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The birth process marks the transition from fetal to pediatric anesthesia. It’s an 
exciting moment—we now have a tiny, living creature that needs our help to 
survive. It scares the bejesus out of every other anesthesiologist, but not us. This 
is what we live for. 
 
 
Let’s face it, there’s nothing that more widely separates a pediatric anesthesiologist from a 
general anesthesiologist than an understanding of and comfort with a neonate. You general 
anesthesiologists can boast all you want about how good you are at putting an IV in a two 
year-old, but I’d bet a Philly cheesesteak that you’d page the on-call peds gal in a heart-beat 
when that 1,600 g kid with NEC comes rolling through the OR door. But don’t worry; we’re 
here to get you started. Before you learn anything else, you need to understand how that 
newborn transitioned into life. That’s why we begin this journey by describing fetal 
cardiopulmonary physiology and the physiologic changes that occur during birth. 
Knowledge of these changes is important for understanding the pathophysiologic 
conditions that occur in neonates when these normal changes don’t take place. 

First, for clarity and consistency across the pediatric anesthesia literature, and to make 
sure we’re on the same page, there are a few universal definitions that you need to know: 

• A neonate is a child in the first 28 days (or one month) of life, regardless of gestational 
age. 

• An infant is a child from one month to 12 months of life. 

• The gestational age is the number of weeks between conception and birth; the normal 
term gestational age is between 38 and 42 weeks of pregnancy. Sometimes, newborn 
infants are classified by their weight relative to their gestational age. For example, 
appropriate for gestational age (AGA) describes an infant with a birth weight between 
the 10th and 90th percentiles, small for gestational age (SGA) describes an infant with a 
birth weight below the 10th percentile, and large for gestational age (LGA) describes an 



infant with a birth weight above the 90th percentile. 

• Intrauterine growth restriction (or retardation) (IUGR) is an abnormal pattern of 
restricted fetal growth for gestational age. It’s mainly an obstetrical term that is used to 
describe a pattern of growth over a period of time in utero, whereas SGA is a term used by 
pediatricians to describe the infant at or shortly after birth. 

How’s that so far? Do you need a review quiz yet? If your maximum work hours aren’t in 
peril, let’s keep going… 

Lung growth and development 

During gestation, the fetal lungs grow and develop but are not responsible for oxygenation 
and ventilation. Most of us rely on the lungs to provide oxygenation and ventilation, but in 
fetal life it’s the responsibility of the placenta. The intrauterine environment allows the 
lungs to develop the alveoli and the bronchial tree. The fetal lungs are filled with fluid, and 
transition to their role as the organ of gas exchange occurs shortly before, during, and after 
the birth process. 

Fetal lung development is divided into four stages of progressive lower airway and alveolar 
growth. During the first stage, primitive lung tissue is developed and vascular connections 
are made. Then, the bronchial tree begins to form lumens, and at 16 to 26 weeks alveoli 
begin to form. It is also during this period of gestation in which blood and lymphatic vessels 
begin to develop in parallel to the bronchial tree. Surfactant production begins. Finally, 
during the last stage, known as the saccular stage, the fetal lung finalizes the physiologic 
processes that will allow it to undergo respiration in the extrauterine environment. This 
includes maturation of the alveolar vascular interface and development of a full 
complement of surfactant, which will reduce surface tension within the alveoli and prevent 
their collapse following transition to the outside world. (When your kids forget about the 
outside world, show them this.) During gestation, the fetal airways and alveoli become 
distended by secreted lung fluid, which becomes a component of the amniotic fluid and 
allows proper development of the lungs. 

As the peripheral chemoreceptors and the respiratory center of the brain mature, the fetus 
develops stronger and more regular breathing patterns throughout development. After the 30th 
week of gestation, the fetus is seen to “practice” breathing at about 60 times per minute, 
approximately 40% of the time. There are conflicting reports as to the number of years into 
childhood that it takes for the alveoli to finish growing. In the past it was thought that alveolar 
growth terminated somewhere between three and eight years, but more recent data indicate 
that it could be even later into childhood. 
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Development of the Circulatory System 

The primary difference between the fetal and adult circulatory systems is that the fetal 
circulation consists of two parallel circulations (right and left) whereas the adult system 
exists in series. In addition, fetal circulation is characterized by the presence of several 
right-to-left shunts that result from the high pulmonary vascular resistance of the fetal 
lungs and the low vascular resistance of the placenta. The main purpose of having a fetal 
circulation is to distribute oxygen, glucose, and other nutrients from the placenta (which 
receives about 40% of mom’s cardiac output) to the developing brain and vital organs. 

