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CTERUS neonatorum, or neonatal jaundice, has
long been recognized.

 

1

 

 The term “kernicterus”
was introduced in the early 1900s to refer to the

yellow staining of the basal ganglia observed in in-
fants who died with severe jaundice.

 

2

 

 From the 1950s
through the 1970s, because of a high incidence of
Rh hemolytic disease and kernicterus, pediatricians
were aggressive in treating jaundice.

 

3

 

 However, sev-
eral factors have changed the management of jaundice.
Studies in the 1980s and 1990s suggested that ker-
nicterus from jaundice was rare and that too many in-
fants were being treated unnecessarily.

 

4-7

 

 Also, new-
born infants were being discharged from the hospital
sooner after birth, limiting the ability of physicians
to detect jaundice during the period when the serum
bilirubin concentration is likely to rise.

 

8,9

 

 Finally, low
concentrations of bilirubin may have some antioxi-
dant benefits, suggesting that it should not be com-
pletely eliminated.

 

10

 

 Because of these factors, physi-
cians became less likely to treat jaundice in neonates,
which in turn led to an increase in reports of the al-
most forgotten and sometimes deadly kernicterus.

 

11,12

 

Fortunately, these changes have also stimulated the
development of new approaches to the prevention,
detection, and treatment of hyperbilirubinemia. In
this review, we appraise these advances.

 

PATHOPHYSIOLOGY

 

Neonatal hyperbilirubinemia results from a pre-
disposition to the production of bilirubin in new-
born infants and their limited ability to excrete it.
Infants, especially preterm infants, have higher rates
of bilirubin production than adults, because they have
red cells with a higher turnover and a shorter life
span.

 

13

 

 In newborn infants, unconjugated bilirubin is

I

 

not readily excreted, and the ability to conjugate bil-
irubin is limited. Together, these limitations lead to
physiologic jaundice — that is, high serum bilirubin
concentrations in the first days of life in full-term in-
fants (and up to the first week in preterm infants and
in some full-term Asian infants), followed by a decline
during the next several weeks to the values commonly
found in adults. The average full-term newborn infant
has a peak serum bilirubin concentration of 5 to 6 mg
per deciliter (86 to 103 µmol per liter). Exaggerated
physiologic jaundice occurs at values above this thresh-
old (7 to 17 mg per deciliter [104 to 291 µmol per
liter]). Serum bilirubin concentrations higher than 17
mg per deciliter in full-term infants are no longer con-
sidered physiologic, and a cause of pathologic jaun-
dice can usually be identified in such infants.

 

14

 

CAUSES

 

The predominant source of bilirubin is the break-
down of hemoglobin in senescent or hemolyzed red
cells. Heme is degraded by heme oxygenase, resulting
in the release of iron and the formation of carbon
monoxide and biliverdin (Fig. 1). Biliverdin is further
reduced to bilirubin by biliverdin reductase. Biliru-
bin then enters the liver and is modified to an ex-
cretable conjugated form that enters the intestinal lu-
men but can be deconjugated by bacteria so that the
bilirubin is reabsorbed into the circulation.

Increased production of bilirubin, deficiency of he-
patic uptake, impaired conjugation of bilirubin, and
increased enterohepatic circulation of bilirubin account
for most cases of pathologic jaundice in newborn in-
fants.

 

14

 

 Increased production of bilirubin occurs in in-
fants of various racial groups, as well as in infants with
blood-group incompatibilities, erythrocyte-enzyme
deficiencies,

 

16,17

 

 or structural defects of the erythro-
cytes (Table 1).

 

18,19

 

 The propensity toward hyperbil-
irubinemia in certain racial groups is not well under-
stood.

Another reason for pathologic hyperbilirubinemia
is deficient hepatic uptake of bilirubin, as occurs in
patients with Gilbert’s syndrome.

 

20

 

 Deficiency of uri-
dine diphosphate glucuronosyltransferase, the enzyme
required for the conjugation of bilirubin, is another
important cause of neonatal jaundice. Although all
newborn infants are relatively deficient in this enzyme,
those with Crigler–Najjar syndrome type 1, in whom
the deficiency is severe, have bilirubin encephalop-
athy in the first days or months of life.

