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Abstract
Purpose of Review  In this manuscript, we will review core noncardiac medical management 
principles for the preterm infant with congenital heart disease (CHD). We describe common 
respiratory diseases of the newborn period, apnea of prematurity, the significance of ther-
moregulation, and management of hyperbilirubinemia. Taken together, these management 
considerations optimize neurodevelopment and growth of the infant with CHD while minimiz-
ing significant neonatal comorbidities.
Recent Findings  The comorbidities of prematurity affect both neonates with and without CHD. 
Respiratory distress syndrome can be a significant consequence of premature birth, and early 
surfactant administration is associated with decreased air leak, bronchopulmonary dysplasia 
(BPD), and mortality. If invasive mechanical ventilation is necessary, volume-targeted ventila-
tion is preferred in preterm neonates with associated shorter duration of mechanical ventila-
tion and decreased comorbidities. Recommendations for the management of hypoglycemia in 
infants exist, but are dependent on enteral feeding; thus, these recommendations may not 
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be applicable to the neonate with CHD who cannot tolerate enteral feeding. Hypothermia is a 
common problem in premature infants and can result in high tissue oxygen demand and con-
sumption with subsequent metabolic acidosis. Such effects can be exacerbated in the infant 
with CHD and may increase the risk for morbidities and mortality.
Summary  Though there have been many medical and surgical advancements in the care of 
preterm infants with CHD, the rates of morbidity and mortality remain high. Understanding 
key principles related to common complications of prematurity can be critical to improving 
long-term outcomes.

Introduction

Congenital heart disease (CHD) is the most common 
birth defect in the newborn population. Infants with 
CHD are at significantly increased risk for premature 
delivery [1]. In infants without CHD, neonatal mortal-
ity typically decreases with each week of increasing ges-
tational age; however, in premature infants with CHD, 
mortality remains high irrespective of gestational age 
[2]. Given the high burden of in-hospital mortality for 

preterm infants with CHD, it is important to under-
stand significant sequelae of prematurity on both the 
cardiac and noncardiac systems. Paying close atten-
tion to key management considerations of the preterm 
infant may decrease common morbidities and improve 
overall neonatal outcomes (Fig. 1).

Fig. 1   Intersections between the sequelae of prematurity and congenital heart disease.
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Respiratory distress syndrome of the newborn

Respiratory distress syndrome (RDS) is the most common pulmonary 
disease in the preterm neonatal period resulting in the need for assisted 
mechanical ventilation [3]. RDS occurs as a result of surfactant deficiency, 
which is either due to inadequate surfactant production or endogenous 
surfactant inactivation. Prematurity, lack of antenatal corticosteroids prior 
to preterm delivery, delivery without labor, and congenital surfactant defi-
ciency are all factors which can limit adequate surfactant production in 
alveolar sacs. Meanwhile, surfactant inactivation can be seen in infants with 
meconium aspiration or infants of diabetic mothers.

The incidence of RDS significantly increases with the degree of prema-
turity. It occurs in 98% of infants born between 22 and 24 weeks gestation, 
30% of infants between 28 and 34 weeks gestation, 10% of infants born at 
34 weeks gestation, and only 0.3% of infants born at 39 weeks gestation 
[4–6]. RDS is a clinical diagnosis that develops shortly after birth. Clas-
sic signs include tachypnea, increased work of breathing, and progressive 
hypoxemia, coupled with radiographic findings of lung hypoexpansion, 
diffuse ground glass opacities, and air bronchograms on chest X-ray.

Surfactant deficiency results in increased surface tension throughout 
the pulmonary alveoli, which results in alveolar collapse [7]. This places 
infants at risk for diffuse lung atelectasis, impaired gas exchange, and baro-
trauma with positive pressure ventilation. Many neonates can be success-
fully managed with non-invasive respiratory support, but some may benefit 
from intubation and exogenous surfactant administration to reduce hypox-
emia, pneumothorax, and severe respiratory failure that can result in death. 
Systematic reviews have demonstrated that early surfactant administration 
within the first 2 hours of life is associated with decreased air leak, bron-
chopulmonary dysplasia (BPD), and mortality [8••].

