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Neonatal jaundice is the most common physi-
ologic variant encountered in the newborn.
About 60% of healthy, term neonates, and
even a greater percentage of breastfed infants,
display some degree of visible jaundice dur-

ing the first week of life. Usually the body’s

regulatory mechanisms succeed in keeping the
serum total bilirubin (STB) level within physi-
ologic—and therefore nontoxic—concentra-
tons. Indeed, STB concentrations within this
range may even have beneficial, antioxidant
propertues.

On occasion STB levels may increase and
hyperbilirubinemia may develop. Not all degrees
of hyperbilirubinemia are necessarily dangerous,
but because of the potental for the STB to con-
anue to rise, phototherapy may be indicated,
limiting further rise of STB and preventing the
potential for bilirubin neurotoxicity. Rarely the
STB may increase to extreme levels at which
bilirubin neurotoxicity may occur. In these
cases, bilirubin, especially the unbound fraction,
may enter the basal ganglia of the brain, caus-
ing bilirubin encephalopathy and an increased
likelihood of choreoathetoid cerebral palsy
(kernicterus).

It is not our intention in this chapter to pro-
vide yet another all-inclusive treatise on neona-
tal hyperbilirubinemia. Rather, following some
background informadon regarding neonatal
hyperbilirubinemia, the reader will be presented
with some actual clinical cases drawn from the
authors’ experience. The reader is encouraged
to put himself in the “driver’s seat” and actually
manage the patients, making clinical decisions
from the options provided. The cases will pro-
vide the opportunity for in-depth discussions of
the issues at hand and focus on practical issues
with which the practitioner may come in contact
on a daily basis.
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THE SERUM TOTAL BILIRUBIN:
WHAT DOES IT REPRESENT?

CASE STUDY 1

A 36-weeks’ gestation, otherwise healthy infant
aged 48 hours was being discussed on rounds in
the regular newborn nursery. The STB was 15.0
mg/dL. The professor asked the residents what this
value actually meant.

EXERCISE 1
QUESTION

1. The following possibilities were suggested.
Which answer do you think is correct?

a. One resident plotted the result on the hour-

specific bilirubin nomogram. Because the

value was greater than the 95th percen-

tile, this_resident concluded that increased
hemolysis was present,

b. The second resident rel
Mmaturity of this infant. The bilirubin—conjugat-
ing system is clearly immature, he claimed
resultmg In the increased STB. ’ '

c. The thnrd resident claimed that the patho-
?aert\egls of the high STR value was multi-

Ctorial and that both increased bilirubin

Production and he : : _
development. Molysis contributed to its

ated to the late pre-

ANSWER

1. ¢. The third resig
en
eral physiologic of ! correctly argued that sev-

contributed to the Spl)’aathaphyswbgic processes

[
process is esponsible fo 8 claim that no single



answer (a) was incorrect in that, although
increased hemolysis may have been present,
he did not take bilirubin elimination into account.
Similarly, the second resident (b) correctly iden-
tified late prematurity and a diminished conju-
gation ability of the infant as risk factors, but
neglected to take the potential for increased
hemolysis into account.

The STB: A Delicate Balance of
Forces

Equilibrium Between Bilirubin
Production and Elimination

The STB at any point in time, in any newborn,
represents a combination of forces both affecting
heme catabolism and therefore bilirubin pro-
duction, on the one hand, and bilirubin elimi-
naton—primarily by the process of bilirubin
conjugation, but also excretion—on the other.
As long as these processes remain in equilibrium
the STB may rise to physiologic levels, but
should not pose a threat to an otherwise healthy,
term newborn.

Lack of Aforesaid Equilibrium

Should this delicate balance become compro-
mised, and bilirubin production exceeds bilirubin
elimination, the equilibrium will fail and hyper-
bilirubinemia may result. Severe hemolysis per se
or immature bilirubin conjugation in and of
itself may not necessarily result in hyperbiliru-
binemia. For example, an infant with blood type
“A,” born to 2 woman with blood type “O” who
has a positive direct antiglobulin test (DAT-
Coombs) can be expected to be a strong biliru-
bin producer, but may not necessarily develop
hyperbilirubinemia should the bilirubin conju-
gation and elimination processes be well func-
tioning. On the other hand, moderate hemolysis
coupled with immaturity of uridine diphosphate
(UDP)-glucuronosyltransferase 1A1 (UGT1A1)
(the bilirubin-conjugating enzyme)—as might
occur in a late-preterm infant—may result in
lack of equilibrium between the aforementioned
processes with resultant hyperbilirubinemia.
This concept has been likened to a sink of
water. Provided the drainage is functional, an
influx of water may not result in the water level
Increasing. Partial blockage of the drain may lead
to a high water level even with a partly opened
tap. The concept has been demonstrated math-
ematically by using a “production-conjugation
index.” The blood carboxyhemoglobin concen-
tration (corrected for inspired CO), an accurate
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index of heme catabolism, and the serum total
conjugated bilirubin (a reflection of intrahepa-
tocytic conjugated bilirubin) have been used as
components of this index. A rising index suggests
an increasing lack of equilibrium between pro-
duction and excretion.

