are reduced
in preterm and growth-restricted newborns, placing them at
higher risk for cold stress and hypothermia. Decreases in new-
born skin temperature can stimulate a 100% increase in heat
production.'?

Thermoregulation is a balance of heat production and
heatloss. In addition to heat production by nonshivering ther-
mogenesis, the newborn has the ability to produce heat by in-
creasing activity and, to a limited degree, by shivering. Heat
loss has 2 components: an internal heat gradient from the core
to the periphery of the newborn and an external heat gradi-
ent from the newborn to the environment. The internal heat
gradient is affected by the degree of subcutaneous fat and pe-
ripheral vasodilatation or constriction, whereas the external
gradient is more influenced by external forces, with newborn
control limited to changing the surface area through flexion.
Newborns who are not protected from heat loss produce more
heat with activity and nonshivering thermogenesis, consum-
ing more oxygen and energy. Because of increased metabolic
activity, neonatal cold stress can lead to hypoglycemia and
occasionally hypoxia. Conversely, oxygen consumption also
increases with higher body temperature. The neutral ther-
mal environment is the environmental temperature at which
basal metabolic demands are lowest. Minimizing metabolic
demands is critical for the preterm or low-birth-weight new-
born; it also facilitates normal transition in the term, normally
grown newborn.

Nutrition

The fetus depends on the placenta for the transfer of nutri-
ents from the maternal circulation, but metabolism of these
nutrients is regulated by the fetus. Glucose is the major en-
ergy source and is transported from maternal to fetal circu-
lation in the placenta via facilitated diffusion. Between 30%
and 40% of this glucose is utilized by the placental tissue
itself.2% The rest enters fetal circulation and stimulates insulin
secretion by the fetal pancreas. Insulin not only induces li-
pogenesis, but also releases insulin-like growth factor pro-
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duced by the fetal liver. Birth weight is correlated to lev-
els of insulin-like growth factors.?! In addition to meeting
metabolic needs, large amounts of glucose are converted to
glycogen and stored in the liver. Glycogen is also stored within
the cardiac and skeletal muscle. At birth, the stream of nu-
trients from the mother ceases, and the newborn must in-
dependently maintain normal glucose levels. Newborn blood
glucose initially decreases, reaching a nadir about one hour
after birth. Insulin production decreases with the lower blood
glucose, and glycogenolysis (release of glucose from glyco-
gen) is stimulated.”> Hepatic glycogen is mostly depleted
by 10 hours after birth, and newborn glucose production
switches from glycogenolysis to gluconeogenesis, the produc-
tion of glucose from lactate and amino acids.* Lipolysis pro-
vides another energy source. Initiation of feeding usually sta-
bilizes the term neonate’s glucose levels.!?

Initiation of Breastfeeding

Human milk provides the ideal nutrition for newborns and in-
fants, and the American Academy of Pediatrics recommends
exclusive breastfeeding for the first 6 months of life, begin-
ning within the first hour after birth.>* Colostrum contains
antibodies, is not irritating, is easily swallowed, and enhances
meconium passage.'? Initiation of feeding stimulates produc-
tion of the hormones that are responsible for postnatal gut
development.

Excretion of Waste

Fluid and electrolyte balance and excretion of wastes main-
tained by the placenta in utero must also be assumed by
the newborn after birth. Renal blood flow and glomerular
filtration rate (GFR) increase at birth but remain lower in
newborns than in older infants, primarily because of residual
elevations of renal vascular resistance continuing from the
fetal state.”> Newborns are able to dilute their urine similarly
to adults but do not concentrate urine as effectively. Because
of the lower GFR, a newborn is unable to manage large water
loads.!> Many newborns void soon after birth, and 95% do
so within 24 hours.”® Within 12 to 24 hours the newborn
diureses, mobilizing extracellular fluid and decreasing that
compartment from 40% at birth to 30%. This fluid loss
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accounts for much of the weight loss that occurs over the first
5 days.?’

Although some fetuses pass meconium in utero, for the
most part intestinal motility is quiescent prior to birth. Gut
motility is related to increasing maturity and gastrointesti-
nal hormones, especially motilin, which increases intestinal
motor activity.?® More than half of term newborns will pass
meconium within the first 12 hours, 94% within 24 hours,
and 99.8% will have passed meconium by 48 hours after
birth.

