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Neonatal hyperbilirubinemia:
An evidence-based approach

This review provides the latest advice on the screening
and management of hyperbilirubinemia in term infants.

PRACTICE
RECOMMENDATIONS

> Diagnose hyperbiliru-
binemia in infants with
bilirubin measured at >95th
percentile for age in hours.
Do not use visual assessment
of jaundice for diagnosis as
it may lead to errors. (C)

> Determine the threshold for
initiation of phototherapy by
applying serum bilirubin and
age in hours to the American
Academy of Pediatrics photo-
therapy nomogram along a
risk curve assigned based on
gestational age and neurotox-
icity risk factors (not major
and minor risk factors for se-
vere hyperbilirubinemia). (€)

> Make arrangements to
ensure that all infants are
seen by a health care provider
within 2 days of discharge
(within 1 day if significant
risk factors for development
of severe hyperbilirubine-
mia are present). (C)

Strength of recommendation (SOR)

Good-quality patient-oriented
evidence

Inconsistent or limited-quality
patient-oriented evidence

Consensus, usual practice,
opinion, disease-oriented
evidence, case series

ore than 60% of newborns appear clinically jaun-

diced in the first few weeks of life,! most often due

to physiologic jaundice. Mild hyperbilirubinemia
peaks at Days 3 to 5 and returns to normal in the following
weeks.! However, approximately 10% of term and 25% of late
preterm infants will undergo phototherapy for hyperbilirubi-
nemia in an effort to prevent acute bilirubin encephalopathy
(ABE) and kernicterus.?

Heightened vigilance to prevent these rare but devastating
outcomes has made hyperbilirubinemia the most common
cause of hospital readmission in infants in the United States®
and one with significant health care costs. This article sum-
marizes the evidence and recommendations for the screening,
evaluation, and management of hyperbilirubinemia in term
infants.

But first, we begin with a quick look at the causes of
hyperbilirubinemia.

Causes of conjugated vs

unconjugated hyperbilirubinemia

Bilirubin is generated when red blood cells break down and
release heme, which is metabolized into biliverdin and then
to bilirubin. Unconjugated bilirubin binds to albumin in the
blood and is transported to hepatocytes where conjugation
occurs, allowing it to be excreted through the gastrointesti-
nal tract. In neonates, most of the conjugated bilirubin that
reaches the gut is then unconjugated, resulting in its recircula-
tion. Additionally, neonates have an increased volume of red
blood cells and a slow conjugating system. These factors all
contribute to excess unconjugated bilirubin, which manifests
as physiologic, nonpathologic jaundice.” TABLE 1*° lists causes
of unconjugated hyperbilirubinemia.

I Elevated conjugated hyperbilirubinemia (conjugated
bilirubin level >20% of total serum bilirubin [TSB]) is always
pathologic and occurs due to intrahepatic or extrahepatic
obstruction. TABLE 27 lists causes of conjugated hyperbiliru-
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TABLE 1

Causes of unconjugated hyperbilirubinemia in neonates**®

Increased bilirubin

production circulation

Increased enterohepatic

Metabolic
conditions

Decreased clearance
of unconjugated
bilirubin

Inborn errors
of metabolism

Hemolysis (immune-mediated,

heritable) feeding

Extravasation
(cephalohematoma)

Pyloric stenosis

Polycythemia lleus

Sepsis

Disseminated intravascular
coagulation

Macrosomic infants of
diabetic mothers

Insufficient breast milk/

Bowel obstruction

Prematurity

G6PD deficiency

Hypothyroidism

Hypopituitarism

Galactosemia
Gilbert syndrome

Crigler-Najjar syndrome
(Iand I1)

Breast milk jaundice due
to other bilirubin UGT1A1
mutations

Tyrosinemia

Hypermethioninemia

G6PD, glucose-6-phosphate dehydrogenase; UGT1A1, uridine diphosphate-glucuronosyltransferase, family 1, polypeptide A1.

binemia. Infants found to have conjugated
hyperbilirubinemia should undergo an ad-
ditional work-up to determine the cause
and identify potential complications of this
disease.?

Given that the differential for conjugated
hyperbilirubinemia is so broad and that it is
often associated with severe disease requir-
ing complicated and invasive treatments,
infants with conjugated hyperbilirubinemia
should be referred to a pediatric tertiary care
facility with pediatric gastroenterologists, in-
fectious disease specialists, and surgeons.”

What puts newborns

at risk?