 

21

 

 In contrast,
encephalopathy is rare in infants with Crigler–Najjar
syndrome type II, in which serum bilirubin values
rarely exceed 20 mg per deciliter (342 µmol per li-
ter). In glucose-6-phosphate dehydrogenase deficien-
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cy, there is an increased risk of hemolysis and im-
paired conjugation of bilirubin.

 

22

 

 
Infants with Gilbert’s syndrome also have mildly

decreased uridine diphosphate glucuronosyltransferase
activity. This decrease has been attributed to an ex-
pansion of thymine–adenine (TA) repeats in the pro-
moter region of the 

 

UG1TA

 

 gene, the principal gene
encoding this enzyme.

 

23

 

 Racial variation in the num-
bers of TA repeats and a correlation with uridine
diphosphate glucuronosyltransferase activity suggest
that these polymorphisms contribute to variations in
bilirubin metabolism.

 

24

 

 In Asians, a common DNA-
sequence variant (Gly71Arg), resulting in an amino
acid change in the uridine diphosphate glucuronosyl-
transferase protein, is associated with neonatal hyper-
bilirubinemia.

 

25

 

 In addition, the combination of glu-

cose-6-phosphate dehydrogenase deficiency and Gil-
bert’s syndrome increases the likelihood of severe
hyperbilirubinemia.

 

26

 

Increased enterohepatic circulation of bilirubin in
the fasting state can also exaggerate hyperbilirubine-
mia.

 

27,28

 

 Newborn infants who are not feeding well
or who are exclusively breast-fed have low levels of
the intestinal bacteria that are capable of converting
bilirubin to nonresorbable derivatives and the entero-
hepatic circulation of bilirubin may be increased in
such infants (Table 1).

 

Cellular Toxic Effects of Bilirubin

 

The primary concern with respect to exaggerated
hyperbilirubinemia is the potential for neurotoxic ef-
fects, but general cellular injury also occurs. Bilirubin

 

Figure 1.

 

 Metabolic Pathway of the Degradation of Heme and the Formation of Bilirubin.
Heme released from the hemoglobin of red cells or from other hemoproteins is degraded by an enzymatic process involving heme
oxygenase, the first and rate-limiting enzyme in a two-step reaction requiring NADPH and oxygen, and resulting in the release of
iron and the formation of carbon monoxide and biliverdin. Metalloporphyrins, synthetic heme analogues, can competitively inhibit
heme oxygenase activity (indicated by the X). Biliverdin is further reduced to bilirubin by the enzyme biliverdin reductase. Carbon
monoxide can activate guanylyl cyclase (GC) and lead to the formation of cyclic guanosine monophosphate (cGMP). It can also
displace oxygen from oxyhemoglobin or be exhaled. The bilirubin that is formed is taken up by the liver and conjugated with glu-
curonides to form bilirubin monoglucuronide or diglucuronide (BMG and BDG, respectively), in reactions catalyzed by uridine
diphosphate and monophosphate glucuronosyltransferase. The bilirubin glucuronides are then excreted into the intestinal lumen
but can be deconjugated by bacteria so that the bilirubin is reabsorbed into the circulation, as shown. Adapted from Vreman et al.
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inhibits mitochondrial enzymes and can interfere with
DNA synthesis, induce DNA-strand breakage, and
inhibit protein synthesis and phosphorylation.

 

29

 

Bilirubin has an affinity for membrane phospho-
lipids and inhibits the uptake of tyrosine, a marker
of synaptic transmission.

 

30

 

 Bilirubin also inhibits the
function of 

 

N

 

-methyl-

 

D

 

-aspartate–receptor ion chan-
nels.

 

31

 

 This suggests that bilirubin can interfere with
neuroexcitatory signals and impair nerve conduction
(particularly in the auditory nerve).

 

32

 

 Bilirubin can
inhibit ion exchange and water transport in renal
cells,

 

33

 

 which may explain the neuronal swelling that
occurs in the bilirubin encephalopathy associated with

kernicterus. In immature rats, increased levels of lac-
tate, decreased levels of cellular glucose, and impaired
cerebral glucose metabolism are associated with hy-
perbilirubinemia.