The lungs of preterm infants have poor compliance and low functional 
residual capacity (FRC) as a result of structural immaturity, innate sur-
factant deficiency, and a highly compliant chest wall [9]. To maintain 
FRC, optimize pulmonary gas exchange, and minimize the incidence of 
ventilator-associated lung injury, initiation of nasal continuous positive 
airway pressure (CPAP) is recommended immediately after birth. The goal 
of noninvasive positive pressure ventilation is to limit hypoxemia (in neo-
nates without cyanotic heart disease, goal SpO2 90–95% with an FiO2 
requirement < 50%), hypercarbia (goal PaCO2 45–65), work of breathing, 
and barotrauma (avoid high PEEP, for example no greater than 6–7 cm 
H2O in late preterm infants) [7, 10]. If this cannot be achieved with CPAP, 
then intubation and surfactant administration is recommended. Volume-
targeted ventilation is associated with shorter duration of mechanical ven-
tilation and decreased comorbidities in preterm infants and is the preferred 
mode of ventilation when possible [11••, 12]. Ventilator settings should 
target physiologic tidal volumes of 4–6 ml/kg titrated appropriately to 
avoid high peak inspiratory pressures (generally PIP > 25), a sufficient PEEP 
to maintain FRC and adequate oxygenation, respiratory rates 30–60 breaths 
per minute, and short inspiratory times of 0.3–0.35 s [10].
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RDS in a premature neonate with cyanotic heart disease or single ventricle 
physiology poses additional complexities in management. For example, in 
the premature neonate with single ventricle physiology, the ratio of pulmo-
nary and systemic blood flow (Qp:Qs) must be balanced. Estimates of shunt 
fraction are made via oximetry (arterial and mixed venous saturation, with 
the assumption of pulmonary vein saturation). However, in the premature 
neonate with RDS who presents with pulmonary vein desaturation due to 
poor pulmonary gas exchange, accurate estimation of shunt fraction via oxi-
metry cannot be achieved without an invasive measure of pulmonary vein 
saturation. Moreover, in the premature single ventricle neonate with RDS, 
pulmonary vein desaturation will contribute to significant systemic hypox-
emia due to the mixing of atrial blood.

Apnea of prematurity

Apnea of prematurity (AOP) commonly occurs in preterm infants, and its 
incidence is inversely correlated with gestational age and birth weight. Nearly 
all infants with birth weight < 1000 g and gestational age < 28 weeks experi-
ence AOP. Rates drop to 85% at 30 weeks gestation and to 20% at 34 weeks 
gestation [13]. Apnea is defined as a pause in breathing for > 20 seconds or 
a pause of > 10 seconds that is associated with bradycardia (heart rate < 100 
beats per minute) and oxygen desaturation events [14]. AOP is a limited dis-
ease process which resolves over time as the preterm infant matures. In most 
cases, resolution occurs by 36 weeks postmenstrual age [15].

Apnea can be categorized as central, obstructive, or mixed. Central apnea 
involves a cessation of breathing due to insufficient respiratory drive in the 
central nervous system (CNS). It can result from developmental immaturity, 
CNS injury including intracranial hemorrhage and hypoxic-ischemic enceph-
alopathy, seizures, medication use (magnesium sulfate, opiates, benzodiaz-
epines, and barbiturates), and hypoxia triggering respiratory depression [16]. 
Obstructive apnea occurs as a result of airway obstruction, generally from 
immature pharyngeal tissue, hypotonic airways, nasal occlusion or laryngo-
spasms. Mixed apnea results from a combination of central and obstructive 
processes and comprises the majority of apneic episodes in preterm infants 
[13].

If left untreated, AOP can have significant long-term impacts on neu-
rodevelopment, retinopathy of prematurity (ROP), BPD, and infant mor-
tality. This is thought to be related to the cumulative effects of chronic, 
intermittent hypoxia that occurs over time as a result of desaturation events 
secondary to apnea [14]. While many studies have demonstrated a signal 
for worse neurodevelopmental outcomes with prolonged hypoxemia and 
apnea, a causative link remains unclear since prematurity and other associ-
ated comorbidities also contribute significantly to neurodevelopmental out-
comes. Though preterm infants are at increased risk for sudden infant death 
syndrome (SIDS), AOP does not increase the risk of SIDS in early infancy. 
This is because AOP generally resolves before the postmenstrual age that SIDS 
occurs. The average age of SIDS in preterm and term infants is 47 weeks and 
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53 weeks postmenstrual age, respectively, and AOP usually resolves before 
term-corrected gestational age [13].

