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 A
lthough jaundice is present in most
newborns and is usually benign, it

  is imperative to carefully monitor
       newborns to identify those at risk

of developing bilirubin-induced neurologic
dysfunction. Acute bilirubin encephalopathy
is caused by the toxic effects of unconjugated
bilirubin on the central nervous system.
Symptoms include lethargy, high-pitched
cry, and poor feeding in a jaundiced infant. If
acute bilirubin encephalopathy is untreated,
it may progress rapidly to advanced manifes-
tations, such as opisthotonus and seizures.1

Kernicterus is the chronic, permanent clini-
cal sequelae of bilirubin toxicity; it is char-
acterized by severe athetoid cerebral palsy,
paralysis of upward gaze, hearing loss, and
intellectual impairment,2 and it is prevent-
able. The approach to preventing this condi-
tion has changed over time.

Throughout the 1950s, exchange transfu-
sion was the primary treatment for hyperbil-
irubinemia.3 It was not until the late 1960s
that phototherapy became widespread in the
United States.4 In the 1980s and 1990s, there

was a resurgence of kernicterus in the United
States and abroad, which has been attributed
in part to early hospital discharge, the influ-
ence of managed care, and an increase in the
number of breastfed infants, with a propor-
tional increase in breastfeeding inadequacy
in the first week of life.5

The American Academy of Pediatrics
(AAP) developed an evidence-based clinical
practice guideline for use by all health care
professionals who care for newborns in hos-
pital and outpatient settings.2 The primary
goal of the guideline, as well as this article,
is to increase awareness and educate health
care professionals to reduce the incidence
of severe hyperbilirubinemia and to prevent
bilirubin encephalopathy.

Bilirubin Metabolism
Bilirubin is produced by the catabolism of
hemoglobin. Compared with older children
and adults, newborns have a high rate of
hemoglobin catabolism and bilirubin pro-
duction because of their elevated hematocrit
and red blood cell volume per body weight,

Kernicterus and neurologic sequelae caused by severe neonatal hyper-
bilirubinemia are preventable conditions. A structured and practical 
approach to the identification and care of infants with jaundice can 
facilitate prevention, thus decreasing rates of morbidity and mortal-
ity. Primary prevention includes ensuring adequate feeding, with 
breastfed infants having eight to 12 feedings per 24 hours. Secondary 
prevention is achieved by vigilant monitoring of neonatal jaundice, 
identifying infants at risk of severe hyperbilirubinemia, and ensuring 
timely outpatient follow-up within 24 to 72 hours of discharge. Total 
serum bilirubin or transcutaneous bilirubin levels should be routinely 
monitored in all newborns, and these measurements must be plotted 
on a nomogram according to the infant’s age in hours. The resultant 
low-, intermediate-, or high-risk zones, in addition to the infant’s risk 
factors, can guide timing of postdischarge follow-up. Another nomo-
gram that consists of age in hours, risk factors, and total bilirubin lev-
els can provide guidance on when to initiate phototherapy. If the infant 
requires phototherapy or if the bilirubin level is increasing rapidly, 
further work-up is indicated. (Am Fam Physician. 2008;77(9):1255-
1262. Copyright © 2008 American Academy of Family Physicians.) IL
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and their shorter life span of red blood cells (70 to
90 days). Although bilirubin production is elevated in
newborns, conjugation and clearance of bilirubin can
be slow. Immaturity of hepatic glucuronosyltransferase
and inadequate milk intake can cause delayed clearance
of bilirubin.

Within the reticuloendothelial system, heme is broken
down into biliverdin and carbon monoxide. Biliverdin
is reduced to bilirubin by biliverdin reductase. At this
initial stage, bilirubin is lipid soluble and unconjugated
(indirect-reacting). Unconjugated bilirubin binds to
albumin. If the albumin-binding sites are saturated, or
if unconjugated bilirubin is displaced from the bind-
ing sites by medications (e.g., sulfisoxazole [Gantrisin],
streptomycin, vitamin K), free bilirubin can cross the
blood-brain barrier. Free, unconjugated bilirubin is toxic
to the central nervous system.