 

34

 

Factors That Influence the Neurotoxic Effects of Bilirubin

 

The concentration of bilirubin in the brain and the
duration of exposure to bilirubin are important deter-
minants of the neurotoxic effects of bilirubin, where-
as the correlation between the serum bilirubin con-
centration and bilirubin encephalopathy is poor in
infants without hemolysis. One reason for this weak
correlation is that the duration of hyperbilirubine-
mia is also an important determinant of the brain’s
exposure to bilirubin. Serum bilirubin concentrations
do not provide a reliable estimate of bilirubin pro-
duction, tissue bilirubin concentrations, or serum con-
centrations of albumin-bound bilirubin. Furthermore,
phototherapy, which alters the configuration of bili-
rubin and yields a photoisomer that can be excreted,
makes it difficult to equate serum bilirubin concen-
trations in treated infants with those in untreated in-
fants. In contrast, peak serum bilirubin concentrations
higher than 20 mg per deciliter usually predict a poor
outcome in infants with Rh hemolytic disease,

 

35,36

 

but some infants with concentrations of 25 mg per
deciliter (428 µmol per liter) or higher are normal.

 

35

 

Kernicterus was detected in 8 percent of infants with
Rh-associated hemolysis who had serum bilirubin
concentrations of 19 to 24 mg per deciliter (325 to
410 µmol per liter), 33 percent of infants with con-
centrations of 25 to 29 mg per deciliter (428 to 496
µmol per liter), and 73 percent of infants with con-
centrations of 30 to 40 mg per deciliter (513 to 684
µmol per liter).

 

37

 

Bilirubin can enter the brain if it is not bound to
albumin or is unconjugated or if there has been dam-
age to the blood–brain barrier. Albumin can bind
bilirubin at a molar ratio of up to 1 or a maximum
of 8.2 mg of bilirubin per gram of albumin. There-
fore, newborn infants with a serum albumin concen-
tration of 3 g per deciliter may have a serum concen-
tration of albumin-bound bilirubin of approximately
25 mg per deciliter. If the serum albumin concen-
tration is low, the binding of bilirubin is compromised
and the risk of kernicterus increases. In the 1950s,
treatment of preterm infants with sulfisoxazole in-
creased the risk of kernicterus, because the drug dis-
places bilirubin from albumin and therefore facilitates
its entry into the brain.

 

38

 

 Benzyl alcohol, a preserva-
tive agent that was added to solutions of normal sa-
line in the 1970s, may have caused kernicterus by the
same mechanism.

 

39

 

 In the brain, the susceptibility to
the neurotoxic effects of bilirubin varies according
to cell type, brain maturity, and brain metabolism.

Unconjugated bilirubin is a substrate for an ATP-
dependent plasma-membrane protein, P-glycopro-
tein, in the blood–brain barrier. In mice with a tar-

 

*Breast milk is a competitive inhibitor of hepatic
uridine diphosphate glucuronosyltransferase (late-
onset breast-milk jaundice). 
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.

 

Maternal factors

 

Race or ethnic group
Asian
Native American
Greek Islander

Complications during pregnancy
Diabetes mellitus
Rh incompatibility
ABO incompatibility

Use of oxytocin in hypotonic solutions 
during labor

Breast-feeding* 

 

Perinatal factors

 

Birth trauma
Cephalhematoma
Ecchymoses

Infection
Bacterial
Viral
Protozoal

 

Neonatal factors

 

Prematurity
Genetic factors

Familial disorders of conjugation
Gilbert’s syndrome
Crigler–Najjar syndrome types I and II

Other enzymatic defects
Glucose-6-phosphate dehydrogenase 

deficiency
Pyruvate kinase deficiency
Hexokinase deficiency
Congenital erythropoietic porphyria

Erythrocyte structural defects
Spherocytosis
Elliptocytosis

Polycythemia
Drugs

Streptomycin
Chloramphenicol
Benzyl alcohol
Sulfisoxazole

Low intake of breast milk (early-onset 
breast-milk jaundice)

Downloaded from www.nejm.org on February 23, 2009 . Copyright © 2001 Massachusetts Medical Society. All rights reserved. 



 

584

 

·

 

N Engl J Med, Vol. 344, No. 8

 

·

 

February 22, 2001

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine

 

geted deletion of P-glycoprotein, bilirubin influx into
the brain is increased.

 

40

 

 Conditions that alter the
blood–brain barrier, such as infection, acidosis, hy-
peroxia, sepsis, prematurity, and hyperosmolarity, may
affect the entry of bilirubin into the brain.

 

41-43

 

 Once
it is in the brain, precipitation of bilirubin at low pH
may have toxic effects.