FACTORS AND INTERVENTIONS THAT
FACILITATE NORMAL NEWBORN TRANSITION

Awaiting Spontaneous Labor

The onset of labor is related to a complex interaction of mater-
nal, fetal, placental, cervical, and uterine processes. Awaiting
spontaneous labor allows these interactions to proceed opti-
mally, allowing for optimal maturation of the fetal/newborn
lung. Fetal cortisol levels more than double between 35 weeks’
gestation and term, increasing further during labor.> For the
vast majority of fetuses, spontaneous labor occurs at the prime
time of lung function, having reversed the flow of lung fluid
from secretion to absorption and producing adequate surfac-
tant to prevent atelectasis and respiratory distress syndrome.

Delayed Cord Clamping

The procedure of tying and clamping the umbilical cord soon
after birth was introduced in the 1600s, and steadily grew in
popularity. Despite widespread adoption of the practice, there
remained voices criticizing early cord clamping as having a
deleterious effect on the newborn, and there have never been
well-controlled studies that demonstrate a benefit to early or
immediate cord clamping.?’ Rather, there has been an increas-
ing body of evidence that supports benefits of delayed cord
clamping. The primary effect of delayed cord clamping is ex-
pansion of the blood volume by 20 to 30 mL/kg.'>!” This pla-
cental transfusion offers benefits beyond the immediate vol-
ume expansion that facilitates cardiopulmonary transition; it
also provides additional red cell volume that contains high
iron levels (thereby decreasing iron deficiency anemia) and
large numbers of hematopoietic stems cells.'” In situations
when a delay in clamping the cord is not feasible, milking the
cord from the introitus toward the umbilicus 5 times will pro-
vide 70% of the physiologic gain that would have occurred if
cord clamping were delayed for 5 minutes.!® Administration
of uterotonics hastens but does not increase the final volume
of the placental transfusion.!”

Skin-to-Skin Contact

Placing the newborn in skin-to-skin contact on the maternal
chest confers benefits to both the newborn and the mother.
The most immediate benefit is optimal thermoregulation. A
review of the research on SSC has validated SSC effective-
ness in aiding newborn thermoregulation.’® Three studies
included in this review, with 168 participants total, were an-
alyzed for infant temperature at 90 minutes of life.”” In-
fant temperatures among SSC newborns were 0.4°C to 0.5°C
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higher in the Christiansson 1992 and 1995 studies but 0.1°C
lower in the Villalon 1993 study. A larger study of 204 by Car-
foot et al in 2005 found temperatures among SSC infants to be
0.15°C higher (P < .02) than among infants with cot care at
60 minutes of life.** Marin also found slightly higher temper-
atures (0.07°C) among SSC infants at 1, 5, and 120 minutes of
life in a study of 274 term newborns.*

Newborns who are placed in skin-to-skin contact fol-
lowing birth cry less,*® have more stable blood glucose
levels,*” and demonstrate an organized progression of behav-
iors that culminate in breastfeeding.’® Placement of the new-
born prone and flexed between the breasts safely allows the
newborn to locate the areola and self-initiate breastfeeding.*
Early skin-to-skin contact has been associated with higher
rates of breastfeeding 1 and 4 months following birth.*

INTERVENTIONS THAT MAY INTERFERE WITH
NORMAL TRANSITION

It is clear that elective cesarean birth without labor, prema-
turity, and early cord clamping interfere with optimal fetal
to neonatal transition. Other interventions that were imple-
mented without adequate study are also being shown not to
have benefit and probably cause harm. Such interventions
include routine suctioning of the airway and liberal oxygen
administration.

Elective Cesarean Birth

Newborns who are born at 37 weeks’ gestation or later by
elective repeat cesarean birth experience almost twice the
incidence of respiratory distress syndrome (2.1% vs 1.4%,
P = .0003) and transient tachypnea of the newborn (4.1% vs
1.9%, P =.0001) when compared with those born vaginally af-
ter a prior cesarean birth.%” Elective cesarean birth prior to the
onset of labor is associated with more retained lung fluid, sur-
factant deficiency, and pulmonary hypertension.*® Because of
these increased risks, some authors have recommended ad-
ministering antenatal corticosteroids to women prior to elec-
tive cesarean birth, even at term.%3"%

Oropharyngeal Suctioning

Oropharyngeal suctioning has been considered a routine in-
tervention in many delivery units for decades. Although it
is often performed with a soft rubber bulb syringe, a suc-
tion catheter may also be used. A classic study in 1971 by
Cordero and Hon found that as many as 15% of term
neonates will develop severe arrhythmias, including profound
bradycardia, in response to nasopharyngeal suction. Despite
this study, suctioning remained prevalent. In 1992 Estol et
al provided evidence that oro-nasal-pharyngeal suction pro-
vided no benefit for respiratory mechanics.*' Subsequent re-
search has failed to find any benefit to routine suctioning
whether following vaginal birth or cesarean birth.”" Two
studies found that newborns who were suctioned took longer
to reach optimal oxygen saturation than those who were not
suctioned.*>*
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Gastric Suctioning