It should be obvious that when evaluating a
hyperbilirubinemic infant, both etiologic factors
contributing to increased bilirubin production as
well as diminished bilirubin conjugation should be
taken into consideration. Given the unreliability
of hematologic indices to reflect hemolysis in the
newborn as well as the current unavailability of a
clinical tool such as end tidal CO evaluation with
which to assess the presence of ongoing hemo-
lysis, it may be difficult to distinguish disorders
associated with increased production or increased
excretion. These processes may include exagger-
ated heme catabolism (hemolysis), immaturity of
UGT1AL1, and reabsorption of bilirubin from the
bowel to reenter the bloodstream. Immaturity in
the enzyme UGT1Al may be compounded by
presence of the (TA), polymorphism in the pro-
moter of the UGT1AI gene, resulting in dimin-
ished gene expression with decreased enzyme
activity (Gilbert syndrome). Factors affecting
lack of equilibrium between the processes con-
tributing to the STB are summarized in Box 5-1.

Is the STB Predictive of Bilirubin
Neurotoxicity?

Although the STB is used as a tool for the
management of neonatal hyperbilirubinemia,
this test is actually a poor predictor of bilirubin-
related neurologic outcome. Althoughitis unlikely
that an otherwise healthy, term infant with no
obvious hemolytic condition will develop bili-
rubin neurotoxicity at STB levels <25 mg/dL,

Factors Affecting Lack of
Equilibrium Between the
Processes Contributing to
the Serum Total Bilirubin at
Any Specific Point in Time

1. Increased hemolysis

2. Immaturity of the bilirubin-conjugating
enzyme, UDP-glucuronosyltransterase
IAT (UGTIAL)

3. (I'A)n promoter polymorphism of the
encoding gene UGT1A1 with resultant
diminished gene expression and enzyme

activity (associated with Gilbert syndrome
in adults)

4. Enterohepatic circulation
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there is actually no specific cut off point at which
an STB level will, or will not, be predictive‘of
neurotoxicity. Certainly, not all newborns with
extreme hyperbilirubinemia go on to develop
choreoathetoid cerebral palsy. For example, in
one study of 140 newborns with total serum
bilirubin (TSB) values >25 mg/dL who were
treated with phototherapy or exchange trans-
fusion, overall, 5-year outcomes were not sig-
nificantly different from those of randomly
selected controls. In a reanalysis of data from
the Collaborative Perinatal Project, there was
no relationship, overall, between maximum
STB levels and subsequent intelligence quo-
tient (IQ) scores. However, in both these stud-
les presence of a positive DAT resulted in a
poorer prognosis. (See the section on Increased
Hemolysis). Similarly, of 249 newborns admit-
ted to a children’s hospital in Cairo, Egypt, all
of whom had STB values 225 mg/dL, there
was little correlation between admission STB
and acute bilirubin encephalopathy. However,
in babies with hemolytic risk factors including
Rh incompatibility, ABO incompatibility, and
sepsis, the threshold STB for identifying babies
with bilirubin encephalopathy was lower rela-
tive to those without these factors.

Predictive Value of Serum Unbound
Bilirubin

If the STB is not a good predictor of bilirubin
neurotoxicity, then what is? Several studies have
suggested that the unbound bilirubin fraction
may be a more accurate predictor of bilirubin
toxicity than STB, both in term and preterm
infants. Use of the unbound fraction as an indi-
cation for institution of phototherapy or for
performing exchange transfusion would take
much of the guesswork out of the decision-
making process and permit better identification
of the infant at risk for brain damage. Currently,
however, unbound bilirubin determinations are
unavailable for routine clinical use and STB
remains the cardinal laboratory indication used
for clinical decision-making in hyperbilirubinemic
newborns.

DEFINITIONS

Jaundice and Hyperbilirubinemia

The terms jaundice and hyperbilirubinemia are
sometimes, incorrectly, used interchangeably,
Faundice refers to a yellow coloring of the
sclera, skin, and mucous membranes, due to infil-
tration from the serum of the yellow pigment

bilirubin. Hyperbilirubinemia, on the other hap, d
relates to a measurement of SCrum or trange,”
taneous bilirubin, the result of which is greater
than an accepted norm.

The Hour-Specific Bilirubin
Nomogram

In infants 235 weeks gestation, a useful def.
nition of hyperbilirubinemia is an STB valy,
greater than the 95 th percenple for age in hoyrs
on the hour-specific bilirubin nomogram (Fig-
ure 5-1). Use of the nomogram adjusts for the
dynamic changes in STB during the first post-
natal week and obviates the concept whereby ,
single STB value is regarded as representative
of hyperbilirubinemia. Thus an infant with ap
STB value of 10.0 mg/dL at 12 hours will be
regarded as hyperbilirubinemic, whereas the
same concentration 48 hours later will have little
significance.

Variations on This Definition

Because phototherapy may be indicated in new-
borns with lower gestational ages or with risk
factors for hyperbilirubinemia, at levels of STB
below the 95th percentile, adherence to the
2004 American Academy of Pediatrics (AAP)
guidelines would prevent many newborns from
actually meeting the above criteria for hyper-
bilirubinemia. Variations on this definition, to
accommodate intervention with phototherapy,
include an STB value within 1 mg/dL of the
indications for phototherapy or an STB value

exceeding the 75th percentle on the bilirubin
nomogram,

Bilirubin Encephalopathy and
Kernicterus

The terms bilirubin encephalopathy and kernic-
terus are often used interchangeably, although
the AAP recommends differentiating these two
conditions (AAP, 2004).