Major and minor risk factors for the develop-
ment of severe hyperbilirubinemia in well
newborns >35 weeks’ gestation are listed in
TABLE 3.° Those that carry the highest risk
include gestational age <38 weeks, having a
sibling who required phototherapy, visible
jaundice by the time of discharge, and ex-
clusive breastfeeding.® Several more recent
cohort studies, however, suggest that breast-
feeding may not be a significant risk factor.!
The more risk factors present, the higher the
risk. Infants who are formula fed, age 241 ges-
tational weeks, or have no major or minor risk
factors have a very low likelihood of develop-
ing severe hyperbilirubinemia.’

N MDEDGE.COM/JFPONLINE

I The Bhutani curve!! is a widely used,
validated nomogram based on pre-discharge
hour-specific serum bilirubin measurements.
(Go to http://pediatrics.aappublications.org/
content/114/1/297 and see Figure 2.) It is the
most reliable way to assess the risk for subse-
quent development of significant hyperbili-
rubinemia requiring phototherapy.’ As such,
it is the basis for several online calculators
and apps such as BiliTool (bilitool.org).

I An alternative nomogram developed
by Varvarigou et al'? is available for predict-
ing significant hyperbilirubinemia based on
transcutaneous bilirubin assessment. (Go to
https://pdfs.semanticscholar.org/a9a6/5a9
88dba7a3442bcebcl49ad5aea5e3c35d5.pdf
and see Figure 3.) The American Academy of
Pediatrics (AAP) supports the use of either
bilirubin assessment for the screening and
diagnosis of hyperbilirubinemia in infants
>35 weeks’ gestation.’

I Neurotoxicity risk factors. It is im-
portant to differentiate the major and minor
risk factors for severe hyperbilirubinemia
from neurotoxicity risk factors, also listed in
TABLE 3.° Neurotoxicity risk factors are indica-
tive of conditions that may affect albumin
binding of bilirubin and are thought to lower
the threshold at which bilirubin may cross
the blood-brain barrier and render the brain
more susceptible to damage from bilirubin.
These neurotoxicity risk factors should be
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TABLE 2

Causes of conjugated hyperbilirubinemia’

Intrahepatic

Extrahepatic

Alagille syndrome
Hepatitis B infection
Congenital infections

* Rubella

e Cytomegalovirus

* Herpes simplex infection

¢ Toxoplasmosis

Biliary atresia (surgical emergency)
Mucous plugging
Choledochal cyst

Caroli disease

applied to the AAP phototherapy nomogram
(see Figure 3 at pediatrics.aappublications.
org/content/114/1/297) to determine the
threshold for initiation of phototherapy in
infants with hyperbilirubinemia.’

Few investigators have attempted to
define risk factors for the development of
poor neurologic outcomes associated with
hyperbilirubinemia. Evidence to date has
not allowed the determination of a specific
bilirubin level at which subsequent develop-
ment of kernicterus occurs.’ The limited data
available suggest a poor correlation between
TSB level and bilirubin-induced neurologic
dysfunction.’®

(For more on kernicterus, as well as ABE
and bilirubin-induced neurologic dysfunc-
tion [BIND], see “Why do we worry about hy-
perbilirubinemia?”%!%® on page E9.)

Diagnosis relies on TSB and/or TcB
TSB measurement is the traditional and most
widely used method for screening and diag-
nosing neonatal hyperbilirubinemia, but the
blood draw is invasive and carries a risk (albeit
low) of infection and anemia.'” Transcutane-
ous bilirubin (TcB) assessment is a noninvasive
alternative that generally correlates well with
TSB values <15 mg/dL,""* even in Hispanic,
African, and multiethnic populations.!#2!?*

I Diagnosis of hyperbilirubinemia is
made with TSB or TcB measured at >95th
percentile for age in hours. TcB levels mea-
sured at >15 mg/dL should be confirmed
with TSB measurement. Visual assessment of
jaundice should not be wused for
diagnosis, as it may lead to errors.**

I The total cost of testing is lower with
TcB ($4-$15 per patient'’) than with TSB
when the cost of supplies and personnel are
considered.?* Although more recent evidence
suggests that TcB is an acceptable way to
measure bilirubin in premature infants, no
professional society currently recommends
the use of TcB for the diagnosis of hyperbili-
rubinemia in infants® <35 weeks’ gestation.

Screening recommendations

lack consensus

There is a lack of consensus among profes-
sional societies on appropriate screening for
neonatal hyperbilirubinemia, likely due to
limited available data, necessitating expert-
driven recommendations.