When unconjugated bilirubin reaches the liver, it is con-
jugated by glucuronosyltransferase to bilirubin digluc-
uronide (conjugated or direct-reacting), which is water
soluble and easily excreted by the liver and biliary tract.
In the intestine, some bilirubin may be converted back to
its unconjugated form by a glucuronidase and reabsorbed
by the intestine. Breast milk increases bilirubin reabsorp-
tion through this enterohepatic absorption.6

Primary Prevention: Preventing Jaundice
Physicians should promote and support breastfeeding,
advising eight to 12 feedings per day for the first sev-
eral days of life.7,8 Formula-fed, full-term infants should
consume 150 kcal per kg per day, which is equivalent to
approximately 1 to 2 oz every two to three hours in the
first week of life. Routine supplementation with water
or dextrose water is not recommended in breastfeeding
infants because it will not prevent hyperbilirubinemia or
decrease total serum bilirubin levels.9

Secondary Prevention:
Assessing At-Risk Infants
The key to secondary prevention is vigilance
on the part of the health care team. All hospi-
talized newborns should be routinely moni-
tored by nursing staff and physicians for
the development of jaundice every eight to
12 hours, including at the time that vital
signs are taken.2 Measurement and inter-
pretation of the predischarge bilirubin level
can help determine the timing of outpatient
follow-up evaluations. Although jaundice in
newborns can usually be detected by blanch-
ing the skin with digital pressure and is usu-
ally initially visible in the face with caudal

progression, visual estimation of bilirubin levels is largely
inaccurate and unreliable.10 Transcutaneous bilirubin
(TcB) measurement, which is noninvasive, is equivalent
to total serum bilirubin (TSB) measurement.11-16 Table 12

addresses the primary and secondary prevention of neo-
natal hyperbilirubinemia, and Figure 12 provides an algo-
rithm for the management of jaundice in the newborn.

INTERPRETING BILIRUBIN LEVELS

Bilirubin levels should be interpreted based on the infant’s
age in hours.2 Figure 2 shows a nomogram for plotting
TSB and TcB levels according to the infant’s age in hours,

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References

Physicians should encourage optimal 
breastfeeding (eight to 12 feedings per day) to 
decrease the incidence of hyperbilirubinemia.

C 2

Physicians should liberally screen all infants for 
jaundice and risk factors.

C 2

Bilirubin levels should be interpreted according 
to the infant’s age in hours.

C 2, 17-19

TcB measurement is as accurate as TSB 
measurement.

C 2

TcB = transcutaneous bilirubin; TSB = total serum bilirubin.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-
quality patient-oriented evidence; C = consensus, disease-oriented evidence, usual 
practice, expert opinion, or case series. For information about the SORT evidence 
rating system, see page 1205 or http://www.aafp.org/afpsort.xml.

Table 1. Recommendations for Prevention
of Neonatal Hyperbilirubinemia

Promote and support breastfeeding

Establish nursery protocols for identifying and evaluating 
hyperbilirubinemia

Measure bilirubin levels in all infants with jaundice in the first 
24 hours after delivery

Recognize that visual estimation of bilirubin levels is inaccurate

Interpret all bilirubin levels according to the infant’s age in hours

Identify preterm (i.e., less than 37 weeks), breastfed infants and 
provide close monitoring

Perform a thorough risk assessment for all infants

Provide parents with written and verbal information about 
newborn jaundice

Provide appropriate follow-up

Treat newborns, when indicated, with phototherapy or 
exchange transfusion

Adapted with permission from American Academy of Pediatrics 
Subcommittee on Hyperbilirubinemia. Management of hyperbiliru-
binemia in the newborn infant 35 or more weeks of gestation [pub-
lished correction appears in Pediatrics. 2004;114(4):1138]. Pediatrics. 
2004;114(1):298.
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with resultant low-, intermediate-, and high-risk zones.2

If the TSB or TcB level falls in the low-risk zone, the phy-
sician can conclude that the infant is likely at a very low
risk for developing severe hyperbilirubinemia. If the level
falls in the high-risk zone, the risk for severe hyperbiliru-
binemia is high, thus even more vigilance and closer fol-
low-up of the infant is warranted.2 These zones can help
dictate the need for and timing of subsequent bilirubin
measurements and timing of post-discharge follow-up.

Determining intervention based on age in days is inac-
curate and can lead to serious oversights. For example,

Baby A has a TSB level of 10 mg per dL (171 μmol per L)
at 25 hours of age (high-risk). Baby B has the same TSB
level at 47 hours of age (low-intermediate risk). Although
both infants are one day old, Baby A is at higher risk of
severe hyperbilirubinemia than Baby B and should have
a repeat TSB measurement in six to 12 hours. Baby B can
be reevaluated safely in 48 hours.