Acute bilirubin encephalopathy relates to the
acute manifestations of bilirubin neurotoxicity
seen during or immediately following an epi-
sode of extreme hyperbilirubinemia. Permanent
features of choreoathetoid cerebral palsy may
ensue, but reversal, when appropriately treated,
has been reported.

Kernicterus, on the other hand, refers to cases
manifesting chronic and permanent sequelae
attributable to bilirubin neurotoxicity, the res e
of bilirubin deposition in the target nuclei of the
brain.
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FIGURE5-1 @ Nomogram for designation of risk in 2840 well newborns at >36 weeks’ gestational age with birth weight
of 22000 g or 235 weeks’ gestational age and birth weight of 22500 g based on the hour-specific serum bilirubin values.
(Reproduced with permission from Bhutani VK, Johnson L, Sivieri EM: Predictive ability of a predischarge hour-specific serum
bilirubin for subsequent significant hyperbilirubinemia in healthy term and near-term newborns, Pediatrics 103:6-14, 1999.)

PHYSIOLOGY OF BILIRUBIN
PRODUCTION AND METABOLISM

An understanding of the basic concepts of bili-
rubin physiology is necessary for perceptive
management of the hyperbilirubinemic new-
born. Because detailed reviews of this subject are
available in standard texts, only an outline will be
provided here as a basis for comprehension of the
subsequent portions of the chapter. Variations
in bilirubin physiology peculiar to the newborn,
contributing to the development of hyperbiliru-
binemia, are interspersed among the descriptions
of basic bilirubin physiology

A. Bilirubin Formation

Most heme is produced by the destruction of red
blood cells (RBC) in the reticuloendothelial sys-
tem. This substance is further catabolized to bili-
verdin by the enzyme heme oxygenase 1 and thence
to bilirubin. This bilirubin component is termed
unconjugated or indirect bilirubin. In newborn
infants, the RBC mass is larger, the turnover of the
RBC is more rapid, and this cell lifespan is shorter
than in adults. There is thus a relatively large heme
load, which contributes to the bilirubin pool.

B. Bilirubin Binding to Serum
Albumin; Unbound Bilirubin

To facilitate transportaton to the liver, indirect
bilirubin is bound to serum albumin. Thus step is
very important in our current understanding of
the pathophysiology of bilirubin neurotoxicity. As
long as the bilirubin molecule is bound to albumin
it is not expected to cross the blood-brain bar-
rier and bilirubin neurotoxicity should not occur.
Should the albumin binding sites become saturated
and the bilirubin be unable to bind unbound—or
free—Dbilirubin will result. This “tree” bilirubin
fraction can enter brain cells and cause neurotoxic
damage. Potential causes of unbound bilirubin for-
mation, raising the risk for neurotoxicity, should
always be kept in mind when evaluating an infant
for hyperbilirubinemia. Some causes ot unbound
bilirubin formation are listed in Box 5-2.

C. Bilirubin Uptake
Uptake Genes

Uptake of bilirubin into the liver is controlled
by the solute carrier organic anion transporter
protein 1B1, SLCOI1BI, also known as OATP?2.
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Hypoalbuminemia

Excessive hemolysis even in the presence of
normal serum albumin concentrations

Metabolic acidosis

Hypothermia

Sepsis

Drugs such as sulfa-containing antimicrobials

Prematurity (possible)

Varying expression of this sinusoidal transporter
gene, the result of polymorphisms, may affect
bilirubin kinetics and metabolism. For example,
the SLCO1B1*1b variant is associated with neona-
tal hyperbilirubinemia in Taiwanese newborns,
especially when coupled with UGT1A1 variants.
Similarly coexpression of SLCOIBI*Ib with
glucose-6-phosphate dehydrogenase (G-6-PD)
A- was associated with hyperbilirubinemia in a
U.S.-based study.

D. Bilirubin Conjugation and
Elimination

The Importance of UDP-
Glucuronosyltransferase 1A1 (UGT1A1)

Following uptake into the hepatocyte, indirect bil-
irubin is conjugated with glucuronic acid to form
water-soluble mono- and diglucuronides. These
complexes are known as conjugated or direct bili-
rubin. The enzyme controlling the conjugation
process is UGT1AL. Immaturity of UGT is an
important contributor to hyperbilirubinemia in
both term and preterm infants. In term infants
activity of UGT is only about 1% that of adults
and is even less in preterm infants. Developmen-
tal immaturity with slowing of the conjugation
process is actually the bottleneck of the neonatal
bilirubin elimination process and the reason why
the majority of newborns exhibit some degree of
visible jaundice during the postnatal period.

