
Emerg Med Clin N Am

25 (2007) 1117–1135
An Emergency Medicine Approach
to Neonatal Hyperbilirubinemia

James E. Colletti, MD, FAAEM, FAAPa,*,
Samip Kothori, MDb, Danielle M. Jackson, MDc,
Kevin P. Kilgore, MDc, Kelly Barringer, MDc

aDepartment of Emergency Medicine, Mayo Clinic College of Medicine,

200 First St. SW, Rochester, MN 55905, USA
bDepartment of Pediatrics, University of Arizona,

150 N. Campbell Avenue, Tucson, AZ 85724, USA
cDepartment of Emergency Medicine, Regions Hospital, 640 Jackson Street,

Mail Stop 11102F, St. Paul, MN 55101, USA

Jaundice, also known as hyperbilirubinemia, is a yellowish-greenish
pigmentation of the sclera and skin caused by an increase in bilirubin pro-
duction or a defect in bilirubin elimination. Jaundice is defined by a serum
bilirubin concentration greater than 5 mg/dL. Neonatal jaundice is esti-
mated to occur in the majority of term infants (60%) in the first week of
life, and approximately 2% of infants reach total serum bilirubin (TSB)
levels in excess of 20 mg/dL [1–4]. The TSB normally rises during the first
3 to 5 days of life and then begins to decline [3]. As such, it is important
that bilirubin levels are interpreted based on the neonate’s age in hours [5].

The feared complication of neonatal jaundice is bilirubin encephalopa-
thy, the result of prolonged unconjugated hyperbilirubinemia. Acute biliru-
bin encephalopathy can eventually develop into chronic bilirubin
encephalopathy (kernicterus). Kernicterus has been called the ultimate ad-
verse manifestation of severe hyperbilirubinemia [6] and was rarely seen in
the decades following the introduction of phototherapy and exchange trans-
fusion; however, recent reports suggest it is reemerging [6]. A concerning
number of cases have been reported in healthy term and near-term neonates
[7]. Since 1990, the Pilot Kernicterus Registry has identified kernicterus in
greater than 120 near-term and term infants who had been discharged as
healthy from the hospital [7–10]. In 2001, the Joint Commission on Accred-
itation of Health Care Organizations issued a sentinel event alert notifying
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health care providers and hospitals that kernicterus is a threat to otherwise
healthy newborns. The reemergence of kernicterus has been attributed in
part to earlier hospital discharge, before the natural peak of bilirubin in
the neonate, as well as a result of relaxation of treatment criteria [4,9,11,12].

Newborns are often discharged from the hospital within 48 hours of
birth; as a result, hyperbilirubinemia is not as often detected before dis-
charge as it had been previously [13]. The practice of early newborn
discharge has transformed neonatal hyperbilirubinemia from an inpatient
issue to an outpatient one [14,15]. Currently, hyperbilirubinemia is one of
the most common reasons for readmission of a newborn [16,17]. As such,
emergency physicians should be comfortable with the diagnosis, evaluation,
and management of the jaundiced newborn [2,18]. Vales eloquently stated in
a commentary that, in an ideal world, ‘‘the issue of dangerous hyperbiliru-
binemia should have been solved before embarking in a drastic cut on the
in-hospital observation’’ of newborns [19].

Epidemiology

Hyperbilirubinemia is one of the most common reasons for the presenta-
tion of neonates to the emergency department and one of the major causes
for hospital readmission. Overall, jaundice is observed in the first week of
life in 60% of term infants and 80% of preterm infants [1,20]. In a case-
control review, Maisels and Kring [17] concluded that hyperbilirubinemia
is the major reason for hospital readmission in the first 2 weeks of life (in-
cidence of 4.2 cases per 1000 discharges). Although the percentage of jaun-
diced newborns is higher among preterm newborns, the majority of data on
the assessment, evaluation, and management of jaundice have been collected
on term newborns with birth weights of 2500 g or greater.

Pathophysiology

Bilirubin is produced from the breakdown of hemoglobin (Fig. 1). Hemo-
globin is degraded by heme oxygenase, resulting in the release of iron and
the formation of carbon monoxide and biliverdin. Biliverdin is then
converted to bilirubin by biliverdin reductase.