Gastric suctioning is often used to decrease gastric contents at
birth, decreasing the risk of aspiration. Widstrom et al evalu-
ated the effect of gastric suction on healthy term neonates. No
benefits were found, initiation of breastfeeding behavior was
disrupted, and newborns responded to suctioning by swatting
at the catheter and retching. A larger study by Kiremitci et al
of 310 term newborns randomly assigned to gastric suction or
no gastric suction, once again finding no benefit to suctioning
and possibly adverse effects related to spikes in systolic blood
pressure.®

The most recent guidelines for neonatal resuscitation rec-
ommend that suctioning, including via bulb syringe, be lim-
ited to newborns with obvious obstruction or those who re-
quire positive pressure ventilation.!>46

Oxygen Administration

Prior to 2005, supplemental oxygen was recommended
for newborns with central cyanosis and 100% oxygen for
newborns requiring positive pressure ventilation. By 2005
the guidelines still recommended supplemental oxygen for
cyanosis but acknowledged potential concerns about possi-
ble adverse effects of 100% oxygen on respiratory physiology,
cerebral circulation, and potential tissue damage.*’ Incorpo-
rating the body of research on the effects of oxygen, the most
recent guidelines, published in 2010, recommend administer-
ing supplemental oxygen only if the oxygenation parameters
in Table 2 are not met and that positive pressure ventilation
may be initiated with either room air or a blended air/oxygen
mixture.'?

CONCLUSION

The transition from fetal to neonatal life is an intricate and
complex process that most term newborns are able to ne-
gotiate without difficulty. Unfortunately, many obstetric and
neonatal practices can interfere with the physiologic process,
placing the newborn at risk for suboptimal outcomes. Those
responsible for the care of pregnant women and newborns can
facilitate the successful transition by avoiding interventions
that have not been found to confer benefit to the newborn.

AUTHORS

Barbara W. Graves, CNM, MN, MPH, FACNM, is the Di-
rector of the Baystate Midwifery Education Program. Her
interest in newborn physiology and care stems from her
background working in the intensive care nursery prior to
becoming a nurse-midwife.

Mary Mumford Haley, CNM, RNP, MS, is an Assistant Clin-

ical Professor at the University of Rhode Island and owner of
RI Home Birth and Hope Family Health.

CONFLICT OF INTEREST

The authors have no conflicts of interest to disclose.