E. Excretion of Bilirubin into the
Bowel and the Enterohepatic
Circulation

Direct bilirubin is secreted into the bile and then
to the bowel from which it is excreted in the stool,
The presence of the enzyme beta-glucuronidase
in the colon deconjugates bilirubin-glucuronides
and allows the reabsorption of bilirubin into the
bloodstream, thereby adding to the bilirubin
pool. A delay in enteral feeding may diminish

intestinal motility. The resgltar}t incr.eased bo“‘el
;tqsis with decreased elimination \;;:qll allow for
e\;en greater reabsorption of bilirubin.

Genetic control of Bilirubin

Conjugation

There is increasing appreciation that the mody],.
tion of seruim bilirubin levels and the developmen,
of hyperbilirubinemia may be under genetje
control. A detailed account of all the genes con.
tributing to bilirubin metabolism is beyond the
scope of this text. Because of the practical nature
of the enzyme UGTIAL, its genetic contro] js
discussed in some detail.

The enzyme UGT1ALl is encoded by the gene
UGTIAL, n'mpped tochromosome 2q37. Thisgene
contains both a noncoding promoter region and a
coding region. Polymgrphisms of the' promoter
region, such as the (T'A), polymorphism, resule
in_diminished expression of a normally formed
enzyme and are associated with Gilbert syndrome.
On the other hand, coding area mutations, as seen
in Crigler-Najjar syndrome, result in an abnor-
mally structured enzyme that has little or no con-
jugating ability. Coexpression of genes, presence
of several mutations or polymorphisms, and inter-
actions with environmental factors may potentate
the genetic contribution to the pathophysiology of
neonatal hyperbilirubinemia. A paradigm of ths
concept may be found in the pathophysiology of
neonatal hyperbilirubinemia in G-6-PD—deficient
neonates, in which interaction between environ-
mental factors triggering hemolysis, the G-6-PD
deficiency in and of itself, and (TA), promoter
polymorphisms of UGT'1.41 (UGTLA1™28) may
potentiate severe hyperbilirubinemia.

INCREASED HEMOLYSIS: A
RISK FACTOR FOR BILIRUBIN
NEUROTOXICITY

ABO Isoimmunization

CASE STUDY 2

Baby AB was born at term gestation to a biood
group O, Rh-negative mother. The nurses thovaNt
that the baby's skin had a yellow tinge on admission
to the nur sery. The physician believed this was oY
very mild jaundice and chose to ignore it. An astut®
nurse, however, took an ST8 at age 12 hours. the
result of which was 9.2 mg/dl. ~"Not very high”
roSpc?ncie(f the physician. By the next day (28 hours)
the S18B value was 15 mg/dL.
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EXERCISE 2
QUESTION

1. What should you do?
a. Observe the baby and repeat the STB in

another 24 hours.

b. Place the infant under “intense” photother-
apy and repeat the STB in 4 to 6 hours.

¢. Begin phototherapy and proceed to exchange
transfusion.

ANSWER

1. b. However, this baby had not been correctly
managed from the outset. A baby born to a
blood group O mother may be at risk for neo-
natal hyperbilirubinemia if the infant's blood
type is A or B. The second risk factor for severe
hyperbilirubinemia was the presence of jaundice
shortly after birth, with an STB concentration
significantly above the 95th percentile. Answers
“a” and “c" are incorrect. There is no need at
this point to proceed to exchange transfusion
as the rise in STB in many cases of ABO isoim-
munization may be modulated by intense photo-
therapy and intravenous immune globulin (IVIG)
administration.

CASE STUDY 2 (continued)

One hour after commencing phototherapy, the fol-
lowing laboratory results were reported: infant’s
blood group B, Rh positive, DAT strongly positive,
Hb 12.0 mg/dL, Het 36%, reticulocyte count 6%.
The anemia in association with an elevated reticu-
locyte count suggests that hemolysis is occurring.

EXERCISE 3

QUESTION

1. After 6 hours of intensive phototherapy a repeat
STB value is 18.3 mg/dL. What should be done
now?

a. Continue phototherapy and repeat the ]
in 12 hours.

b. Exchange transfusion.

c. Administer IVIG, 1 gm/kg.

ANSWER

1. ¢

Intravenous Immune Globulin (IVIG)
in Immune Hemolytic Anemia

Answer “a” is incorrect because waiting 12 hours
might allow the bilirubin to rise to a dangerous
level. Answer “b” might be considered a valid

W
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option. However, in the authors’ experience,
administration of IVIG has virtually eliminated
the need for exchange transfusion in infants with
ABO incompatibility.

In an infant with ABO incompatibility,
administration of IVIG is very effective in pre-
venting a further increase in STB and decreasing
the need for exchange transfusion. In other iso-
immunizations such as Rh, anti-c or anti-e, IVIG
therapy may be less effective but may be instru-
mental in gaining time to allow for stabilization
of the baby before performing an exchange
transfusion. As suggested by carboxyhemoglobin
(COHDb) studies, IVIG is assumed to diminish
the rate of hemolysis (CO is a sensitive index
of heme catabolism). IVIG therapy is recom-
mended in the therapeutic armamentarium of
the AAP guideline (2004) for the management of
immune-mediated hemolysis.