Unconjugated bilirubin (also known as indirect bilirubin) is initially only
soluble in lipids, not water, and is subsequently bound by albumin in the
blood stream. Any substance competing for binding sites, such as organic
acids or drugs, can increase the levels of free bilirubin. In this unconjugated
state, bilirubin is difficult to excrete (because it is lipid soluble), and it can
easily pass into the central nervous system where it is neurotoxic and can
produce kernicterus [11]. Unconjugated bilirubin is taken up by the liver,
where it is conjugated by uridine diphosphate glucuronosyltransferase
(UDPGT) to a conjugated form.
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Fig. 1. The pathophysiology of neonatal hyperbilirubinemia.
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Conjugated bilirubin (direct bilirubin) is water soluble, non-toxic, and
unable to cross the blood-brain barrier. It also binds to albumin and can
compete with unconjugated bilirubin for binding sites. It is excretable into
the biliary or intestinal tract. Once conjugated bilirubin enters the intestinal
tract, it is either excreted in stool or deconjugated by bacteria, where it may
reenter the circulation (enterohepatic circulation). Total bilirubin is bound
to protein (mainly albumin) in the blood and is a combination of unconju-
gated and conjugated bilirubin.

There are three main causes of hyperbilirubinemia in the neonate, which
generally manifests as elevated levels of unconjugated bilirubin: (1) an
increase in hemolysis, (2) a delay in maturation or inhibition of conjugating
mechanisms in the liver, and (3) interference with hepatic uptake of uncon-
jugated bilirubin. Neonates are especially prone to hyperbilirubinemia
secondary to increased hemoglobin from high red blood cell volume,
shortened red blood cell survival (and therefore increased breakdown),
and relative immaturity of UDPGT in the liver.

Clinical presentation

The emergency physician should be familiar with historical clues that put
the neonate at increased risk for severe hyperbilirubinemia. Risk factors to
consider are jaundice in the first 24 hours, visible jaundice before hospital
discharge, fetal-maternal blood type incompatibility (ABO incompatibility
as well as Rh incompatibility), prematurity, exclusive breastfeeding as well
as significant weight loss associated with breastfeeding, maternal age greater
than or equal to 25 years, male sex, delayed meconium passage, and exces-
sive birth trauma such as bruising or cephalohematomas [6,21,22]. The par-
ents should be asked specifically about poor feeding, urine output (including
dark urine), stooling (delayed passage of meconium or light-colored stool),
vomiting, or any changes in behavior (lethargy, changes in cry pattern, cries
becoming more shrill, arching of the body) [18].

Pertinent family history includes ethnicity, as well as siblings with hyperbi-
lirubinemia, anemia, liver disease, or splenectomy. Ethnicity is a factor in de-
termining the likelihood of hyperbilirubinemia. Individuals of East Asian
descent, certain tribes of Native Americans such as the Navajo, and those of
Greek ancestry have a higher incidence of hyperbilirubinemia [3,15,23]. It is
important to inquire about siblings with jaundice, because there is a 12.5 times
greater risk for severe jaundice in newborns who have one or more siblings af-
fected with severe neonatal hyperbilirubinemia when compared with new-
borns who have prior siblings without severe neonatal hyperbilirubinemia
[24].

Physical assessment begins with the clinical appearance of the infant.
Jaundice is assessed through blanching the skin with digital pressure, reveal-
ing the underlying color of the skin and subcutaneous tissue. The clinical
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assessment of jaundice is best undertaken in a well-lit room to maximize the
ability to determine true skin color [21]. Jaundice in term and preterm in-
fants follows a cephalocaudal progression [25]. Visual estimation of the
severity of jaundice is unpredictably and imprecisely related to the actual
serum bilirubin level, especially in infants with dark skin pigmentation
and once the jaundice has extended to the lower legs and feet [5,9,26–28].
Moyer and colleagues [28] evaluated 122 healthy infants who underwent
examination by two observers followed by measurements of serum bilirubin.
The investigation concluded that visual estimation of infantile jaundice was
not reliable, and that prediction of serum bilirubin concentration by clinical
examination is not accurate [28]. After assessing the skin, it is important to
look for other signs indicative of pathologic jaundice, such as pallor, pete-
chiae, hydration, and weight status. Signs of blood loss or blood sequestra-
tion such as excessive bruising, hepatosplenomegaly, or cephalohematoma
should be sought out as well [22].

A review of the birth history should be performed. First, it is important
to establish whether the child was large for gestational age (LGA), within
normal range, or small for gestational age (SGA). Infants that are SGA
have associated complications such as hypoglycemia, polycythemia, and ab-
normal neurologic symptoms. Although hyperbilirubinemia is not directly
linked to SGA infants, polycythemia can lead to an increased bilirubin level
secondary to increased red cell destruction [29,30]. Infants that are LGA
have an increased incidence of birth trauma due to their size. Excessive
bruising and cephalohematomas can be acquired from birth trauma. One
study determined that over a 10-year period, 2.5% of all breech births
had an associated cephalohematoma [31]. Forceps and vacuum extraction
deliveries can also cause bruising and cephalohematomas to occur [30].
Other injuries such as clavicle fractures and brachial plexus injuries are
also associated with hyperbilirubinemia. Clavicle fractures are often second-
ary to shoulder dystocia. These injuries are linked to hyperbilirubinemia sec-
ondary to the extravasation of blood from the associated trauma [32].
Information regarding medications administered to the mother before and
during delivery should be obtained, because certain medications, such as
oxytocin, can result in an increased incidence of hyperbilirubinemia [30,33].