Journal of Midwifery & Women's Health « www.jmwh.org

REFERENCES

1.Fineman JR, Clyman R. Fetal cardiovascular physiology. In: Creasy
RK, Resnik R, Iams JD, Lockwood CJ, Moore TR, eds. Creasy ¢
Resnik’s Maternal-Fetal Medicine: Principles and Practice. 6th ed.
Philadelphia: Saunders Elsevier; 2009.
2.Moore KL, Persaud TVN, Torchia MG. The Developing Human:
Clinically Oriented Embryology. 9th ed. Philadelphia: Elsevier Saun-
ders; 2013.
3.Gabbe SG, Niebyl JR, Simpson JL, et al. Obstetrics: Normal and Prob-
lem Pregnancies. 6th ed. Philadelphia: Saunders Elsevier; 2012.
4.Rozance PJ, Rosenberg AA. The neonate. In: MacDonald MG, Mul-
lett MD, Seshia MMK, eds. Avery’s Neonatology: Pathophysiology
and Management of the Newborn. 6th ed. Philadelphia: Lippincott
Williams & Wilkins; 2005.
5.Hillman NH, Kallapur SG, Jobe AH. Physiology of transition from in-
trauterine to extrauterine life. Clin Perinatol. 2012;39(4):769-783.
6.Riley CA, Boozer K, King TL. Antenatal corticosteroids at the
beginning of the 2Ist century. | Midwifery Womens Health.
2011;56(6):591-597.
7.Keene SD, Bland RD, Jain L. Lung fluid balance in developing lungs
and its role in neonatal transition. In: Oh W, Guinard J-P, Baumgart
S, eds. Nephrology and Fluid/Electrolyte Physiology: Neonatology
Questions and Controversies. 2nd ed. Philadelphia: Saunders Else-
vier; 2012.
8.Bland RD, Hansen TN, Haberkern CM, et al. Lung fluid balance in
lambs before and after birth. ] Appl Physiol. 1982;53(4):992-1004.
9.Nageotte MP, Gilstrap LC. Intrapartum fetal surveillance. In: Creasey
R, Resnik R, Iams JD, Moore TR, Lockwood CJ, eds. Creasy and
Resnik’s Maternal-Fetal Medicine: Principles and Practice. 6th ed.
Philadelphia: W. B. Saunders Elsevier; 2009.
10.American Academy of Pediatrics, American Heart Association. Text-
book of Neonatal Resuscitation. 6th ed. American Academy of Pedi-
atrics, American Heart Association; 2011.
11.Wert SE. Normal and abnormal structural development of the lung. In:
Polin RA, Fox WW, Abman SH, eds. Fetal and Neonatal Physiology.
4th ed. Philadelphia: Saunders; 2012.
12.Blackburn ST. Maternal, Fetal & Neonatal Physiology. 4th ed. Mary-
land Heights, MO: Elsevier Saunders; 2013.
13.Kattwinkel J, Perlman JM, Aziz K, et al. Part 15: Neonatal resusci-
tation: 2010 American Heart Association guidelines for cardiopul-
monary resuscitation and emergency cardiovascular care. Circula-
tion. 2010;122(18 Suppl 3):S909-S919.
14.Alvaro RE, Rigatto RH. Cardiorespiratory adjustments at birth. In:
MacDonald MG, Mullett MD, Seshia MMK, eds. Avery’s Neona-
tology: Pathophysiology ¢ Management of the Newborn. 6th ed.
Philadelphia: Lippincott Williams and Wilkins; 2005.
15.Yao AC, Moinian M, Lind J. Distribution of blood between infant and
placenta after birth. Lancet. 1969;2(7626):871-873.
16.Erickson-Owens DA. Placental Transfusion at Birth in Full-Term In-
fants. Original research presented at the 6th Annual Normal Labor and
Birth Conference, Grange-over-Sands, England; 2011.
17.Mercer JS, Erickson-Owens DA. Rethinking placental transfusion and
cord clamping issues. ] Perinat Neonatal Nurs. 2012;26(3):202-217;
quiz 18-19.
18.Power GG, Blood AB. Perinatal thermal physiology. In: Polin RA,
Fox WW, Abman SH, eds. Fetal and Neonatal Physiology. 4th ed.
Philadelphia: Saunders; 2012.
19.Guyton AC, Hall JE. Textbook of Medical Physiology. 12th ed.
Philadelphia: Saunders Elsevier; 2010.
20.Jansson T, Myatt L, Powell TL. The role of trophoblast nutrient and ion
transporters in the development of pregnancy complications and adult
disease. Curr Vasc Pharmacol. 2009;7(4):521-533.
21.Boyne MS, Thame M, Bennett FI, Osmond C, Miell JP, Forrester TE.
The relationship among circulating insulin-like growth factor (Igf)-I,
Igf-binding proteins-1 and -2, and birth anthropometry: a prospective
study. J Clin Endocrinol Metab. 2003;88(4):1687-1691.
22.Kahlan SC, Devaskar SU. Disorders of carbohydrate metabolism.
In: Martin R], Fanaroff AA, Walsh MC, eds. Fanaroff & Martin’s

669



Neonatal-Perinatal Medicine: Diseases of the Fetus and Infant. 9th
ed. St. Louis: Mosby; 2011.

23.Gustafsson J. Neonatal energy substrate production. Indian ] Med Res.
2009;130(5):618-623.

24.Section on B. Breastfeeding and the use of human milk. Pediatrics.
2012;129(3):e827-e841.

25.Guignard JP. Postnatal development of glomerular filtration rate in
infants. In: Polin RA, Fox WW, Abman SH, eds. Fetal and Neonatal
Physiology. 4th ed. Philadelphia: Saunders Elsevier; 2012.

26.Clark DA. Times of first void and first stool in 500 newborns. Pedi-
atrics. 1977;60(4):457-459.

27.Van Woudenberg CD, Wills CA, Rubarth LB. Newborn transition to
extrauterine life. Neonatal Netw. 2012;31(5):317-322.

28.Blackburn S. Brown adipose tissue. J Perinat Neonatal Nurs.
2011;25(3):222-223.

29.Downey CL, Bewley S. Historical perspectives on umbilical cord
clamping and neonatal transition. ] R Soc Med. 2012;105(8):325-
329.