 

44,45

 

 Also, neurons undergoing
differentiation are particularly susceptible to injury
from bilirubin,

 

46

 

 suggesting that prematurity predis-
poses infants to bilirubin encephalopathy.

 

Clinical Features of Kernicterus

 

The clinical features of kernicterus vary, and up to
15 percent of infants have no obvious neurologic
symptoms. The disease can be divided into an acute
and a chronic form (Table 2). The acute form usually
has three phases; the chronic form is characterized
by hypotonia in the first year and by extrapyramidal
abnormalities and sensorineural hearing loss thereaf-
ter. In a registry of full-term and nearly full-term in-
fants born between 1984 and 1999, the mortality
rate among infants with kernicterus was 4 percent.

 

47

 

Specific changes on magnetic resonance imaging —
namely, increased signal intensity in the globus pal-
lidus on T

 

2

 

-weighted images

 

48

 

 — are closely corre-
lated with the deposition of bilirubin in the basal
ganglia.

In approximately 27,000 infants in the Collabora-
tive Perinatal Project, neurodevelopment during the
first year of life was correlated with the maximal serum
bilirubin concentration soon after birth.

 

49

 

 In a mul-
ticenter Dutch survey, a dose–response relation be-
tween the maximal serum bilirubin concentration and
the risk of impaired development was found at two
years of age only among children who had weighed
less than 1500 g at birth,

 

50

 

 and there was no corre-
lation at five years of age.

 

51

 

 In a study of 50 full-term
infants with moderate hyperbilirubinemia (serum bil-
irubin concentration, 10 to 20 mg per deciliter [171
to 342 µmol per liter]), the latency of brain-stem au-
ditory evoked responses was longer in these infants
than in those with lower serum bilirubin concentra-
tions, and the abnormality was more pronounced in
infants with higher bilirubin concentrations.

 

52

 

Some of these changes disappear spontaneously or
can be reversed with exchange transfusion. In most
infants with moderate-to-severe hyperbilirubinemia,
the evoked responses become normal by six months
of age; the abnormalities were permanent in only 4 of
60 infants in one study,

 

53

 

 but in another study they
persisted in 7 of 30 infants, and 3 of those 7 infants
also had neurologic abnormalities.

 

54

 

 A 17-year follow-
up study revealed an association between severe hy-
perbilirubinemia (serum bilirubin concentration of 20
mg per deciliter or higher) and low IQ in boys, but
not in girls.

 

55

 

 The finding that boys are more suscep-
tible than girls to the adverse effects of neonatal hy-
perbilirubinemia was substantiated in a historical co-

hort study of 31,759 untreated infants, in which it held
true even among those infants with a serum biliru-
bin concentration of less than 20 mg per deciliter.

 

56

 

PREDICTION OF THE RISK OF SEVERE 

HYPERBILIRUBINEMIA

 

An increasing number of newborn infants are dis-
charged from the hospital within 48 hours after birth,
and it is therefore not surprising that hyperbilirubi-
nemia is detected before discharge less often than it
was in the past. The need for phototherapy is one of
the most commonly reported reasons for readmission
of newborn infants,

 

57,58

 

 suggesting the need for early
detection of hyperbilirubinemia and follow-up after
discharge.

 

59,60

 

Clues to an infant’s propensity for severe hyperbil-
irubinemia can be obtained from characteristics of the
mother

 

61-63

 

 and perinatal and neonatal factors (Table
1). The evaluation of serum bilirubin concentrations
in newborn infants by means of a percentile-based
nomogram allows physicians to predict the risk of hy-
perbilirubinemia.

 

64

 

 In one study, infants who had se-
rum bilirubin concentrations in the high-risk catego-
ry (higher than the 95th percentile) 18 to 72 hours
after birth had a 40 percent probability of subse-
quent, moderately severe hyperbilirubinemia (serum
bilirubin concentration of more than 17 mg per dec-
iliter), whereas infants with concentrations in the low-
risk category (lower than the 40th percentile) had a
probability of zero. Some caution is needed in inter-
preting these data, since meaningful follow-up data
after hospital discharge were available for only 2976
of 13,003 eligible infants.

 

65

 

 Nonetheless, nomograms
can identify infants who are at risk for severe hyper-
bilirubinemia and can guide follow-up.