On initial inspection of a jaundiced neonate, the clinician should have an
increased index of suspicion for underlying disease entities. Among these en-
tities are sepsis and galactosemia. A diagnosis of sepsis should be considered
in the infant presenting with apnea or temperature instability. Galactosemia
presents as feeding intolerance manifested by persistent vomiting, an
enlarged liver, seizures, and lethargy [34].

Differential diagnosis

There are two different classifications of jaundice to considerd
physiologic and pathologic. Physiologic jaundice is the transient elevation
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of serum bilirubin during the first week of life. Pathologic jaundice occurs in
the first 24 hours of life and is often associated with anemia or hepatosple-
nomegaly. Furthermore, pathologic jaundice can be characterized by a rap-
idly rising serum bilirubin (O5 mg/dL per day), prolonged jaundice (O7 to
10 days in a full-term infant), and an elevated conjugated bilirubin concen-
tration (O2 mg/dL or more than 20% of TSB).

Two main categories of hyperbilirubinemia are unconjugated or conju-
gated, also known, respectively, as indirect or direct. One may further
breakdown the etiology of unconjugated hyperbilirubinemia into an in-
creased bilirubin load, decreased bilirubin excretion, or bilirubin increase
due to breastfeeding. One of the major causes of increased bilirubin load
is blood group incompatibility.

ABO blood group incompatibility is the leading cause of hemolytic dis-
ease of the newborn. One of the primary clinical features of ABO blood
group incompatibility is hyperbilirubinemia. Approximately one third of in-
fants with ABO incompatibility have a positive direct antiglobulin test
(DAT or Coombs’ test), indicating that they have anti-A or anti-B anti-
bodies attached to their red cells [35]. Of this third, 20% will have a peak
TSB of greater than 12.8 mg/dL [35]. Although ABO-incompatible, DAT-
positive infants are more likely to develop moderate hyperbilirubinemia,
severe jaundice is uncommon [35]. Overall, ABO hemolytic disease is a com-
mon cause of early hyperbilirubinemia before the infant leaves the nursery;
it is a rare cause of hyperbilirubinemia in infants who are discharged and
return for evaluation [35]. A mechanism similar to that of ABO incompat-
ibility exists for Rh incompatibility. Of note, 15% of all births are a set-up
for ABO incompatibility, but only 0.33% to 2.2% of all neonates will have
some manifestation of the disease [36,37]. Several other minor blood group
types, such as Kell and Duffy, can also cause hemolytic disease.

Enzyme deficiencies in the glycolysis pathway, such as glucose-6-phos-
phate dehydrogenase (G6PD) deficiency and pyruvate kinase deficiency,
also increase the indirect bilirubin load. G6PD deficiency mainly affects
the red blood cells and can cause acute hemolysis. Many infants, although
not all, with this disease present with hyperbilirubinemia. The exact mecha-
nism as to how G6PD deficiency causes hyperbilirubinemia is unknown;
however, the leading explanation is a decrease in bilirubin elimination
[38]. G6PD deficiency affects between 200 and 400 million people worldwide
and is the leading cause of hyperbilirubinemia in certain population sub-
types such as African Americans, those of Mediterranean descent, and
some Far East populations [39,40]. Multiple studies have shown that infants
who are affected by hyperbilirubinemia and who have G6PD deficiency have
the same clinical course and clinical indicators as infants with hyperbilirubi-
nemia who do not have G6PD deficiency; therefore, it is prudent to include
G6PD deficiency in the differential diagnosis if there is a family history of
G6PD deficiency or if the patient fits into an at-risk demographic group
[39,41].
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Pyruvate kinase deficiency is the second leading cause of red blood cell
enzyme deficiency in North America and overall is an uncommon cause
of hyperbilirubinemia. The clinician should have a higher index of suspicion
for pyruvate kinase deficiency as a cause of hyperbilirubinemia in popula-
tions in which pyruvate kinase deficiency is more common, such as neonates
of Indian descent [42,43]. An investigation by Kedar and colleagues deter-
mined the prevalence of pyruvate kinase deficiency in jaundiced neonates
in India to be 3.21% [43].