DISCHARGE RISK ASSESSMENT AND FOLLOW-UP

In addition to using the time-based nomogram, the
physician must be aware of the risk factors most often

C

Figure 1.
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associated with the development of severe hyperbili-
rubinemia, as listed in Table 2.2 An infant who was
delivered at less than 38 weeks’ gestation and who is
breastfeeding exclusively is at higher risk of developing
severe hyperbilirubinemia than a formula-fed infant
who was delivered at 40 weeks’ gestation.2 The combi-
nation of risk factor awareness, a screening predischarge
TcB or TSB level plotted on a nomogram, and clinical
judgment can guide the physician in determining the
timing of discharge and follow-up evaluations.

Newborns should be examined within 24 to 72 hours of
hospital discharge to assess for jaundice and general well-
being.2 An infant should be seen by the age of 72 hours
if discharged before 24 hours; by the age of 96 hours if
discharged between 24 and 47.9 hours; and by the age of
120 hours if discharged between 48 and 72 hours.2 Earlier
follow-up (within 24 to 48 hours) should be instituted
for infants with more risk factors for severe hyperbili-
rubinemia, shorter hospital stays, or predischarge bili-
rubin levels in the high-intermediate or high-risk zones.

Table 2. Risk Factors for Development of Severe Hyperbilirubinemia in Infants Delivered
at 35 Weeks’ Gestation or Later

Major risk factors

Predischarge TcB or TSB level in high-risk range

Jaundice in first 24 hours after delivery

ABO incompatibility and positive Coombs’ test

G6PD deficiency

Delivery at 35 to 36 weeks’ gestation

Sibling received phototherapy

Cephalohematoma or significant bruising

Exclusively breastfeeding, especially if not well established

East Asian race

G6PD = glucose-6-phosphate dehydrogenase; TcB = transcutaneous bilirubin; TSB = total serum bilirubin.

Adapted with permission from American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. Management of hyperbilirubinemia in the 
newborn infant 35 or more weeks of gestation [published correction appears in Pediatrics. 2004;114(4):1138]. Pediatrics. 2004;114(1):301.

Minor risk factors

Predischarge TcB or TSB level in high-intermediate–risk range

Delivery at 37 to 38 weeks’ gestation

Jaundice before hospital discharge

Sibling had jaundice

Macrosomia; mother has diabetes

Mother older than 25 years

Male sex

Figure 2.
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For example, Baby C is a breastfed infant delivered at 36
weeks’ gestation who has a predischarge bilirubin level in
the low-intermediate range. Therefore, he has two major
risk factors for severe hyperbilirubinemia and should be
seen in the primary care office within 24 hours of hos-
pital discharge. Baby D, who has the same predischarge
bilirubin level as Baby C, is a formula-fed infant deliv-
ered at 39 weeks’ gestation. Therefore, Baby D has no risk
factors and can be seen 48 hours after discharge.

Outpatient evaluation should include follow-up on
weight, intake, voiding, and stooling. A TSB or TcB level
should be obtained in the outpatient setting if jaundice
is increasing or if the clinical assessment is unclear as
to the severity of jaundice. Because visual estimation of
jaundice is often inaccurate, liberal testing of TcB and
TSB levels is a safer approach.2

HOSPITAL PROTOCOLS

All newborn nurseries need to establish a protocol for
identifying and evaluating hyperbilirubinemia. Some
institutions with such a protocol report a reduced pro-
portion of neonates with hyperbilirubinemia, its compli-
cations, and subsequent hospitalizations.17,18 One study
showed that the combined use of the AAP nomogram
and a predischarge risk-factor assessment has a stronger
predictive value than the nomogram alone, especially in
infants with elevated TSB levels.19

Protocols should specify circumstances in which
nurses can obtain bilirubin measurements. Some hos-
pitals perform universal screening with TcB or TSB
measurement on every newborn. If universal screen-
ing is not performed, bilirubin measurement should be
performed on every newborn with jaundice in the first

24 hours after birth, when jaundice appears
excessive for age, and when the degree of
jaundice is unclear.2

Routine discharge counseling should
include an explanation of monitoring for
jaundice; this should ideally be provided in
verbal and written formats. Printer-friendly
patient information handouts about infant
jaundice are available in English and Span-
ish at http://familydoctor.org/756.xml.

Evaluation of Elevated Bilirubin Levels
The differential diagnosis of neonatal hyper-
bilirubinemia is broad. Table 36 lists the
most common causes; however, the point at
which intervention is recommended is based
on percentiles for the infant’s age in hours,
regardless of the cause. Laboratory evalua-
tion may vary based on certain indications
in the infant (Table 42).