In fact, this baby did respond to an infusion of
IVIG. The rise in STB was curtailed and exchange
transfusion avoided. In the authors’ experience,
an aggressive approach to ABO-incompatible
infants—including: (1) a high rate of awareness of
babies born to blood group O mothers, (2) ident-
fication of early jaundice either by visual inspection
or transcutaneous bilirubin (T'cB) examination, (3)
intense phototherapy according to AAP recom-
mendations, and (4) IVIG administration should
the STB continue to rise despite phototherapy—
has circumvented the need for exchange transfu-
sion in ABO-incompatible newborns.

Increased Risk for Bilirubin
Neurotoxicity Associated
with Hemolysis

Itis generally believed that neonates with hemolytic
disease are at a higher risk for bilirubin-induced
neurotoxicity than those whose hyperbilirubine-
mia is not caused by a hemolytc process. Whereas
an STB concentration of 20 to 24 mg/dL. may
be associated with bilirubin encephalopathy and
kernicterus in a neonate with Rh isoimmuniza-
tion, in the absence of a hemolytic conditon a
healthy, term infant will rarely be endangered by
STB concentrations in this range. The mechanism
by which hemolysis increases the risk of bilirubin
neurotoxicity has not been elucidated. Because the
unbound bilirubin fraction is thought to be that
which crosses the blood-brain barrier, it seems log-
ical that babies with hemolytic conditions should
have higher unbound bilirubin fractions than their
nonhemolyzing counterparts. However, to date,
this has not been demonstrated. A high rate of bili-
rubin production over a short period of time, typi-
cal of increased hemolysis, may offset the effect of
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bilirubin distribution into the tissues, a process that
may be effective in moderating the rise in STB.
Several studies support the concept of
increased severity of bilirubin neurotoxicity in
the face of hemolysis. In a study performed in
Turkey, a positive DAT—used as a presumed
marker of hemolysis in infants with Rh isoimmu-
nization or ABO incompatibility—was associ-
ated with lower IQ scores and a higher incidence
of neurologic abnormalities than in controls
who were not DAT positive. A similar observa-
tion was made in Norway in the 1960s; DAT-
positive males who had STB levels >15 mg/dL
for longer than 5 days had 1Q scores lower than
that observed in the general population. In the
Jaundice and Infant Feeding Study, IQ values in
the subgroup of DAT-positive infants with TSB
>25 mg/dL were significantly lower than hyper-
bilirubinemic infants who were DAT negative.
Finally, in a reanalysis of the data from the Col-
laborative Perinatal Project, the presence of a
positive DAT in infants with a TSB of 225 mg/
dL was associated with decreased IQ scores.
Recent case series of infants with kernicterus
from the United States, Canada, the United King-
dom and Ireland, and Denmark indicate that
hemolysis (with or without isoimmunization) plays
a major role in the edology of hyperbilirubinemia.
Hemolytic conditions including ABO incompat-
ibility—with or without a positive DAT—and
G-6-PD deficiency topped the list of conditions in
which a specific etiology for the hyperbilirubinemia
was determined. Although Rh isoimmunization is
rarely encountered in Western countries, the con-
dition is still rampant in developing countries.

AAP Recommendations Regarding
Babies with Hemolysis

In its 2004 guidelines, the AAP placed special
emphasis on identifying neonates with hemolytic
conditions. Infants with early jaundice (<24 hours
postdelivery) or those who have rapidly increas-
ing bilirubin values (that “jump percentiles” on
the hour-specific bilirubin nomogram) should
be suspected of having ongoing hemolysis. Simi-
larly, blood group incompatibility with a positive
DAT and other known hemolytic disease includ-
ing G-6-PD deficiency are regarded as major risk
factors for the development of severe hyperbili-
rubinemia. Although the complete blood count
may be helpful in detecting hemolysis in cases
of isoimmunization, there may be overlap in
values between babies with and without hemo-
lysis. G-6-PD deficiency is especially notorious
in demonstrating normal values in the presence
of extremely high STB values, which can only be
attributed to hemolysis.

In cases of overt hcmolysi§ inc)luding i_SOim-
mune hemolytic discase and G-6-PD deficiency,
the Subcommittee on llypcrlnllrul)gncnna of the
AAP recommends a more aggressive approgc,
to management of hyperbilirubinemia includ.
ing initiation of _photnthcrapy or pcrfnm‘,’,,tlg
exchange transfusions at loyver levels ",f STR
than in neonates without obvious hemnlyt:c etio-
logies. A list of some commonly'occurrmg etio-
logies of hemolysi§ can be seen in Box 5-3. For
a comprehensive listing the reader is referred t,

standard textbooks.