 

Transcutaneous Measurement of Bilirubin

 

Estimates of serum bilirubin concentrations that
are based solely on clinical examination are not reli-
able. Noninvasive techniques for transcutaneous meas-
urement have been developed for this purpose, but
older devices are affected by variation in the pigmen-

 

T

 

ABLE

 

 2.

 

 C

 

LINICAL

 

 F

 

EATURES

 

 

 

OF

 

 K

 

ERNICTERUS

 

.

 

Acute form

 

Phase 1 (first 1–2 days): poor sucking, stupor, hypotonia, seizures
Phase 2 (middle of first week): hypertonia of extensor muscles, opisthot-

onus, retrocollis, fever
Phase 3 (after the first week): hypertonia

 

Chronic form

 

First year: hypotonia, active deep-tendon reflexes, obligatory tonic neck 
reflexes, delayed motor skills

After first year: movement disorders (choreoathetosis, ballismus, tremor), 
upward gaze, sensorineural hearing loss
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tation of the skin.

 

66,67

 

 Newer devices that use multi-
wavelength spectral reflectance can eliminate this var-
iability.

 

68

 

 In 897 newborn infants from various racial
and ethnic groups, the serum bilirubin concentration
ranged from 2 to 28 mg per deciliter (34 to 479 µmol
per liter), and the results of transcutaneous measure-
ments of bilirubin correlated well with the serum con-
centrations (r

 

2

 

=0.88).

 

68 

 

These devices could help re-
duce the need to draw blood and improve follow-up
for infants at home.

 

Measurement of Carbon Monoxide to Evaluate 
Bilirubin Production

 

Hemolysis and bruising increase the production
of bilirubin.

 

15

 

 Although the degree of jaundice and
the rate of production of bilirubin are not always cor-
related because the rate of elimination of bilirubin
varies among infants, early identification of infants in
whom large amounts of bilirubin are produced is im-
portant. Because carbon monoxide and bilirubin are
produced in equimolar amounts when heme is de-
graded, measurement of carbon monoxide in exhaled
air can be used as an index of bilirubin production
(Fig. 1). Exhaled carbon monoxide can be measured
reproducibly in newborn infants as well as in adults.

 

69

 

Since infants with hemolytic disease have high values
for exhaled carbon monoxide,

 

70

 

 measuring end-tidal
carbon monoxide may allow physicians to identify
such infants.

 

PREVENTION

 

Reduction of Bilirubin in the Enterohepatic Circulation

Newborn infants who do not feed adequately prob-
ably have increased enterohepatic circulation of bili-
rubin, because fasting causes increased accumulation
of bilirubin in animals.28 Since increasing the num-
ber of oral feedings allows for more rapid excretion
of bilirubin, early, frequent nursing or supplemental
feedings with formula may be effective in reducing
serum bilirubin concentrations in breast-fed infants
who are undergoing phototherapy.71 In contrast, sup-
plementation with water or dextrose may disrupt the
mother’s production of milk, resulting in higher se-
rum bilirubin concentrations.72

No drugs or other agents that decrease the entero-
hepatic circulation of bilirubin are available. In rats, ac-
tivated charcoal binds bilirubin and promotes its ex-
cretion, but the efficacy of charcoal in infants has not
been tested.73 In one study, the administration of
agar as an adjunct to phototherapy in newborn in-
fants with hyperbilirubinemia significantly reduced
the duration of phototherapy from 48 hours with-
out the use of agar to 38 hours with its use.74 Cho-
lestyramine, used to treat obstructive jaundice, in-
creases bilirubin excretion by binding to bile acids in
the intestine and forming a nonabsorbable complex.
However, in a study involving full-term infants who
were receiving phototherapy, treatment with choles-

tyramine, given at a dose of 1.5 g per kilogram of
body weight, did not result in serum bilirubin con-
centrations that were lower than those achieved with
phototherapy alone.75