Abnormalities in the red blood cell membrane, such as hereditary spher-
ocytosis and elliptocytosis/ovalocytosis, may also result in an increase in
indirect bilirubin levels. In hereditary spherocytosis, there is a defect in
the red cell membrane causing an increase in red cell breakdown and abnor-
mal red blood cells. Fifty percent of individuals with hereditary spherocyto-
sis state they had significant jaundice as newborns. Trucco and Brown [44]
suggest that the clinical findings of hereditary spherocytosis can include
early onset of jaundice or a marked increase in bilirubin beyond what is ex-
pected with physiologic jaundice. An osmotic fragility test is considered to
be the gold standard to confirm a diagnosis of hereditary spherocytosis
[45,46]. Elliptocytosis/ovalocytosis is an autosomal dominant disease affect-
ing predominantly Southeast Asian and Mediterranean populations. Several
case studies have reported that it results in an elevation of indirect bilirubin
[47,48].

It is important to exclude hemolytic disease as the cause of increased
indirect bilirubin levels. The diseases discussed previously can cause hemo-
lysis, and it is important to identify factors that will help diagnosis hemolytic
disease early. A family history of significant hemolytic disease, a high-risk
ethnic background, early or severe jaundice, or the development of jaundice
in the newborn before 24 hours of life suggest the possibility of hemolytic
disease in the newborn. In addition, a bilirubin level in a neonate that
does not respond to phototherapy may indicate that breakdown is ongoing
from an underlying disease process that requires further evaluation. A rapid
rate of rise in the bilirubin level should cause concern for hemolytic disease
[1,13].

Increased indirect bilirubin can also be caused by decreased bilirubin ex-
cretion. One of the main causes of decreased bilirubin excretion is that ne-
onates have a decrease in bowel motility which results in an increase in
the enterohepatic circulation, in turn, leading to increased indirect bilirubin
[22,49]. One of the more life-threatening causes of hyperbilirubinemia by im-
paired bilirubin excretion is Crigler-Najjar syndrome. There are two types,
both of which are due to defects in bilirubin-UDP-glucuronosyltransferase
(B-UGT). Type I is characterized by an absence of enzyme activity and is
the more severe type which can lead to kernicterus and death by the age
of 1 to 2 years of age without treatment. Type II has some enzyme activity
and is therefore less fatal. Without B-UGT, unconjugated bilirubin accumu-
lates in the body. Once the threshold of albumin and other tissue



1124 COLLETTI et al
phospholipids is reached, the brain becomes stained and kernicterus de-
velops. The disease is rare and inherited in an autosomal recessive fashion.
The clinical presentation includes elevated bilirubin levels and symptoms of
kernicterus despite phototherapy treatment [50,51]. Congenital hypothy-
roidism is another disease that can cause hyperbilirubinemia through de-
creased bilirubin excretion. It presents with prolonged jaundice, lethargy,
constipation, poor feeding, hypotonia, and enlarged fontanelles. It is ex-
tremely important to follow-up on thyroid levels in the newborn genetic
screening of neonates who have hyperbilirubinemia with concerns of hypo-
thyroidism [52].

Increased indirect bilirubin levels can also result from breastfeeding.
When compared with formula feeding, breastfeeding has been associated
with neonatal jaundice that is more severe and longer in duration [53,54].
This type of hyperbilirubinemia can present in two ways. The first is a de-
layed course in which the bilirubin level rises on the fourth to seventh day
of life after physiologic jaundice is resolving. The bilirubin then peaks at
about 2 weeks of life (to a level of 15–25 mg/dL) and stays in this range
for another 2 weeks before a decrease is observed [55]. The second type
has also been described as an exaggerated physiologic jaundice. It occurs
earlier than the first type, typically on the third or fourth day of life, with
bilirubin levels above 10 mg/dL [54]. The exact mechanism of action is un-
known. There is evidence to suggest that caloric deprivation results in hyper-
bilirubinemia. Because it may take anywhere from 2 to 5 days for the
production of breast milk, a breastfed infant may experience a calorie defi-
ciency [56]. Furthermore, it has been shown that human breast milk has
a substance within it that inhibits hepatic B-UGT, which, in turn, leads to
hyperbilirubinemia [57,58]. It is recommended by the American Academy
of Pediatrics that, even with this risk, it is still better to breastfeed than to
switch to formula when breastfeeding jaundice is suspected [1]. Human
milk jaundice syndrome, also know as breastfeeding-associated jaundice,
should be distinguished from breastfeeding jaundice. Human milk jaundice
appears later than breastfeeding jaundice, typically on the fourth to seventh
day of life, and is more prolonged than breastfeeding jaundice [35].