G-6-PD Deficiency: an Important
Cause of Kernicterus

CASE STUDY 3

Baby GP, male, was born at term in the United
States to parents who were recent immigrants
from Greece. The parents reported that a previous

Some Important or
Commonly Occurring
Causes of Increased
Hemolysis

IMMUNE CONDITIONS

ABO immunization
Rh (D) isoimmunization (in the main eliminated in
Westernized countries, still common in devel-
oping countries)
Some rarer immune conditions
Anti-c, anti-C
Anti-e, anti-E
Anti-Kell
Anti-Duffy
Anti-Kidd

NON-IMMUNF COoNDITIONS

Red cell enzyme deficiencies
G-6-PD deficiency
Pyruvate kinase deficiency
Other rare RBC enzyme deficiencies
Red cell membrane defecrs
Hereditary spherocytosis
Elliptocytosis :
Ovalocytosis
Stomatocytosis
Pyknocytosis
Hemoglobinopathies
Unstable hv:m«)g'lnbinopathics
General conditions
Sepsis
Extravasated blood (cephalhematoma, ecchymo-
sis, adrenal hemorrhage, subdural hemorrhage)

i




child in their family had been treated with photo-
therapy. At the time of discharge at 48 hours, the
STB was 11.0 mg/dL (the 75th percentile on the
bilirubin nomogram). The infant was breastfeeding,
apparently successfully.

EXERCISE 4
QUESTION

1. What should you advise the parents?

a. See a pediatrician within 2 to 3 days in accor-
dance with AAP guidelines (2004).

b. Assess the baby as being relatively risk free
for hyperbilirubinemia. See a pediatrician by
age 2 weeks.

c. This infant is at high risk for significant neo-
natal hyperbilirubinemia. He should be seen
by a pediatrician or medical professional

within 48 hours (or sooner should the infant
become yellow).

ANSWER

1. None of these answers is correct. This infant
was at high risk for severe hyperbilirubinemia
based on the history of a sibling requiring pho-
totherapy and the family’'s Mediterranean-basin
origin. The discharging pediatrician did not rec-
ognize those risk factors. Furthermore, the STB
was already in the intermediate high-risk zone.
Based on these risk factors in a male, breast-
feeding baby (additional risk factors), this infant
should have had a repeat STB within 24 hours.
The parents should have been instructed how to
recognize jaundice and what to do should their
infant become jaundiced.

At age 5 days the baby became lethargic
and refused to nurse. They called the pediatri-
cian’s office, but were told that the first available
appointment was at 2:00 PMm the following day.
Following onset of seizures the parents took the
baby to the emergency room. The triage nurse
exclaimed: “This baby looks like a pumpkin!”
While waiting to be seen by a doctor the baby
became apneic and required intubation and venti-
lation. Phenobarbital was administered. One and
one half hours later the STB was reported as 35
mg/dL. The baby was admitted to the pediatric
ward, an IV placed, antibiotics administered, and
phototherapy commenced. Blood was ordered
for an exchange but because of a technical prob-
lem delivery of the blood was delayed for 3 hours.

Acute Bilirubin Encephalopathy: to
Exchange or Not to Exchange?

While waiting for the blood for the exchange
transfusion, there was a discussion among the
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doctors attending to this case regarding the
efficacy of performing an exchange transfusion
in a baby who alrcady had signs of bilirubin
encephalopathy.

e One physician argued that kernicterus is
associated with irreversible neurologic
injury. Therefore why perforim a poten-
tially dangerous procedure in a baby who is
already damaged?

* Another physician stated that the early
signs of kernicterus can be reversed when
the STB is promptly lowered by exchange
transfusion and intense phototherapy.
Some of these infants develop normally.

The second physician is correct. There have been
reports of reversal of the bilirubin neurotoxic-
ity process with prompt lowering of the STB by
exchange transfusion, even in cases already mani-
festing signs of bilirubin encephalopathy. The AAP
guideline (2004) recommends immediate perfor-
mance of exchange transfusion should an infant
manifest signs of acute bilirubin encephalopathy
(see the following). The initdation of intensive
phototherapy while waiting for the blood for the
exchange transfusion is the correct response.

In the current case, exchange transfusion via
the umbilical vein was commenced 7 hours after
arrival at the emergency room. A G-6-PD assay
on blood that had been sampled prior to the
exchange transfusion was very low, indicative of
G-6-PD deficiency. On interrogation it became
apparent that a neighbor had prepared a meal
for the parents that included fava beans, a Medi-
terranean ethnic dish. The infant was probably
exposed to the bean metabolites via breast milk.

The child is currently 7 years old and has severe
choreoathetotic cerebral palsy.

Severe Hyperbilirubinemia Associated
with G-6-PD Deficiency: Unpredictable
and Unpreventable

The AAP regards kernicterus as a condition that
should generally be preventable, G-6-PD defi-
ciency, however, may be one important reason
why this goal may be unreachable. G-6-PD-
deficient newborns sometimes have acute epi-
sodes of severe jaundice in which STB rises
in an exponential fashion. These episodes are
by and large unpreventable and unpredictable
and occur even when all preventive measures
are undertaken. However, much can be done
to facilitate treatment in the early stages of the
hyperbilirubinemia, prior to the onset of signs
of bilirubin encephalopathy, or at a point when

bilirubin encephalopathy may, with appropriate
treatment, still be reversible,
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Population Subgroups at
Risk for G-6-PD Deficiency
in the United States

African American

Italian

Greek _

Middle East through India, Asia, and China

Sephardic Jews, especially of Middle Eastern
origin

Central and Western Africa

Brazil

What went wrong? This baby was inadequately
managed and evaluated by the pediatricians, both
in the hospital and in the community setting.
Many pediatricians in North America regard
G-6-PD deficiency as a condition prevalent in the
Middle East or Mediterranean basin, with little
relevance to their own practices. As a result, most
states do not screen for that disorder. Although
the indigenous distribution of G-6-PD deficiency
characteristically includes central and west Africa,
Mediterranean countries, the Middle East, and
parts of Asia, G-6-PD-deficient individuals are
widely distributed because of ease of travel and
immigration patterns. Furthermore, about 12%
of African American males are G-6-PD deficient.
Therefore, it is not surprising that G-6-PD defi-
ciency comprised more than 20% of the 125 cases
reported in the U.S.-based Kernicterus Registry
(Johnson and Bhutani), making it overrepresented
relative to estimated U.S. G-6-PD frequency. A
list of population subgroups in the United States
at risk for G-6-PD deficiency appears in Box 5-4.