Methylxanthines are the pharmacologic mainstay of therapy for AOP. Caf-
feine is specifically the methylxanthine of choice because of its more potent 
central nervous system effects, wide therapeutic index, low risk for toxic-
ity, and longer half-life [17]. Caffeine stimulates the medullary respiratory 
centers, increases sensitivity to carbon dioxide, and enhances diaphragmatic 
function. Cumulatively, its effects increase minute ventilation and reduce 
hypoxic respiratory depression, limiting the occurrence of apnea [18]. There 
is currently no standardized consensus on dosing or duration for caffeine 
therapy. Initial studies on caffeine use in preterm infants for AOP were per-
formed with a loading dose of 20 mg/kg and maintenance doses of 5 mg/kg/
day [19•]. Subsequent studies confirmed that higher maintenance doses of 
10 mg/kg/day were safe to use for prolonged periods of time [20]. As such, a 
single 20 mg/kg loading dose followed by maintenance doses of 5–10 mg/kg/
day is now widely accepted as common practice. If infants continue to experi-
ence apneic episodes on lower doses of daily maintenance therapy, providers 
may give a mini loading dose of 10 mg/kg caffeine followed by uptitration of 
the maintenance dose. Since the incidence of AOP is low after 34 weeks with 
general resolution by 36 weeks, caffeine therapy is generally discontinued 
within this time frame [21]. Providers should monitor infants closely for 
apneic episodes and ensure infants are event-free after discontinuation of 
therapy. Given the long half-life of caffeine, infants are typically monitored 
for 5–8 days after caffeine cessation to ensure the drug is completely metabo-
lized and cleared. If apnea persists after 36 weeks gestation, alternate causes 
of apnea should be explored.

Caffeine not only reduces the occurrence of apnea, but has been shown 
to decrease the incidence of BPD in the preterm population and the length 
of time on ventilatory support [22]. The importance of this finding cannot 
be emphasized enough as currently, there are no other treatments known to 
decrease rates of BPD among neonates.

AOP can be complicated and/or exacerbated by the use of alprostadil infu-
sions in premature neonates with CHD that are ductal dependent for either 
systemic or pulmonary blood flow. Alprostadil is known to cause apnea (but 
with decreased incidence in lower doses) such that neonates with ductal-
dependent lesions may often require mechanical ventilation for apnea. [23, 
24] The alprostadil-associated apnea may be difficult to differentiate from 
AOP. Nevertheless, it is important to acknowledge that the incidence of 
AOP is low beyond 34 weeks and, therefore, apnea in a neonate greater than 
34 weeks with ductal-dependent CHD is more likely the result of alprostadil, 
rather than AOP.

Hypoglycemia

Hypoglycemia is a common metabolic derangement that occurs in the neo-
natal period. All infants—from healthy term infants to sick preterm infants—
experience a drop blood glucose concentrations after birth as a part of normal 
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physiologic transition from the intrauterine to extrauterine environment [25]. 
In utero, the fetus receives a steady supply of glucose from the placenta. 
After birth, the umbilical cord is clamped, and the infant no longer receives 
a continuous exogenous supply of glucose. This results in a transient and 
often asymptomatic period of hypoglycemia for most infants during the first 
24–48 hours of life [26•]. The physiologic nadir is generally observed around 
2–3 h after birth with serum glucose levels declining as low as 20–30 mg/
dL [27, 28]. This triggers the release of key regulatory hormones that are 
responsible for gluconeogenesis such as catecholamines, glucagon, and corti-
costeroids [29]. This helps regulate and maintain euglycemia in the neonate.