The AAP recommends universal screen-
ing of infants >35 weeks’ gestation prior to
discharge with measurement of TSB/TcB
and/or clinical assessment.® The Canadian
Pediatric Society recommends universal
screening with TSB/TcB measurement in all
infants in the first 72 hours of life.*

The US Preventative Services Task Force,
however, found insufficient evidence to rec-
ommend universal screening for infants 235
weeks’ gestation.”” The main rationale for
their “I” recommendation was that although
screening can identify infants at risk of devel-
oping severe hyperbilirubinemia, there is no
clear evidence that identifying and treating
elevated bilirubin levels results in the preven-
tion of kernicterus.

The United Kingdom’s National Insti-
tute for Health and Care Excellence (NICE)
guidelines do not support universal screen-
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NEONATAL HYPERBILIRUBINEMIA

TABLE 3
Various groups of risk factors®

Major risk factors for subsequent development of severe hyperbilirubinemia

Pre-discharge TSB or TcB level in the high-risk zone on Bhutani nomogram

Jaundice observed in the first 24 hours

Blood group incompatibility, other known hemolytic disease, or elevated end-tidal carbon dioxide

Gestational age 35-36 weeks
Sibling received phototherapy
Cephalohematoma or significant bruising

Exclusive breastfeeding, particularly if nursing is not going well and weight loss is excessive

East Asian race

Minor risk factors for subsequent development of severe hyperbilirubinemia

Pre-discharge TSB or TcB level in the high intermediate-risk zone on Bhutani nomogram

Gestational age 37-38 weeks

Jaundice observed before discharge
Sibling with jaundice

Macrosomic infant of a diabetic mother
Maternal age >25 years

Male gender

Factors associated with decreased risk for subsequent development of severe hyperbilirubinemia or
significant jaundice (in order of decreasing importance)

TSB or TcB level in the low-risk zone on Bhutani nomogram

Gestational age >41 weeks
Exclusive bottle feeding
Black race

Discharge from hospital after 72 hours of life

Neurotoxicity risk factors

Isoimmune hemolytic disease
G6PD deficiency

Asphyxia

Significant lethargy
Temperature instability
Sepsis

Acidosis

Albumin <3 g/dL

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

ing either.” NICE recommends risk factor as-
sessment and visual inspection for jaundice
in all newborns and also additional physical
examination for newborns with risk factors.
NICE recommends against routine monitor-
ing of bilirubin levels in infants who do not
appear jaundiced.

All infants who appear jaundiced should
be evaluated with either risk factor assess-
ment or bilirubin measurement (TSB or TcB).

N MDEDGE.COM/JFPONLINE

Infants born to mothers who are Rh-negative
or have type O blood should have cord blood
tested for blood type, Rh status, and other
antibodies with a direct Coombs test, as ABO
and Rh incompatibility are major risk factors
for development of hyperbilirubinemia be-
cause of hemolysis.?®

I A question of cost-efficacy? Data
from a multicenter prospective clinical
trial suggest a number needed to screen of
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128,600 to prevent 1 case of kernicterus,®
making cost another important factor in the
discussion about screening for neonatal hy-
perbilirubinemia. Universal screening is as-
sociated not only with the cost of TSB and TcB
measurements, but also with the cost of pho-
totherapy, rates of which are increased with
universal screening.?***** The cost of caring
for 1 patient with kernicterus over a lifetime
is estimated at $900,000, while the estimated
cost to prevent 1 case of kernicterus with uni-
versal TSB/TcB screening is between $5.7 and
$9.2 million.*

In Canada, universal screening was found
to decrease emergency department visits for
jaundice, but did not affect rates of readmis-
sion for hyperbilirubinemia, length of hospital
stay, or rates of phototherapy after discharge.*

Phototherapy:

What kind of light, when to initiate
The initial management of hyperbilirubine-
mia is phototherapy. Light directed at the
skin converts bilirubin to lumirubin—a com-
pound that unlike bilirubin does not require
conjugation in the liver and can be directly
excreted in the urine or bile.?