Will G-6-PD Screening Help?

The parents of this baby should have been warned
of the high-risk nature of their ethnic back-
ground with regard to the potential for G-6-PD
deficiency. Had the baby been born in Greece,
G-6-PD deficiency would have been screened
for as part of a national screening program. In
the United States, except for Washington, D.C,
and Pennsylvania, there is no obligation to
screen otherwise healthy babies for this condi-
tion. Discussions, however, have commenced
regarding feasibility and whether it is economi-
cally worthwhile to establish such a program in
the United States. Screening will not prevent
the acute hemolytic attacks, but knowledge that
their infant is G-6-PD deficient, in combination
with parental education, should heighten paren-
tal and medical caretaker awareness, facilitate
earlier referral to medical centers, and result in
earlier institution of effective therapy. Because

so many infants arc df-‘fCh?:"gedhai healthy but
readmitted with bilirubin crc'e'p alopathy 5y o
around § days of age, 1t wnl)l e important to e,
form screening for G-6-PD (1ChC!cn(:y, obtain
the results, and instruct the parents prior to g
charge from the b_lrth hqspltnl: Recent Studieg
have shown that this goal is feasible. ]
Although the trigger of hemolysis in ,("6-PI)~
deficient babies can frequently not be ldcntiﬁcd,
the parents of this baby should have been warneg
of the dangers of eating fava beans, using clothe
that had been stored in naphthalene—coqtainjn
mothballs, or of using any drugs or medicationg
without consulting a doctor beforehand. The
office pediatrician should have given instructions
to his staff that an infant whose parents complain
of jaundice should be seen immediately and not
be given an appointment for the following day,
Similarly, the emergency room triage nurse who
recognized the extreme jaundice in this baby
should have recognized the emergent nature of
the situation and called a physician immediately.
An STB should have been taken immediately
and intensive phototherapy should have been
started even prior to the results becoming avail-
able. Attention to these details may have pre-
vented permanent bilirubin neurotoxicity.

Moderate G-6-PD Deficiency Associated
Hyperbilirubinemia: a Potentially High-
Risk Setup

Some G-6-PD—deficient infants develop a more
moderate form of hyperbilirubinernia. We do not
know the natural history of this form because most
infants are treated with phototherapy with good
response, although a few do requiie exchange
transfusion. The pathophysiology of the jaundice
is attributed to a moderate degree of increased
hem.e catabolism, as demonstrated by COHbe
st'udles,.in combinaton with diminished biliru-
bin conjugation, the result of presence of a pro-
moter polymorphism of UGTIA1, associated with
Gilbert syndrome. These infants are at risk for
severe hyperbilirubinemia because the imbalance
between bilirubin production and conjugation may
be exacerbated should the infant come into contact
wvlth. a hemolytic trigger, or if prematurity further
diminishes the bilirubin conjugation abiliiy-

CLINICAL EFFECTS OF SEVERE
NEONATAL HYPERBILIRUBINEMIA
Kernicterus: 3 Never Event?

i:)e:(;}cyems has been regarded as a prevt:nt?lble
ition.  However, despite formulation ©




comprehensive guidelines, in the United States,
Canada, and other countries (including the
United Kingdom, South Africa, Israel, Netherlands,
Norway), kernicterus continues to occur in
westernized countries that have well-organized
healthcare systems. Although the incidence of
kernicterus relatuve to the number of deliveries
in any developed country is low, the results of
bilirubin neurotoxicity are permanent and lon
lasting, with major implications for the affected
infants, their families, and society. The incidence
of extreme hyperbilirubinemia and kernicterus
in industrialized countries varies. Kernicterus
is esimated to occur in Denmark at the rate of
1/64,000 (1994-1998) or 1/79,000 (1994-2003);
the United Kingdom and Ireland 1/150,000;
Canada 1/43,000; and California 0.44/ 100,000.
Bilirubin toxicity—manifest as acute bili-
rubin encephalopathy (or kernicterus), or the
less devastating bilirubin auditory neuropathy
and bilirubin-induced neurologic dysfunction
(BIND)—has not been encountered by the
majority of readers. On the other hand, pediatri-
cians and neonatologists spend much of the time
devoted to newborns in predicting, monitoring,
and treating hyperbilirubinemia to prevent the
STB from reaching a neurotoxic level. Although
a comprehensive account of bilirubin neurologic
disease is beyond the scope of this chapter, we
will in the ensuing paragraphs briefly describe
the clinical picture of newborns who have been
exposed to and affected by high levels of STB.