A subset of infants are at risk for prolonged hypoglycemia, which is gener-
ally defined as hypoglycemia that persists past 72 h of age. Neonatal hypo-
glycemia is most commonly seen in infants who are small for gestational age 
(SGA) or who have intrauterine growth restriction (IGUR), infants of diabetic 
mothers (IDM), infants who are large for gestational age (LGA), premature 
infants, and infants with perinatal stress [28]. SGA and IUGR infants have 
decreased glycogen stores and less adipose tissue for glucose storage, decreas-
ing their ability to produce endogenous glucose via gluconeogenesis after 
birth [25]. IDM are exposed to prolonged hyperglycemia in utero as glucose 
crosses the placenta. This results in increased insulin production which per-
sists after birth, resulting in an overall hyperinsulinemic state [30]. As insu-
lin lowers blood glucose levels, hyperinsulinism results in hypoglycemia. 
Prematurity predisposes neonates to develop hypoglycemia due to limited 
glycogen and fat stores, poor gluconeogenesis pathways, increased metabolic 
demands and peripheral glucose utilization, and immature counter-regula-
tory responses to hypoglycemia [29]. Infants who experience perinatal stress 
include those with fetal distress prior to birth, perinatal ischemia/hypoxia, 
maternal preeclampsia/eclampsia, sepsis, and hypothermia. Due increased 
metabolic demand after birth and a dysregulated insulin secretion pattern in 
response to perinatal stress (known as hypoglycemic hyperinsulinism), these 
infants experience prolonged neonatal hypoglycemia [25].

Despite its prevalence, there is little consensus on the definition of hypo-
glycemia in the neonate. The American Academy of Pediatrics (AAP) has 
arbitrarily defined hypoglycemia as a blood glucose value of less than 47 mg/
dL (2.61 mmol/L) based on limited evidence regarding neurodevelopmental 
outcomes [26•, 28, 29, 31, 32]. Infants with risk factors for neonatal hypogly-
cemia should be screened in the first 1–2 h after birth with serial subsequent 
monitoring for the first 12–24 h of life, or until the hypoglycemia resolves. All 
infants with clinical symptoms of hypoglycemia should be screened, treated, 
and monitored closely. The most common signs include tremors, jitteriness, 
weak or high-pitched cry, tachypnea, apnea, cyanosis, seizures, lethargy, and 
hypotonia [28].

In asymptomatic infants at risk for hypoglycemia, the initial management 
is feeding initiation with maternal breast milk, donor breast milk or formula, 
depending on parental preference [33]. If normoglycemia is not attained or 
feeds cannot be initiated, then IV glucose should be administered with the 
goal of maintaining plasma glucose levels 40–50 mg/dL per the AAP [26•]. 
The Pediatric Endocrine Society recommends blood glucose levels of > 50 mg/
dL in first 48 h and > 60 mg/dL thereafter [34]. IV glucose can be administered 
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in a concentrated bolus or via a continuous infusion. Some studies have 
shown that dextrose boluses can worsen hypoglycemia by triggering a state 
of transient hyperinsulinism, thus favoring the use of continuous IV glucose 
infusions in treatment [35]. Providers should target an initial glucose infusion 
rate (GIR) of 6–8 mg/kg/min in preterm, low birth weight and SGA/IUGR 
infants, and a GIR of 4–6 mg/kg/min in term and IDM infants [29]. Figure 2 
below provides a framework for screening and management of infants most 
at risk for neonatal hypoglycemia.

The association between hypoglycemia and poor neurodevelopmental 
outcomes is well documented which is why recognition and treatment of 
hypoglycemia is critical. Infants who present with seizures secondary to hypo-
glycemia are at risk for severe neurodevelopmental abnormalities, coma, or 
even death [26•]. Newborns with congenital hyperinsulinism or other genetic 
hypoglycemic disorders are at risk for permanent brain injury, especially if 
they experience prolonged hypoglycemia [31]. With regards to infants who 
experience transient hypoglycemia after birth, some studies have shown 
decreased academic achievement in childhood [36], and others have shown 

Fig. 2   Screening and management of hypoglycemia in premature infants.
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increased risk of low executive function and visual-motor impairment [37], 
but these long-term outcomes have not been validated in more recent stud-
ies [38, 39]. Thus, further studies are needed to determine the relationship 
between transient neonatal hypoglycemia and impaired neurodevelopment.