Important clues to the etiology of jaundice are the time of onset and the
duration [59,60]. Jaundice in the first 24 hours may be secondary to blood
type incompatibilities such as ABO and Rh. Sepsis should also be consid-
ered, because several investigations have described as association between
proven bacterial infection and neonatal jaundice [60–66]. Arthur and
Williams [62], Seeler [65], and Littlewood [64] demonstrated an association
between hyperbilirubinemia and urinary tract infections in neonates. A few
investigations have concluded that jaundice as the only symptom of sepsis is
rare, especially in a well-appearing neonates [67–69].

Jaundice appearing during the second to third day of life is most likely
physiologic and will dissipate by the fifth or sixth day. If the newborn is
breastfed, he or she may develop breastfeeding jaundice that can be present
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for 2 weeks. The clinician should consider a pathologic etiology of jaundice
if it persists for longer than 2 weeks. A prospective investigation by Maisels
and Kring [69] demonstrated that most newborns admitted for indirect
hyperbilirubinemia are healthy breastfed infants. Newborns who warrant
careful screening are those presenting with late-onset jaundice, direct hyper-
bilirubinemia, or signs of sepsis.

Conjugated hyperbilirubinemia is concerning because, although it is non-
toxic, it is a marker for serious underlying disease. Etiologies of conjugated
hyperbilirubinemia are summarized in Table 1. Associated findings of con-
jugated hyperbilirubinemia are pale acholic stools, dark urine, or the pres-
ence of bilirubin in the urine [1].

Emergency department evaluation

Evaluation should be guided by the clinical appearance of the neonate
and the timing of jaundice. A full-term, well-appearing, asymptomatic in-
fant is at low risk of complications, especially in the absence of danger signs
(Box 1) and when presenting within a time frame that is consistent with
physiologic jaundice [70]. To aid in the assessment of the jaundiced neonate,
several laboratory investigations may be obtained, including TSB, a direct
Coombs’ test, blood group testing, hemoglobin, urinalysis, as well as
a full sepsis work-up (white blood cell count, cerebral spinal fluid for anal-
ysis and culture, and blood and urine cultures).

A serum bilirubin and hemoglobin measurement should be routinely or-
dered for the jaundiced infant. Inaccuracy between the physician’s clinical
estimation and actual serum bilirubin levels is well documented, as is poor
interrater reliability; therefore, physical examination alone should not be re-
lied upon. Measurements of total and direct serum bilirubin should be ob-
tained to differentiate conjugated from unconjugated hyperbilirubinemia.
Unfortunately, measurement of bilirubin has a notorious wide range, is in-
accurate, and is associated with a tremendous amount of interlaboratory
variability [70–78]. In a well-appearing, afebrile infant with unconjugated
hyperbilirubinemia and normal hemoglobin, no further tests are needed (al-
though some practitioners would obtain a urinalysis and urine culture) [2].

Table 1

Etiology of conjugated hyperbilirubinemia

Infectious Anatomic Metabolic

TORCH Biliary atresia Inborn errors of metabolism

Hepatitis Choledochal cyst Cystic fibrosis

Sepsis (usually presents with

other signs of sepsis, ie,

vomiting, abdominal

distention, respiratory

distress, and poor feeding)

Alagille syndrome

(arteriohepatic

dysplasia)

Cholestasis

Mass lesion

Alpha-1-antitrypsin deficiency
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As alluded to earlier in this manuscript, obtaining a urinalysis may prove
helpful in the infant with physiologic jaundice. Several investigations have
indicated an association between jaundice and asymptomatic urinary tract
infections [2,62,64,67,79–82]. A series of articles by Seeler indicate that jaun-
dice may be one of the earliest signs of a urinary tract infection [64,79,81].
Ng and Rawstron described a case series of six neonates in whom jaundice
was the prominent feature in acute urinary tract infection [80]. Chavalitd-
hamrong and colleagues [68] prospectively identified two urinary tract infec-
tions in 69 infants with unexplained jaundice. Rooney and colleagues [62]
found urinary tract infections in 40% (9 of 22) of infants with documented
bacterial infections. Garcia and Nager [82] prospectively evaluated asymp-
tomatic, afebrile, jaundiced infants for evidence of a urinary tract infection,
which they found in 7.5% of infants less than 8 weeks of age. Furthermore,
neonates presenting with an onset of jaundice after 8 days of age or those
with an elevated conjugated bilirubin fraction were more likely to have a uri-
nary tract infection. Garcia and Nager recommend testing for a urinary
tract infection as part of the evaluation of the asymptomatic jaundiced in-
fant presenting to the emergency department [82].