Inhibition of Bilirubin Production

Synthetic metalloporphyrins in which the central
iron is replaced by other metals76 limit the produc-
tion of bilirubin by competitively inhibiting heme
oxygenase. In 517 preterm infants who weighed 1500
to 2500 g, one intramuscular dose (6 µmol per kil-
ogram) of tin-mesoporphyrin given within 24 hours
after delivery reduced the requirement for photo-
therapy by 76 percent and lowered the peak serum
bilirubin concentration by 41 percent.77 The only
untoward effect was transient erythema due to pho-
totherapy. In other randomized trials involving a to-
tal of 84 full-term and nearly full-term infants treat-
ed with tin-mesoporphyrin (6 µmol per kilogram),
the need for phototherapy was completely eliminated,
and among the full-term newborns, the duration of
in-hospital observation was significantly shorter for
the infants treated with tin-mesoporphyrin than for
those treated with phototherapy alone (a difference of
more than 30 hours).77-79 Furthermore, in one of these
studies, all the infants who received tin-mesoporphy-
rin had a peak serum bilirubin concentration that was
less than 19.6 mg per deciliter (335.2 µmol per li-
ter).79 Although they are promising, metalloporphy-
rins are not currently approved for use in newborn
infants. Whether one metalloporphyrin is more effec-
tive and safer than the others is not known,80-82 and
none are available for oral administration.

TREATMENT

Phototherapy

Phototherapy has remained the standard of care
for the treatment of hyperbilirubinemia in infants for
four decades.83 Efficient phototherapy rapidly reduc-
es the serum bilirubin concentration. The formation
of lumirubin, a water-soluble compound, is the rate-
limiting step in the elimination of bilirubin by pho-
totherapy.84 Two factors determine the rate of lumiru-
bin formation: the spectrum85,86 and the total dose of
light delivered.87,88 Because bilirubin is a yellow pig-
ment, it is likely to absorb blue light (with a wave-
length of approximately 450 nm).87,88 Thus, blue
lamps are most effective in reducing hyperbilirubi-
nemia,87,88 but eye strain in health care providers and
a reduction in their ability to assess cyanosis deter
hospitals from using them.87 Longer (green) wave-
lengths penetrate the skin more deeply and may inter-
act more effectively with albumin-bound bilirubin,87

but fluorescent white light is the most common form
of phototherapy.

The dose delivered, or irradiance, depends on the
power of the light and its distance from the infant.89,90

For standard phototherapy, eight fluorescent white
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bulbs are used to deliver 6 to 12 µW per square cen-
timeter of body-surface area exposed per nanometer
of wavelength. Fiberoptic blankets have a small ef-
fective surface area91,92 but generate little heat and can
therefore be positioned nearer the infant, providing
up to 50 µW per square centimeter per nanometer.93

A new device that uses high-intensity gallium nitride
light-emitting diodes can generate more than 200 µW
per square centimeter per nanometer, resulting in high
rates of photodegradation of bilirubin in vitro.94

The pattern of use of phototherapy in full-term in-
fants has changed along with postpartum discharge
practices.57 In many instances, by the time jaundice is
diagnosed, the infant has already been discharged,95

and serum bilirubin concentrations of more than 25
mg per deciliter are not exceptional among rehospi-
talized infants. Intensive phototherapy may eliminate
the need for exchange transfusion.96 For example,
phototherapy (irradiance, 11 to 14 µW per square cen-
timeter per nanometer) and feeding on demand with
formula or breast milk lowered serum bilirubin con-
centrations by more than 10 mg per deciliter within
two to five hours in four infants admitted with serum
bilirubin concentrations of 30 mg per deciliter or
higher.96 However, the neurologic outcome was not
assessed in these few infants, so the safety of this prac-
tice has not been established. Currently, many infants
receive phototherapy in a dose that is well below the
optimal therapeutic range,93 yet this therapy is safe,
and its effect can be maximized by increasing the ex-
posed body-surface area and the intensity of the light.

An infant being treated with phototherapy is placed
(preferably naked) under a bank of lights (eight fluo-
rescent bulbs), and the eyes are shielded. Tempera-
ture and hydration status should be monitored. When
dehydration is suspected, intravenous fluids are in-
fused. Otherwise, the infant receives only oral fluids.
Phototherapy can be discontinued for periods of one
to two hours to allow family visits and feeding.