A healthy, full-term (i.e., completion of
36 weeks’ gestation) infant with a mildly
elevated bilirubin level does not require any
laboratory studies beyond TSB measure-
ment. An infant with physical examination
findings that explain the level of jaundice
(e.g., large hematoma) does not require fur-
ther work-up, although the infant may require
ongoing monitoring. Other laboratory stud-
ies should be considered if the infant requires
phototherapy (Figure 32) or if the TSB level is
increasing rapidly. ABO incompatibility and
glucose-6-phosphate dehydrogenase (G6PD)
deficiency are the most common causes of
hemolytic anemia. If these conditions are

Table 3. Differential Diagnosis of Neonatal
Hyperbilirubinemia

Hyperbilirubinemia 
type Hemolysis present Hemolysis absent

Unconjugated Common

Blood group 
incompatibility: ABO, 
Rh factor, minor 
antigens

Infection

Rare

Hemoglobinopathies: 
thalassemia 

Red blood cell enzyme 
defects: G6PD, 
pyruvate kinase

Red blood cell membrane 
disorders: spherocytosis, 
ovalocytosis

Common

Breast milk jaundice

Infant of mother with 
diabetes

Internal hemorrhage

Physiologic jaundice

Polycythemia

Rare

Hypothyroidism

Immune 
thrombocytopenia 

Mutations of glucuronyl 
transferase (i.e., Crigler-
Najjar syndrome, Gilbert 
syndrome)

Pyloric stenosis

Conjugated Common

Cytomegalovirus infection, hyperalimentation 
cholestasis, neonatal hepatitis, sepsis, TORCH 
infection, urinary tract infection

Rare

Biliary atresia, cystic fibrosis, hepatic infarction, inborn 
errors of metabolism (e.g., galactosemia, tyrosinosis)

G6PD = glucose-6-phosphate dehydrogenase; TORCH = toxoplasmosis, other viruses, 
rubella, cytomegaloviruses, herpes (simplex) viruses.

Adapted with permission from Gowen CW Jr. Anemia and hyperbilirubinemia. In: 
Kliegman R. Nelson Essentials of Pediatrics. 5th ed. Philadelphia, Pa.: Elsevier Saun-
ders; 2006:318.
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present, phototherapy and exchange transfusion may be
considered at lower TSB levels because these conditions
can cause predictably severe hyperbilirubinemia. A com-
plete blood count should be done to evaluate for anemia
resulting from hemolysis.

Blood type and Coombs’ testing should be performed
in all infants who are receiving phototherapy or whose
bilirubin level is increasing rapidly.2 In infants with iso-
immune hemolysis (ABO incompatibility), the Coombs’
test will be positive because the infant’s red blood cells
are coated with maternal antibodies. These cells will be
hemolyzed, putting the infant at risk for severe hyper-
bilirubinemia. Although most tests have poor sensitiv-
ity and specificity for hemolysis, it is possible to measure
the rate of heme catabolism and bilirubin production
by measuring the end-tidal carbon monoxide level (cor-
rected for ambient levels) because carbon monoxide is a
byproduct of heme catabolism. Elevated end-tidal car-
bon monoxide levels may prompt the physician to sus-
pect ongoing hemolysis and to be prepared for rapidly
increasing bilirubin levels.2

Screening for G6PD deficiency should be considered
in infants with severe jaundice who are from high-risk
populations, such as persons of African, Mediterranean,
Middle Eastern, or Southeast Asian descent.2 G6PD
deficiency occurs in 11 to 13 percent of African Ameri-
cans, and G6PD was the cause of kernicterus in 26 out of
125 patients (21 percent), according to the kernicterus reg-
istry.20 G6PD testing is part of the newborn screening pro-
grams in Pennsylvania and the District of Columbia.21

A direct bilirubin level should be obtained for ill-
appearing infants with jaundice or those with jaundice
after three weeks of age. Levels of more than 20 percent of
the TSB level are considered elevated. Because an elevated
direct bilirubin level can be an early sign of a urinary tract
infection, a culture should be obtained for urinalysis.2,22

A sepsis evaluation should be considered in ill-appearing
infants. Elevated direct bilirubin levels can also indicate
cholestasis, especially in infants who have jaundice after
three weeks of age. Screening for hypothyroidism and
galactosemia and evaluation for cholestasis is indicated if
the infant has prolonged jaundice with no known cause.2