In cases in which anemia is present, a complete blood count with periph-
eral smear, Coombs’ test, and maternal and fetal blood types should be an-
alyzed (ABO and Rh(D) typing) [2]. Neonates who are Coombs’ positive are
approximately twice as likely as their comparable peers to have a serum bil-
irubin level of more than 12 mg/dL [70]. In the presence of a positive
Coombs’ test, ABO or Rh incompatibility is the most likely cause of jaun-
dice, because the majority of neonates with other causes of hemolysis will be
Coombs’ negative [2]. Furthermore, a G6PD level has been recommended
for any infant undergoing phototherapy with an appropriate genetic or geo-
graphic background, and for any neonate who does not respond well to
phototherapy [2].

In cases of conjugated hyperbilirubinemia, evaluation efforts should be
directed to determining the underlying etiology [2]. Most commonly,

Box 1. Danger signs

1. Family history of significant hemolytic disease
2. Vomiting
3. Lethargy
4. Poor feeding
5. Fever
6. Onset of jaundice after the third day of life
7. High-pitched cry
8. Dark urine
9. Light stools
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conjugated hyperbilirubinemia is infectious in origin, and these causes
should be assessed with a TORCH infection panel (toxoplasmosis, others,
rubella, cytomegalovirus, and herpes simplex), hepatitis B serology, and uri-
nalysis for cytomegalovirus. Although less common, jaundice may be the
presenting complaint in neonates with inborn errors of metabolism, cystic
fibrosis, alpha-1-antitrypsin deficiency, and iron storage deficiencies.
When any of these processes are suspected, investigative studies should be
broad and include liver function tests, ammonia, albumin and total protein
levels, and a complete chemistry panel. Examination of urine for reducing
substances, sweat chloride testing, and red blood cell galactose-1-phosphate
uridyltransferase activity may be required.

Obstructive causes may be more difficult to identify owing to their
insidious and often intermittent presentation. Abdominal ultrasound and
hepatobiliary scintigraphy to assess for biliary atresia or a choledochal
cyst may provide a diagnosis that, when reached promptly, improves out-
comes due to early surgical intervention.

In casesof significanthyperbilirubinemia (serumbilirubin levelO15mg/dL)
with or without symptoms of illness, the following laboratory values
should be obtained: direct and indirect bilirubin, complete blood cell count,
peripheral blood smear for hemolysis, reticulocyte count, liver function tests,
thyroid function tests, as well as an evaluation for sepsis. If an ex-
change transfusion is anticipated, a type and cross must be obtained. Indi-
rect hyperbilirubinemia, reticulocytosis, and a smear consistent with red
blood cell destruction are suggestive of hemolysis [58]. Infants with hemoly-
sis as a cause of their hyperbilirubinemia are at greater risk for kernicterus
[83] and should be admitted.

Kernicterus

Kernicterus (bilirubin encephalopathy) is a rare but catastrophic biliru-
bin-induced brain injury that is one of the known causes of cerebral palsy
[7,35,84,85]. It is one of the few causes of brain damage in the neonatal pe-
riod that, with current diagnostic and treatment regimens, is preventable
[11]. The link between hyperbilirubinemia and brain damage was first estab-
lished in the early 1950s when Mollison and Hsia and colleagues demon-
strated that the risk of kernicterus in infants with hemolytic disease of the
newborn dramatically increased with the bilirubin level and that an ex-
change transfusion could dramatically decrease that risk [70,86,87]. The
likelihood of kernicterus depends on the bilirubin level, as well as the age
of the child and comorbidities.

A schema for grading the severity of acute bilirubin encephalopathy has
been described [10,88]. The earliest signs are often subtle and may be missed
but include early alterations in tone of the extensor muscles (hypotonia or
hypertonia), retrocollis (backward arching of the neck), opisthotonus



1128 COLLETTI et al
(backward arching of the trunk), as well as a poor suck response [10,13,89].
The hypertonia and retrocollis will often increase in severity and may be by
accompanied by a shrill cry as well as unexplained irritability alternating
with lethargy and fever [89]. Prompt and effective therapy during the early
phase of bilirubin-induced neurologic dysfunction can prevent chronic
kernicteric sequelae [10].

Advanced signs of bilirubin encephalopathy are cessation of feeding,
bicycling movements, irritability, seizures, fever, and altered mental status.
These late findings are predictors of severe kernicteric sequelae. The final
stage is chronic irreversible bilirubin encephalopathy, also known as kernic-
terus [10]. The classic tetrad [11] of chronic irreversible bilirubin encephalop-
athy are athetoid cerebral palsy, deafness or hearing loss, impairment of
upward gaze, and enamel dysplasia of the primary teeth.