The time at which phototherapy is initiated varies
according to the infant’s gestational age and the cause
of the jaundice. Full-term infants with no evidence of
hemolysis should be treated according to the guide-
lines of the American Academy of Pediatrics.97 No
guidelines have been published for preterm infants,
but we suggest following the published recommen-
dations that are based on gestational age, birth weight,
and relative health.14 Phototherapy can be discontin-
ued once the serum bilirubin concentration has been
reduced by about 4 to 5 mg per deciliter (68 to 86
µmol per liter). Phototherapy may not reduce the se-
rum bilirubin concentration in breast-fed infants as
rapidly as in bottle-fed infants, because the former
may have greater degrees of enterohepatic recircula-
tion, but supplementing breast-feeding with formu-
la reduces recirculation and allows for continued
breast-feeding even in infants with severe hyperbili-
rubinemia.71

There is a common belief that the discontinuation
of phototherapy is associated with rebound hyper-
bilirubinemia. In a recent study, 264 healthy new-
borns who weighed 1800 g or more had lower serum
bilirubin concentrations as long as 30 hours after the
discontinuation of phototherapy than they did imme-
diately after discontinuation, suggesting that rebound
hyperbilirubinemia is rare.98 Whether this finding can
be extrapolated to smaller preterm infants or infants
with hemolysis is not clear. Overall, phototherapy is
an effective way to decrease serum bilirubin concen-
trations.

Exchange Transfusion

Exchange transfusion was the first successful ther-
apy for severe neonatal jaundice.99 This technique
rapidly eliminates bilirubin from the circulation. Cir-
culating antibodies that target the erythrocytes are
also removed. Exchange transfusion is especially ben-
eficial in infants who have ongoing hemolysis from
any cause. One or two central catheters are placed,
and small aliquots of blood are removed from the in-
fant and replaced with similar aliquots of red cells
from a donor, mixed with plasma. This procedure is
repeated until twice the blood volume has been
replaced. During the procedure, serum electrolytes
and bilirubin should be measured periodically. The
amount of bilirubin removed from the circulation
varies according to both the amount of bilirubin
stored in tissues that reenters the circulation and the
rate of hemolysis. In some cases, the procedure needs
to be repeated to lower the serum bilirubin concen-
tration sufficiently. Infusion of salt-poor albumin at
a dose of 1 g per kilogram one to four hours before
exchange transfusion increases the mean amount of
bilirubin removed from 8.7 to 12.3 mg per kilogram
of birth weight, demonstrating the importance of al-
bumin in binding bilirubin.100

Many complications of exchange transfusions have
been reported, including thrombocytopenia, portal-
vein thrombosis, necrotizing enterocolitis,101 electro-
lyte imbalance, graft-versus-host disease,102 and in-
fection. In a recent retrospective study spanning 15
years, 2 percent of 106 infants with a variety of ill-
nesses died after exchange transfusion, and 12 percent
had severe complications.103 All 81 infants with jaun-
dice who were otherwise healthy survived, although
necrotizing enterocolitis developed in 1. Therefore,
exchange transfusion should be reserved for infants
with hemolysis in whom intensive phototherapy (i.e.,
with the maximal area of exposure and at an irradi-
ance of more than 12 µW per square centimeter per
nanometer) has failed or in whom the rate at which
the serum bilirubin concentration is rising suggests
that it will probably reach 25 mg per deciliter within
48 hours,97 and for whom the risk of encephalop-
athy exceeds the risk of complications and death from
the procedure. Use of exchange transfusion greatly
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decreased after the introduction of phototherapy,104

and the optimization of phototherapy may further
reduce its use.96

Pharmacologic Therapies

Phenobarbital has been used since the mid-1960s
to increase the conjugation and excretion of biliru-
bin,105 but it is not effective immediately. In a study
involving 1310 women whose infants were at risk for
jaundice, the administration of phenobarbital at doses
of more than 1 g daily for the last week of pregnancy
reduced the incidence of severe jaundice (defined as
a serum bilirubin concentration of more than 16 mg
per deciliter [274 µmol per liter]) and reduced the
need for exchange transfusion by a factor of six.106

However, in rats, phenobarbital diminishes the oxi-
dative metabolism of bilirubin in neural tissues, sug-
gesting an increased risk of neurotoxic effects.107

Unconjugated bilirubin is metabolized by bilirubin
oxidase. When human or rat blood is passed through
a filter containing bilirubin oxidase, more than 90
percent of the bilirubin is degraded in a single pass.108

This procedure may prove useful in the treatment of
neonatal hyperbilirubinemia, but it has not yet been
tested in clinical trials. Moreover, it may pose a risk of
allergic reaction because the enzyme is derived from
a fungus.108,109

PREVENTION OF BILIRUBIN 

ENCEPHALOPATHY

Once bilirubin has accumulated, raising the brain
pH may help prevent encephalopathy, because bili-
rubin is more soluble in alkaline states. In primates
with hyperbilirubinemia, correction of respiratory ac-
idosis results in the complete reversal of abnormalities
in auditory evoked potentials.45 In newborn infants
with severe hyperbilirubinemia, moderate alkaliniza-
tion (pH, 7.45 to 7.55) may be attempted either by
infusing bicarbonate or by using ventilatory strate-
gies to lower the partial pressure of carbon dioxide
and thus raise the pH.