The management of hypoglycemia in premature neonates with CHD may 
pose additional difficulties if either (1) the patient is unable to tolerate enteral 
feedings or (2) there is concern for systemic tissue oxygen delivery and intes-
tinal blood flow related to restricted systemic blood flow. The AAP guidelines 
for the management of hypoglycemia focus primarily on oral feeding; how-
ever, the complexities of infants with critical CHD may require an emphasis 
on intravenous glucose supplementation or prolonged enteral tube feeding 
via a nasogastric or transpyloric tube.

Hypothermia

Per the World Health Organization, the normal core temperature for neonates 
should be 36.5–37.5 °C. Therefore, hypothermia is defined as a body tem-
perature below 36.5 °C [40]. Preterm infants are at high risk for hypothermia 
due to a large surface area-to-weight ratio, evaporative heat loss with skin 
immaturity, low intrinsic fat stores, and immature hypothalamic function 
resulting in abnormal thermoregulation [5]. Hypothermia is a common com-
plication among preterm infants, and multiple studies have demonstrated a 
prevalence of more than 50% during initial hospitalization [41, 42].

Hypothermia is a significant cause of morbidity and mortality among 
premature infants. There is a clear dose–response relationship between the 
degree of hypothermia and the risk of mortality [40]. Risk factors for hypo-
thermia in the neonate include maternal hypertension, maternal hypother-
mia, chorioamnionitis, prolonged rupture of membranes, low 5-min APGAR 
score, low birth weight, prematurity, respiratory distress syndrome, perinatal 
hypoxia, and need for resuscitation at birth [43, 44]. Given the numerous 
risk factors, high prevalence, and high mortality associated with hypothermia, 
thermoprotective strategies have been implemented in the initial resuscita-
tion of the preterm infant per the Neonatal Resuscitation Program (NRP) to 
minimize the occurrence of hypothermia. This includes wrapping the infant 
in a plastic bag without drying, use of a thermal mattress and radiant warmer, 
increasing delivery room temperature, and immediate placement of a hat for 
all infants less than 32 weeks gestation [45, 46].

Medical comorbidities associated with hypothermia are significant. Hypo-
thermia delays the normal transition from fetal to neonatal circulation and 
triggers a hypermetabolic state that breaks down brown fat stores to create 
heat and maintain body temperature. This results in high oxygen tissue and 
nutrient consumption, metabolic acidosis, hypoglycemia, and additional 
fluid and electrolyte imbalances that can lead to multiorgan dysfunction and 
even death [47, 48••]. Hypothermia is also associated with a series of adverse 
clinical outcomes including sepsis, coagulopathy, hypotension and shock, 
and intraventricular hemorrhage (IVH) [49, 50]. Hypothermia can often be 
the initial presenting symptom of severe illness in the neonate—specifically 
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infections including pneumonia, meningitis, and sepsis. Thorough exami-
nation and workup are absolutely critical if new hypothermia develops, or 
infants are not able to maintain their core temperature despite adequate 
growth and development.

Hyperbilirubinemia

Neonatal hyperbilirubinemia is very common and occurs in approximately 
80% of all newborn infants. Hyperbilirubinemia is more likely to occur with 
increasing degree of prematurity. For example, late preterm infants are two 
times more likely than term infants to develop hyperbilirubinemia requiring 
treatment and are likely to have more prolonged bilirubin level elevations 
with higher peak concentrations [51]. Hyperbilirubinemia clinically presents 
with jaundice which refers to a yellowish discoloration of the skin, sclera, and 
mucous membranes.