Kernicterus was rarely seen in the decades following the introduction of
phototherapy and exchange transfusion, but recent reports suggest it is
reemerging despite virtual elimination of Rh disease [4,11]. The majority
of cases reported in the last decade have not occurred in infants with
ABO, Rh, other hemolytic disease but in apparently healthy near-term
and term infants with significantly elevated bilirubin levels (well above
30 mg/dL) [90].

Bhutani and colleagues [6] preformed a review in which steps were de-
signed to facilitate a safer experience with newborn jaundice and prevent
the feared manifestation of severe hyperbilirubinemiadkernicterus. A
root cause analysis of cases of kernicterus was also performed by the Amer-
ican Academy of Pediatrics Subcommittee on Neonatal Hyperbilirubinemia
who identified several potentially correctable factors that are associated with
the development of kernicterus [89]. Based on Bhutani’s review and the rec-
ommendations of the subcommittee, the principles that are most applicable
to the practice of emergency medicine include an increased level of concern
by the clinician, an objective assessment of the presence or absence of jaun-
dice, the identification of risk factors of potential severe disease, careful at-
tention to parental concern regarding jaundice, the identification of poor
feeding and lethargy, and timely intervention for infants with TSB greater
than the 95th percentile [6,89].

Emergency department management and disposition

Emergency department management of the jaundiced neonate depends
on several factors. Management of jaundice in the term newborn is challeng-
ing because the clinician must balance the risks of aggressive versus conser-
vative management [70]. Careful consideration must be given to the risks
and benefits of each therapeutic intervention. Clinical decision making is
aided by weighing variables such as the infant’s age, clinical appearance, bil-
irubin level, the etiology, and the timing of jaundice.
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In unconjugated hyperbilirubinemia, the ultimate goal is the prevention
of kernicterus and its potentially devastating effects. The full-term, well-
appearing, and afebrile neonate without significant risk factors and a biliru-
bin level less than 17 mg/dL may be simply observed, monitoring closely for
increasing jaundice. Any dehydration should be corrected according to
weight with normal saline boluses, and the frequency of feeding may be
increased to aid in the excretion of bilirubin. Frequent feeding and frequent
stools aid in bilirubin excretion and should be encouraged. The issue of con-
tinuing breastfeeding often arises. The American Academy of Pediatrics
does not recommend the discontinuation of breastfeeding in healthy term
newborns and encourages frequent breastfeeding of at least eight to ten
times per 24-hour time period [1,2]. The major risk of interrupting breast-
feeding is that the interruption may result in permanent discontinuation,
losing its considerable benefits; however, a temporary cessation may be con-
sidered to augment phototherapy [70]. After bilirubin has fallen to a safe
level, breastfeeding should be reinstated and the adequacy of this intake
monitored to ensure proper hydration. Supplemental feedings in the form
of water or dextrose solutions have not been found to precipitate the reso-
lution of serum bilirubin levels to normal, nor are they preventative against
the development of jaundice; therefore, they are not routinely recommended
for healthy breastfed neonates. Depending on the preferences of the new-
born’s parents and physician, several options for feeding exist (with or with-
out phototherapy) [2]. A candid conversation should be entered with the
newborn’s parents outlining the risks and benefits of the continuation of
breastfeeding with close monitoring, supplementation with formula, or
a brief substitution of breastfeeding with formula, each of which may be im-
plemented with or without phototherapy. Ultimately, feeding options for
jaundiced newborns sufficiently healthy to be monitored on an outpatient
basis depend on both the parents’ and physician’s preferences [2]. In cases
of breast milk jaundice, one consideration is the temporary cessation of
breast milk with reintroduction after the bilirubin has fallen to a safe level.

Phototherapy, one of the mainstays of therapy for the jaundiced neonate,
is carried out with a blue light that causes photoconversion of the bilirubin
molecule to a water-soluble product that is excreted in the urine and stool.
The use of phototherapy may lead to greater water loss; therefore, fluid in-
take must be increased by 20%. Breastfeeding may be continued. A general
rule of thumb regarding when to initiate phototherapy for a full-term
healthy infant is to begin the therapy at a bilirubin level of 17 mg/dL or
higher and to discontinue therapy once the bilirubin level is less than
12 mg/dL. Table 2 lists further recommendations based on age in hours and
risk. Phototherapy should be started at lower bilirubin levels (15 mg/dL)
for neonates with a rapid rise in bilirubin, when ABO incompatibility exists,
and in the preterm and near-term infant [1].