APPROACH TO JAUNDICE

Many variables affect the severity of hyperbilirubi-
nemia in infants, making it difficult to develop a simple
algorithm for intervention. The current recommen-
dations for initiating treatment are based on clinical
practice, and important unknowns preclude the de-
velopment of a universally applicable approach. The
designation of a specific serum bilirubin concentration
at which therapy is warranted is controversial, be-
cause estimates of safe concentrations are based pri-
marily on historical data from infants with a disease
that is rarely seen now (Rh-hemolytic disease). In ad-
dition, serum bilirubin concentrations of more than
25 mg per deciliter are rarely encountered today.110

Therefore, clinical trials of therapy would be difficult
to conduct because of the large population of pa-
tients that would be required. To complicate matters

further, there is substantial variability among hospi-
tals in the methods of testing for hyperbilirubinemia
and the laboratory values they report.110 Furthermore,
the concentration and duration of exposure at which
bilirubin is neurotoxic are not known; very prema-
ture or sick infants and those with hemolytic disease
are at greater risk for neurotoxic effects.

For full-term infants with no evidence of hemoly-
sis, the American Academy of Pediatrics recommends
initiating phototherapy according to a threshold for
serum bilirubin that depends on the infant’s age: 15
mg per deciliter (257 µmol per liter) at an age of 25
to 48 hours; 18 mg per deciliter (308 µmol per liter)
at 49 to 72 hours; and 20 mg per deciliter (342 µmol
per liter) at 72 hours or more.111 Unfortunately, these
values are not based on large prospective studies and
may not apply to all infants. Furthermore, the absence
of hemolysis can be difficult to gauge in the first days
of life. Lastly, these recommendations should not be
extrapolated to preterm or sick infants because of the
higher risk of toxic effects in these infants.112

Therefore, for preventing the development of path-
ologic jaundice, we can recommend only a careful
history taking to elicit information on risk factors,
early measurement of serum bilirubin, tests to rule out
hemolysis, and prudent feeding practices (early breast-
feeding and frequent supplementation with breast
milk or formula to prevent dehydration). The serum
bilirubin concentration is merely a marker of possi-
ble neurotoxic effects and should be evaluated in the
context of the infant’s overall condition. For example,
the physician should take into consideration the pres-
ence or absence of hypoxemia, acidosis, hypoalbumin-
emia, and sepsis. If severe hyperbilirubinemia is detect-
ed, phototherapy should be initiated immediately. We
also strongly recommend early follow-up (within 48
hours after discharge) to detect severe jaundice.

CONCLUSIONS

With our altered perception of the toxicity of bil-
irubin and an emphasis, driven by managed care, on
shortened hospital stays, the incidence of kernicterus
has again increased.113,114 Thus, health care providers
must reexamine their procedures for follow-up of new-
born infants. Evaluating the serum bilirubin con-
centration early for all infants with the use of a per-
centile-based nomogram and possibly screening for
genetic conditions should facilitate the anticipation
and diagnosis of pathologic jaundice before discharge.
Improved phototherapy and the use of metallopor-
phyrins may decrease the need for exchange transfu-
sion and even make possible the successful treatment
of hyperbilirubinemia at home. All newborn infants
who are discharged 48 hours or less after delivery
should meet the criteria of the American Academy
of Pediatrics for early discharge and should be exam-
ined for jaundice within two to three days after dis-
charge.111
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Ultimately, serious consideration should be given
to a universal screening program for hyperbilirubi-
nemia in the first 24 to 48 hours after delivery, with
the establishment of a registry to assess the severity
of bilirubin toxicity. Kernicterus is a condition that
leads to devastating neurologic injury. This compli-
cation occurs infrequently and can be prevented by
continued vigilance and available therapies.
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