Light in the blue-green spectrum
(460-490 nm) is most effective. Generally,
phototherapy is more effective the closer the
lightis to the infant and the greater the surface
area of skin the infant has exposed. There are
many different types of lights used to provide
phototherapy including fluorescent, halogen,
light emitting diode (LED), and fiber optic
lights, which are commonly used in home
biliblankets.? Fluorescent and halogen lights
are the conventional methods, but newer
LED systems are equally effective in terms of
rate of decline of serum bilirubin levels, dura-
tion of phototherapy required, and need for
exchange transfusion. Fiber optic lights work
as well as other lights in preterm infants but
are less effective in term infants. Using 2 fiber
optic lights in term infants can increase ef-
ficacy to the level of a single conventional or
LED source.*

I Phototherapy thresholds. The AAP
phototherapy curve (see Figure 3 at http://pedi-
atrics.aappublications.org/content/114/1/297)
is commonly used to determine phototherapy

thresholds for infants with hyperbilirubine-
mia. This nomogram applies TSB level and
age in hours to a “low,” “medium,” or “high”
risk curve that is determined by the presence
of neurotoxicity risk factors and gestational
age. Infants on the “medium” and “high” risk
curves have lower thresholds for initiation of
phototherapy.’ The majority of infants born at
gestational age 238 weeks being cared for in
a newborn nursery will be assigned to a low
risk curve on the AAP phototherapy nomo-
gram, as many of the neurotoxicity risk fac-
tors that elevate risk would also be reasons
for infants to be in an intensive care unit.

Online calculators and apps based on
the AAP phototherapy nomogram, such as
BiliTool (bilitool.org), offer recommenda-
tions for phototherapy thresholds and may
suggest a time interval at which to repeat bili-
rubin testing if phototherapy is not indicated.

I The additional work-up for infants re-
quiring phototherapy often includes neona-
tal blood type, direct Coombs test, complete
blood countand smear, and conjugated biliru-
bin level.® Besser et al,** however, found that
88% of infants requiring phototherapy had
normal laboratory results. They also found
that those infants with lab abnormalities
often started phototherapy before 48 hours of
age and did not have an appropriate decrease
in bilirubin after initiation of phototherapy.

I Timing. Based on this data, it is rea-
sonable to start phototherapy in term infants
who develop jaundice at >48 to 72 hours of
age without doing additional testing.

Bilirubin levels are expected to drop
about 0.5 mg/dL per hour in the first 4 to
8 hours after starting phototherapy, but if
the bilirubin measurement is not decreas-
ing as expected or is increasing, additional
work-up, with reticulocyte count, G6PD
(glucose-6-phosphate dehydrogenase) con-
centration, end-tidal carbon dioxide deter-
mination (ETCO), and a bilirubin/albumin
(B/A) ratiois warranted.® Since unbound biliru-
bin can cross the blood-brain barrier, increased
B/A ratio could theoretically be a predictor
of bilirubin-induced neurologic dysfunction
risk, but Iskander et al** found that it was not
superior to TSB levels in predicting neurotoxic-
ity. ETCO may help identify children with ongo-
ing hemolysis.?
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I The ideal time to stop phototherapy is
not clear. Expert recommendations for pho-
totherapy discontinuation thresholds range
from 4-5 mg/dL to 13-14 mg/dL,® while other
clinicians stop phototherapy when bilirubin
falls 1 to 2 mg/dL below the phototherapy
initiation threshold. Phototherapy should be
continued for any infant with signs of acute
bilirubin encephalopathy, even if the bili-
rubin level is decreasing.’ Rebound hyper-
bilirubinemia is rare, and checking rebound
bilirubin levels is not recommended.?

I Safety. Phototherapy is generally con-
sidered safe, but both short- and long-term
adverse effects are possible. Immediate ad-
verse effects include intestinal hypermobil-
ity/diarrhea and temperature instability.
Long-term issues include increased risks of
the development of childhood asthma (odds
ratio=1.4) and type 1 diabetes (odds ra-
ti0=3.79).% Phototherapy can also be distress-
ing for parents, as it requires frequent blood
draws, physical separation, and possible dis-
ruption of breastfeeding.*® One study found
a number needed to harm of 4 for cessation
of breastfeeding at 1 month in jaundiced
infants.*”

I Maintain breastfeeding. The AAP rec-
ommends breastfeeding be continued and
promoted in infants who are jaundiced and
receiving phototherapy.® Maternal interac-
tion with health care professionals who are
encouraging of this practice was the best
predictor of ongoing breastfeeding in a quali-
tative study of jaundiced infants and their
families.® Interrupting phototherapy for
up to 30 minutes to allow for breastfeeding
without eye covers has not been shown to de-
crease the efficacy of phototherapy.*®

Available evidence does not provide a
clear answer regarding whether formula sup-
plementation should be initiated in breast-
fed infants with hyperbilirubinemia. Cow’s
milk formula supplementation decreases
intestinal reabsorption of bilirubin, lower-
ing serum bilirubin levels, but may interfere
with successful breastfeeding.** The Academy
of Breastfeeding Medicine recommends an
individual discussion about formula supple-
mentation in place of, or prior to, photo-
therapy if an infant’s bilirubin is approaching
(within 2-3 mg/dL) or above the threshold

N MDEDGE.COM/JFPONLINE

Why do we worry about
hyperbilirubinemia?