30.Moore ER, Anderson GC, Bergman N, Dowswell T. Early skin-to-
skin contact for mothers and their healthy newborn infants. Cochrane
Database Syst Rev. 2012;5:CD003519.

31.Christensson K, Cabrera T, Christensson E, Uvnas-Moberg K,
Winberg J. Separation distress call in the human neonate in the ab-
sence of maternal body contact. Acta Paediatr. 1995;84(5):468-473.

32.Christensson K, Siles C, Moreno L, et al. Temperature, metabolic adap-
tation and crying in healthy full-term newborns cared for skin-to-skin
or in a cot. Acta Paediatr. 1992;81(6-7):488-493.

33.Villalon HU, Alvarez PC. Short term effects of early skin-to-skin con-
tanct (Kangaroo Care) on breastfeeding in healthy full-term infants.
Revista Chilena de Pediatrica. 1993;64(2):124-128.

34.Carfoot S, Williamson P, Dickson R. A randomised controlled trial
in the north of England examining the effects of skin-to-skin care on
breast feeding. Midwifery. 2005;21(1):71-79.

35.Marin Gabriel MA, Llana Martin I, Lopez Escobar A, Fernandez Vil-
lalba E, Romero Blanco I, Touza Pol P. Randomized controlled trial
of early skin-to-skin contact: effects on the mother and the newborn.
Acta Paediatr. 2010;99(11):1630-1634.

36.Widstrom AM, Lilja G, Aaltomaa-Michalias P, Dahllof A, Lintula M,
Nissen E. Newborn behaviour to locate the breast when skin-to-skin:
a possible method for enabling early self-regulation. Acta Paediatr.
2011;100(1):79-85.

670

37.Jain L, Eaton DC. Physiology of fetal lung fluid clearance and the effect
of labor. Semin Perinatol. 2006;30(1):34-43.

38.Jain L, Dudell GG. Respiratory transition in infants delivered by ce-
sarean section. Semin Perinatol. 2006;30(5):296-304.

39.Ramachandrappa A, Jain L. Elective cesarean section: its impact on
neonatal respiratory outcome. Clin Perinatol. 2008;35(2):373-393, vii.

40.Cordero L, Jr., Hon EH. Neonatal bradycardia following nasopharyn-
geal stimulation. J Pediatr. 1971;78(3):441-447.

41.Estol PC, Piriz H, Basalo S, Simini F, Grela C. Oro-naso-pharyngeal
suction at birth: effects on respiratory adaptation of normal term vagi-
nally born infants. J Perinat Med. 1992;20(4):297-305.

42.Carrasco M, Martell M, Estol PC. Oronasopharyngeal suction at birth:
effects on arterial oxygen saturation. J Pediatr. 1997;130(5):832-834.

43.Gungor S, Kurt E, Teksoz E, Goktolga U, Ceyhan T, Baser I. Orona-
sopharyngeal suction versus no suction in normal and term infants
delivered by elective cesarean section: a prospective randomized con-
trolled trial. Gynecol Obstet Invest. 2006;61(1):9-14.

44.Waltman PA, Brewer JM, Rogers BP, May WL. Building evidence for
practice: a pilot study of newborn bulb suctioning at birth. ] Midwifery
Womens Health. 2004;49(1):32-38.

45.Kiremitci S, Tuzun F, Yesilirmak DC, Kumral A, Duman N, Ozkan
H. Is gastric aspiration needed for newborn management in delivery
room? Resuscitation. 2011;82(1):40-44.

46.Perlman JM, Wyllie J, Kattwinkel J, et al. Part 11: Neonatal resuscita-
tion: 2010 international consensus on cardiopulmonary resuscitation
and emergency cardiovascular care science with treatment recommen-
dations. Circulation. 2010;122(16 Suppl 2):S516-S538.

47.American Heart Association. 2005 American Heart Association guide-
lines for cardiopulmonary resuscitation and emergency cardiovas-
cular care. Part 13: Neonatal Resuscitation guidelines. Circulation.
2005;112(24 Supp.):IV 188-IV 195.

48.Smith CA, Nelson NM. The Physiology of the Newborn Infant. 4th
ed. Springfield, IL: Charles C. Thomas; 1976.

Continuing education units (CEUs) for this article are of-
fered as part of a CEU theme issue. To obtain CEUs on-
line, please visit www.jmwhce.org. A CEU form that can
be mailed or faxed is available in the print edition of the
theme issue.

Volume 58, No. 6, November/December 2013