Let’s describe the pattern of fetal circulation by starting with blood returning to the 
placenta. Deoxygenated blood from the fetus travels to the placenta via the two umbilical 
arteries that are encased by the umbilical cord. In the placenta the fetal blood picks up 
oxygen and releases carbon dioxide, and then is returned to the fetus via the single 
umbilical vein (also contained in the umbilical cord). With a PO2 that may reach as high as 
55 mmHg, fetal blood is at its highest oxygen level in the umbilical vein. This may seem low 
compared with the developed human, but there are several reasons why the fetus is able to 
successfully maintain adequate tissue oxygenation. First, fetal hemoglobin (Hgb F) has a 
higher affinity for oxygen than maternal hemoglobin, which facilitates movement of oxygen 
from the maternal to the fetal blood via diffusion. This increased affinity of Hgb F for 
oxygen causes a leftward shift of the oxyhemoglobin dissociation curve. Release of oxygen 
from Hgb F to fetal tissues is facilitated by the relatively higher temperature and lower pH 
of the fetus, both of which shift the oxyhemoglobin dissociation curve to the right. Second, a 
relatively low PO2 is better suited to the metabolic needs of the fetus, which has relatively 
lower oxygen consumption. Third, evolutionary forces (sorry, Kansans) have designed the 
fetal circulation so that blood flow with a relatively higher degree of oxygen saturation 
preferentially perfuses vital organs such as the liver, heart, and brain. 

Getting back to the circulatory path, oxygenated blood is carried through the umbilical vein 
to the liver, where approximately half of the blood flow joins the hepatic circulation to 
supply oxygen and nutrients to the hepatic tissue, while the other half, intent on reaching 
the heart, bypasses the liver through the ductus venosus, a structure present only in fetal 
life. The ductus venosus carries the oxygenated blood into the inferior vena cava (IVC). 
Here, the oxygen rich blood mixes with poorly oxygenated blood returning from the fetal 
lower extremities and the newly acquainted circulations travel together in a platonic 
fashion to the right atrium, where the most incredible thing happens. (When this becomes a 
television show, a station break will be inserted here, but you will be allowed to read on.) 

Inside the fetal right atrium, as if there existed train tracks with directional switches, 
oxygenated blood from the IVC is preferentially directed across the foramen ovale and into 
the left atrium, while deoxygenated blood returning from the head via the superior vena 
cava (SVC) is preferentially directed to the tricuspid valve into the right ventricle. This 
circulation pattern allows preferential perfusion of oxygen rich blood to vital organs. 

The deoxygenated blood that enters the right ventricle is ejected into the pulmonary 
artery; but since pulmonary vascular resistance is high, only a small portion (about 10%) 



actually gets into the pulmonary arterial system. Most (90%) is directed through the 
ductus arteriosus, a connection between the pulmonary artery and the aorta, where it 
joins aortic blood flow returning to the placenta via the umbilical arteries. The ductus 
arteriosus usually enters the aorta just proximal to the origin of the left subclavian artery. 

The oxygenated blood that has crossed into the left atrium passes through the mitral valve 
into the left ventricle, and is ejected out from the ascending aorta where it provides oxygen 
and glucose to the developing brain via the carotid arteries. The PO2 is now about 27 
mmHg, but provides sufficient oxygen for fetal organ growth. 

Cardiopulmonary Changes at Birth 

The birth process entails several complicated physiologic transitions to an extrauterine 
existence that all seem to occur at once. Alveolar and bronchial fluid must be expunged, the 
lungs must expand, and the circulatory conduits that serve as right-to-left shunts must 
quickly close. When these occur, the lung officially becomes the organ of respiration and 
the cardiovascular system converts from two parallel circulations to two circulations in 
series. If any of these fail to occur, hypoxemia may result from a residual right-to-left shunt. 