When circulating bilirubin crosses the blood-brain barrier, neuro-
logic dysfunction can occur that may become permanent. Bilirubin-
induced neurologic dysfunction (BIND) occurs on a spectrum,
beginning with acute bilirubin encephalopathy (ABE) and progress-
ing to the irreversible condition—kernicterus.

The incidence of BIND has not been well documented; rates of ker-
nicterus and ABE are thought to be about 1 in 133,000, but ABE
and kernicterus are not reportable conditions in the United States,
so exact prevalence is unknown.

Acute bilirubin encephalopathy may present subtly at first with
lethargy, hypotonia, and a high-pitched cry. If not corrected, the

condition can progress to hypertonicity (with arching of the neck
and trunk), poor sucking, and irritability. It can lead to apnea,
intractable seizures, respiratory failure, and even death.™

Kernicterus was originally a term used to describe the yellow
bilirubin-staining of brainstem nuclei and the cerebellum seen on
autopsy,’® but is now synonymous with chronic bilirubin encepha-
lopathy. Kernicterus describes the irreversible manifestations of
bilirubin neurotoxicity that often present as a classical tetrad of
motor deficits (athetoid cerebral palsy), auditory processing deficits
(with or without hearing loss), oculomotor deficits (especially
impairments of upward vertical gaze), and enamel dysplasia of
deciduous teeth.” Abnormal magnetic resonance imaging of the
globus pallidus and subthalamic nuclei is often seen in infants with
kernicterus.'

for phototherapy.* Routine supplementation
with intravenous fluids or other non-milk-
based supplementation is not recommended
for infants receiving phototherapy.®

Adjuvant therapies

and exchange transfusion

Clofibrate, metalloporphyrins, and ursodiol
have been studied in the management of un-
conjugated hyperbilirubinemia as augmen-
tation to phototherapy. Honar et al* found
that ursodiol added at the time of photother-
apy initiation demonstrated a significant re-
duction in peak bilirubin levels and duration
of phototherapy in term infants with uncon-
jugated hyperbilirubinemia without any ad-
verse effects. Cochrane reviews of clofibrat®
and metalloporphyrins* found that when
added to phototherapy, these medications
significantly decreased serum bilirubin lev-
els and duration of phototherapy. However,
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there was insufficient evidence to recom-
mend their use due to inadequate data on
safety and long-term outcomes.

I Exchange transfusion. Infants with
bilirubin levels >25 mg/dL, those who are not
responding to phototherapy, and those with
evidence of acute bilirubin encephalopathy
should be treated with exchange transfu-
sion, with initiation based on an infant’s age
in hours and neurotoxicity risk factors.® Ex-
change transfusion involves taking small ali-
quots of blood from the infant and replacing
them with donor red cells until the infant’s
blood volume has been replaced twice to re-
move bilirubin and antibodies that may be
causing hemolysis. It should be carried out in
a neonatal intensive care unit due to signifi-
cant risks.

Approximately 12% of infants have a
complication from exchange transfusion in-
cluding infection, electrolyte imbalances,
thrombosis, thrombocytopenia, and nec-
rotizing enterocolitis.® The mortality rate in
neonates without hemolysis who undergo ex-
change transfusion is 3 to 4 per 1000 treated.*

Post-discharge follow-up

Infants discharged before 72 hours of life
should be seen within 2 days of discharge.
Those infants with significant risk factors
for development of severe hyperbilirubine-
mia should be seen within 1 day. Arrange-
ments for follow-up should be made prior to
discharge. Some infants discharged before
48 hours of life may require 2 follow-up visits.
If follow-up cannot be ensured for an infant
with risk factors for the development of se-
vere hyperbilirubinemia, delay of discharge
may be appropriate.’ JFP

CORRESPONDENCE

Katharine C. DeGeorge, MD, MS, Department of Family
Medicine, University of Virginia, PO Box 800729, Charlottes-
ville, VA, 22908-0729; kd6fp@virginia.edu.
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