Treatment of Hyperbilirubinemia
For infants with mild jaundice (i.e., when
the bilirubin level is not approaching the
threshold for phototherapy), increasing the
frequency of feedings is indicated. Breast-
fed infants should continue breastfeeding,
whether or not they require phototherapy.
Interruption of breastfeeding and substitu-
tion of formula can reduce bilirubin levels, but
optimal breastfeeding (eight to 12 times per
day) increases removal of bilirubin through
the gastrointestinal tract and ensures contin-
ued breastfeeding. Infants with inadequate
oral intake, excessive weight loss (more than
12 percent of birth weight), or dehydration
should receive supplemental breast milk or
formula; supplementation with water or dex-
trose water is not recommended. Intravenous
fluids should be given if feeding is unsuccess-
ful and the infant is dehydrated.2

The physician should consider TSB mea-
surements, the infant’s age in hours, and the
presence of risk factors to determine when
to initiate phototherapy (Figure 32) and
exchange transfusion (Figure 42). Home pho-
totherapy can be considered for infants at risk
of reaching the threshold for intensive pho-
totherapy.2 Intensive phototherapy should
be initiated when the TSB level exceeds the

Table 4. Laboratory Evaluation of Neonatal
Hyperbilirubinemia

Indication Assessments

Jaundice in the first 24 hours TSB or TcB level

Jaundice excessive for infant’s age TSB or TcB level

Receiving phototherapy or TSB 
level increasing rapidly

Blood type and Coombs’ test

CBC and peripheral blood smear

Conjugated bilirubin level

Consider reticulocyte count; G6PD and 
end-tide carbon monoxide (corrected) 
levels

Repeat TSB measurement in four to 
24 hours

TSB level approaching exchange 
transfusion threshold or not 
responding to phototherapy

Reticulocyte count; G6PD, albumin, and 
end-tide carbon monoxide (corrected) 
levels

Elevated conjugated bilirubin level Urine culture, urinalysis

Consider sepsis evaluation

Prolonged jaundice (more than 
3 weeks) or sick infant

TSB and conjugated bilirubin levels

Check results of newborn thyroid and 
galactosemia screen

CBC = complete blood count; G6PD = glucose-6-phosphate dehydrogenase; TcB = 
transcutaneous bilirubin; TSB = total serum bilirubin.

Adapted with permission from American Academy of Pediatrics Subcommit-
tee on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn 
infant 35 or more weeks of gestation [published correction appears in Pediatrics. 
2004;114(4):1138]. Pediatrics. 2004;114(1):300.
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threshold in the AAP phototherapy nomogram, based
on age and risk factors. Every hospital that cares for
newborns should be able to provide intensive photother-
apy (i.e., irradiance in the blue-green spectrum [430 to
490 nm] of at least 30 μW per cm2 per nm, delivered to as
much of the infant’s surface area as possible). Frequency

of TSB monitoring during intensive phototherapy is
determined by previous measurements (Table 52).

Exchange transfusion is recommended when the TSB
level exceeds the threshold in the AAP exchange trans-
fusion nomogram (Figure 42), based on age and risk
factors, or if the TSB level is greater than 25 mg per dL

Figure 3.

Figure 4.
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(428 μmol per L). The infant should be transferred to a
neonatal intensive care unit for immediate intensive pho-
totherapy and consideration of exchange transfusion.
Exchange transfusion should be performed immediately
in any infant with jaundice and signs of acute bilirubin
encephalopathy. Initial symptoms include poor feeding,
hypotonia, and lethargy. Worsening bilirubin encepha-
lopathy is characterized by irritability and hypertonia, at
times alternating with lethargy. Symptoms of severe bili-
rubin encephalopathy include hypertonia, arching, ret-
rocollis, opisthotonos, fever, and high-pitched cry. Only
trained personnel in a neonatal intensive care unit should
perform exchange transfusion. Administration of intra-
venous gamma globulin is an alternative in infants with
isoimmune hemolytic disease (dose: 0.5 to 1 g per kg over
two hours, may repeat after 12 hours, if necessary).2
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Table 5. TSB Monitoring During Intensive
Phototherapy

TSB level (mg per dL 
[μmol per L]) Repeat TSB 

≥ 25 (428) 2 to 3 hours

20 (342) to 25 3 to 4 hours

14 (239) to less than 20 4 to 5 hours

Continues to decrease 8 to 12 hours

Less than 14 Discontinue phototherapy; consider 
rebound TSB level 24 hours after 
discontinuation

TSB = total serum bilirubin.

Information from reference 2.