When assessing an infant with hyperbilirubinemia, it is important to dis-
tinguish whether the jaundice is physiologic or pathologic. This distinction is 
key to guiding the urgency of treatment and further workup. Jaundice should 
be considered pathological if any of the following criteria are met [52]:

•	 Elevated total serum bilirubin (TsB) in the first 24 h of life
•	 TsB is greater than 95%ile based on age-specific bilirubin normograms
•	 Rate of rise in TsB by more than 5 mg/dL/day or more than 0.2 mg/dL/h
•	 Jaundice persists past 2 weeks in full term infants
•	 Conjugated hyperbilirubinemia is present (direct bilirubin level > 1.0 mg/dL if TsB is ≤ 5.0 mg/dL OR direct 

bilirubin level > 20% of TsB)

Causes of unconjugated pathologic hyperbilirubinemia include immune-
mediated hemolytic disease due to ABO or Rh incompatibility or non-
immune-mediated hemolysis from RBC membrane or enzyme defects. Signif-
icant hemorrhage at birth (subgaleal hemorrhage or intracranial hemorrhage) 
or trauma at birth (cephalohematoma or extensive bruising) can also result 
in significant hyperbilirubinemia. In rare cases, genetic syndromes, such as 
Crigler-Najjar and Gilbert syndrome, that cause enzymatic defects impairing 
bilirubin clearance will result in pathologic unconjugated hyperbilirubine-
mia [53]. Conjugated hyperbilirubinemia is always a reflection of cholestatic 
disease and signals impaired hepatobiliary function in the neonate [54].

Physiologic jaundice accounts for nearly 75% of neonatal hyperbilirubine-
mia cases and is extremely common. Unconjugated bilirubin levels generally 
peak by 48–96 h of age with resolution of hyperbilirubinemia by 2 weeks of 
life [53]. The etiology for physiologic jaundice is multifactorial, and its occur-
rence is transient and limited to the neonatal period. Neonates have larger 
red blood cell (RBC) mass and shorter RBC life spans. Bilirubin is produced 
from the breakdown of fetal hemoglobin after birth, contributing to hyper-
bilirubinemia. The clearance of bilirubin is also immature after birth due 
to delayed maturation of the liver enzyme needed to conjugate bilirubin to 
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make it water-soluble for excretion. Infants also have increased enterohepatic 
circulation which allows bilirubin to be reabsorbed from the small intestine 
instead of being excreted [55]. Among premature infants or sick term infants 
who have delayed enteral feeding, the process of increased enterohepatic cir-
culation is worsened and results in more prolonged hyperbilirubinemia. This 
is important for providers to understand so they can properly identify which 
infants warrant more frequent screening and potential need for phototherapy.

Screening infants for hyperbilirubinemia is important due to the damag-
ing effects of unconjugated bilirubin on the central nervous system. Unconju-
gated bilirubin is not bound to albumin in the serum and can freely cross the 
blood brain barrier. It can then deposit in multiple structures of the brain and 
cause bilirubin-induced neurological dysfunction (BIND) which can lead to 
bilirubin encephalopathy or kernicterus [5, 56]. Phototherapy and exchange 
transfusions—the mainstays of therapy for unconjugated hyperbilirubine-
mia—both facilitate the removal of unconjugated bilirubin from the serum, 
thus decreasing the risk for BIND. Phototherapy has been shown to routinely 
decrease TsB levels that would result in escalation of care and reduce the 
need for exchange transfusions [52, 57]. The thresholds for phototherapy 
recommended by the AAP are far below the levels at which there is a risk for 
bilirubin neurotoxicity, making it a safe and effective form of treatment for 
a common neonatal disease.

The evaluation and management of hyperbilirubinemia applies to all 
neonates, including those with CHD. However, specific attention should be 
directed at the evaluation of hyperbilirubinemia in the CHD patient who is not 
planned for immediate post-natal neonatal surgery. In neonates who proceed 
to congenital heart surgery in the first week of life, the need for phototherapy 
may be obviated by the use of cardiopulmonary bypass which, in effect, results 
in total exchange transfusion via the blood priming, red blood cell recovery 
methods, and ultrafiltration performed during cardiopulmonary bypass.

Conclusions

Prematurity adds significant complexity and risk for noncardiac complica-
tions in neonates with CHD. Management of respiratory diseases, apnea of 
prematurity, thermoregulation, and hyperbilirubinemia are specialized in 
premature infants, further adding complexity. It is important to understand 
how these problems are managed, as standard, in premature neonates but, 
also, important to understand how these management issues are affected by 
CHD (Fig. 1). Understanding these key therapeutic principles may be criti-
cal in improving the long-term outcomes of premature neonates with CHD.
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