Several mechanisms facilitate the clearance of alveolar fluid from the fetal lungs. During 
labor, a state of physiological stress that is induced in the fetus causes the lung epithelium 
to convert from one that secretes liquid into the air spaces to one that actively reabsorbs 
salt and fluid. This change is further enhanced when the lung epithelium is exposed to 
oxygen following delivery. During the newborn’s first breaths, air is drawn into the lungs 
due to a large negative inspiratory force, and lung fluid is absorbed or expelled. 
Intrathoracic pressures are estimated to reach up to (down to?) −60 cmH2O during 
inhalation and up to approximately +70 cmH2O during exhalation. This large fluctuation in 
intrathoracic pressure helps to force fluid from the air space into the interstitium and then 
ultimately back into the intravascular space. The pressure required for lung expansion 
becomes increasingly less negative over several breaths. These initial breaths establish the 
residual volume (RV) and functional residual capacity (FRC) of the newborn’s lungs. 
Pressure exerted on the chest from contractions during delivery is thought to play only a 
minor role in this transition.  

Also important in this transition is the shift in vascular resistance that occurs when the 
umbilical cord is clamped as the newborn takes its first breaths. Clamping the umbilical 
cord causes a dramatic increase in systemic vascular resistance (SVR). At the same time, as 
the lungs expand, negative intrathoracic pressure is established, pulmonary blood PO2 
increases, and fetal acidosis is corrected; these changes cause pulmonary vascular 
resistance (PVR) to decrease. As pulmonary blood flow is established, arterial blood gas 
values normalize within the first 24 hours of life.  

The combined increase in SVR and decrease in PVR cause resistance to blood flow through 
the ductus arteriosus. Increasing left atrial pressure causes the “flap-valve” foramen ovale 
(which connects the right and left atria) to close, thus establishing for the first time a 
circulation in series. The umbilical arteries form a portion of the internal iliac and superior 



vesical arteries, and the ductus venosus (previously supplied by the umbilical vein) will 
atrophy and form a remnant known as the ligamentum venosum. 

Over the first several hours of life, the ductus arteriosus functionally closes as a result of 
constriction of specialized contractile tissue within its arterial wall. This constriction is 
caused by a number of factors, including withdrawal from placenta-derived prostaglandin 
E2, an increase in arterial oxygen tension, and an increase in blood pH. Over several weeks 
the ductus arteriosus becomes anatomically closed; its remnant is called the ligamentum 
arteriosum. 

Persistent Pulmonary Hypertension of the Newborn 

Although the majority of neonates undergo this transition to extrauterine life successfully, 
approximately 10% will have difficulty and will require some level of neonatal 
resuscitation. Several factors are associated with an increased risk of requiring assistance. 
These include maternal conditions (e.g., advanced maternal age, maternal substance 
abuse), fetal conditions (e.g., prematurity, congenital anomalies), and delivery 
complications (e.g., breech presentation, peripartum infection). Any of these could result in 
hypoxia, hypercarbia, and/or acidosis, all of which predispose to the newborn’s inability to 
transition out of fetal circulation. 

A particularly hazardous outcome from this transition failure is the development of 
persistent pulmonary hypertension of the newborn (PPHN). In the past, PPHN was referred 
to as “persistent fetal circulation” (PFC). This disorder leads to persistence of pulmonary 
vasoconstriction, which causes pulmonary hypertension. PPHN primarily occurs in term or 
late preterm infants over the age of 34 gestational weeks and its prevalence is estimated to 
occur in approximately 2 per 1,000 live births. 

Because of the abnormally high PVR, the fetal pattern of circulation continues: blood flows 
through a patent ductus arteriosus (PDA) or foramen ovale in a right-to-left direction and 
hypoxemia worsens, thus creating a vicious cycle that can be overcome only by aggressive 
therapy for the underlying disorder as well as reversal of hypoxemia, hypercarbia, and 
acidosis. The management of PPHN focuses on supportive measures, including the use of 
100% oxygen, with the goal of decreasing PVR as compared to SVR. Other more aggressive 
treatment measures include the use of inhaled nitric oxide (iNO) and extracorporeal 
membrane oxygenation (ECMO). 

 