‘‘Near-term’’ is a phrase used to describe newborns who do not meet the
World Health Organization’s definition of 38 to 42 weeks’ gestation but are
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over 2500 g in birth weight [35,89,91]. A commentary by the American
Academy of Pediatrics Subcommittee on Neonatal Hyperbilirubinemia con-
cluded that newborns who are near-term are at significant risk of severe hy-
perbilirubinemia [89]. A prospective investigation by Sarici and colleagues
[91] determined that neonates between 35 and 37 weeks’ gestation (near-
term newborns) were 2.4 times more likely than those at 38 to 42 weeks
to develop significant hyperbilirubinemia. These investigators stated near-
term infants should be considered to be a high-risk group because one of
four of these infants requires phototherapy for jaundice.

Exchange transfusion should be initiated emergently for markedly ele-
vated serum bilirubin levels (Table 3). A body of literature suggests that ex-
change transfusion to maintain a bilirubin level below 20 mg/dL prevents
kernicterus in infants with severe hemolytic disease of the newborn
[86,87,92,93]. An exchange transfusion is recommended for term infants
with hemolysis, if phototherapy is unable to maintain the total bilirubin

Table 2

American Academy of Pediatrics recommendations for phototherapy

Total serum bilirubin (mg/dL)

Age (h)

Risk category 24 36 48 72 96

High risk (35–37 weeks þ risk factorsa) 8 9 11 13 14

Medium risk (R38 weeks þ risk factors or 35–37

weeks and well)

10 12 13 15 17

Low risk (O38 weeks and well) 12 13 15 18 20

a Risk factors are defined as isoimmune hemolytic disease, G6PD deficiency, asphyxia, sig-

nificant lethargy, temperature instability, sepsis, acidosis.

Data from the American Academy of Pediatrics Clinical Practice Guidelines Subcommittee

on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn infant 35 or more

weeks of gestation. Pediatrics 2004;114:297–316.

Table 3

American Academy of Pediatrics recommendations for exchange transfusion

Total serum bilirubin (mg/dL)

Age (h)

Risk category 24 36 48 72 96

High risk (35–37 weeks þ risk factorsa) 15 16 17 18 19

Medium risk (R38 weeks þ risk factors or 35–37

weeks and well)

16.5 18 19 20 22

Low risk (O38 weeks and well) 19 21 22 24 25

a Risk factors are defined as isoimmune hemolytic disease, G6PD deficiency, asphyxia, sig-

nificant lethargy, temperature instability, sepsis, acidosis.

Data from the American Academy of Pediatrics Clinical Practice Guidelines Subcommittee

on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn infant 35 or more

weeks of gestation. Pediatrics 2004;114:297–316.
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level below 17.5 to 23.4 mg/dL, or for any neonate showing signs of kernic-
terus [70]. Newman and colleagues [94] found that when high TSB levels
were treated with phototherapy or exchange transfusion, there was not an
association with adverse neurodevelopment. An exchange transfusion will
reduce the bilirubin concentration by approximately 50% and should be
used with concurrent phototherapy.

Pharmacologic therapy may also be considered in conjunction with a neo-
natologist. Phenobarbital and ursodeoxycholic acid have been used to im-
prove biliary flow and lower bilirubin levels [35]. Tin mesoporphyrin
decreases bilirubin production by inhibiting heme oxygenase and is awaiting
US Food and Drug Administration approval [35].

Admission is indicated for all ill-appearing neonates, for those found to
be anemic, for bilirubin levels in the range of phototherapy or exchange
requirements, and for pathologic or conjugated hyperbilirubinemia [1].
The latter condition always conceals serious underlying disease. Although
conjugated bilirubin lacks the neurotoxicity of the unconjugated form,
steps should immediately be taken to identify and treat the precipitating
disorder. Jaundice is an early indicator of sepsis or urinary tract infection,
and if such an infectious etiology is found, antibiotics should be started
immediately. The anatomic causes of biliary atresia or obstruction due to
a choledochal cyst must be identified early, and surgical evaluation should
be prompt [2].

Prognosis

For the majority of cases, when treated early and appropriately, the prog-
nosis is favorable. This success is evidenced by an investigation by Newman
and colleagues [94] who determined that when high TSB levels were treated
with phototherapy or exchange transfusion, there was not an association
with adverse neurodevelopment.

Summary

Neonatal hyperbilirubinemia is estimated to occur in the majority of term
infants in the first week of life, and approximately 2% reach a TSB greater
than 20 mg/dL [1–4]. Secondary to early hospital discharge, neonatal jaun-
dice has been transformed from an inpatient issue to an outpatient one that
is often dealt with by the emergency physician. Consequently, the emergency
physician should be comfortable with the presentation, evaluation, and
management of the jaundiced newborn. Kernicterus, a rare but catastrophic
complication of neonatal hyperbilirubinemia, is preventable and until re-
cently was thought to be extinct. The role of the emergency physician is
to balance the risks and benefits of diagnostic evaluation and management
in the care of the jaundiced neonate.
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