Acute Bilirubin Encephalopathy

The early clinical features giving rise to the sus-
picion of acute bilirubin encephalopathy include
severe lethargy and poor feeding in a baby who
has previously been feeding well. Granted,
these signs are nonspecific, but in the pres-
ence of severe jaundice, encephalopathy should
be suspected and therapy instituted without
delay. Spasm of the extensor muscles results in
opisthotonus and back arching. Muscle tone
may subsequently fluctuate between hypo- and
hypertonia and a high-pitched cry frequently
develops. Impairment of upward gaze results in
€ “setting sun sign,” and tever, seizures, apnea,
and death may follow.
Associated with acute bilirubin encephalopa-
y may be a “kernicteric facies” (Figure §-2).
his includes a combination of facial features:
(1) the setting sun sign (paresis of upward gaze);
) eyelid retraction; and (3) facial dystonia. In
Combination, these signs make the infant seem
Stunned, scared, or anxious. A fourth sign, dys-
conjugate or wandering eyes, may also occur.
ecognition of this peculiar facial pattern should
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FIGURE 5-2 m Kernicteric facies in a baby with acute
bilirubin encephalopathy. Note the setting sun sign
(paresis of upward gaze), eyelid retraction, and facial
dystonia, making the infant seem stunned, scared, or
anxious. {Photograph courtesy Tina Slusher, MD frqm
that physician’s personal collection, taken in Nigeria with
mother's permission.)

help identify a baby who is developing bilirubin
encephalopathy.

Chronic Athetoid Cerebral Palsy:
Kernicterus

The clinical picture of kernicterus is a result of
deposition of bilirubin in the basal ganglia neural tis-
sue. The condition comprises a tetrad including:

* Abnormal muscle control, movements and
muscle tone typical of choreoathetoid
cerebral palsy

* Auditory processing disturbance, with or
without hearing loss

* Oculomotor impairments
paralysis of upward gaze

* Enamel dysplasia of the teeth

The description of 25 cases of kernicterus in
California portrays the dismal picture of these
chronically affected children. Seventy-two
percent were male. At a mean (SD) age of 7.8
(3.9) years, 60% did not walk at all, while only
16% were able to walk independently. Only
52% could self-feed while a teeding tube was
in place in 12%. Severe or profound mental
retardation or severe disablement was found in
36%. There was no evidence of mental retar-
dation in 32%. Epilepsy was found in 20%.
Severe, profound, or untestable visual or hear-
ing impairment was documented in 25% and
56% of cases, respectively, while only 36% had
normal hearing. Motor Spasticity was seep n

resulting in
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32%, ataxia and dyskinesis in 12% cach, and
hypotonia in 8%.

SUBTLE BILIRUBIN
ENCEPHALOPATHY AND
AUDITORY NEUROPATHY

Bilirubin-Induced Neurologic
Dysfunction (BIND)

Bilirubin encephalopathy may not always mani-
fest as the classic, chronic picture of kernicterus.
In some, BIND may result in subtle bilirubin
encephalopathy. These children have less severe
injury than those with classic kernicterus, but
nevertheless attributable to bilirubin neurotoxic-
ity. The spectrum of neurologic manifestations
in BIND includes subtle disturbances of hear-
ing; disorders of auditory processing known as
auditory neuropathy/dyssynchrony; visual motor
paralysis; and disorders of speech, language, and
cognition. Hearing loss or auditory neuropathy
may be isolated or in combination with addi-
tional manifestations of kernicterus. Cognitive
disturbances may also be evident.

Auditory Neuropathy/Dyssynchrony

Auditory neuropathy associated with hyper-
bilirubinemia is not simply a sensorineural hear-
ing loss, but rather is the result of dysfuncton
at the level of the auditory brainstem or nerve.
Thus the cochlear hair cells remain intact, but
the central auditory nerve dssue or auditory
brain center are affected. Functionally, auditory
neuropathy or dyssynchrony is characterized by
absent or abnormal brainstem auditory evoked
potentials, but with normal inner ear func-
tion. In these cases, hearing screening utilizing
automated auditory brainstem responses (test-
ing neural tissue) will identify the condition.
However, evoked otoacoustic emission studies,
reflecting cochlear hair cell inner ear function,
may be normal. If the latter technology is used
exclusively, the auditory neuropathy may remain
undiagnosed. Affected patients may be able to
hear, as documented on audiogram, and able to
respond to sounds appropriately, but their ability
to decode speech and language and interpret
the sounds they are hearing may be hindered.
Awareness of bilirubin auditory neuropathy is of
practical importance because cochlear implanta-
tion has been used successfully in children with
this condition. The mechanism by which hear-
ing is improved is not clear, because the implant
is actually proximal to the neural lesion.

Late Prematurity

CASE STUDY 4

A 36-weeks’ gestation, male breastfed infany Wiia
to be discharged at 48 hours. The predischy,,,

78 was 11.0 mg/dL. Both mOher's and intgryg
blood groups were O, Rh positive. The parer,g P

Caucasian.

EXERCISE 5

QUESTION
1. Which of the following physiCians is correct
his/her assessment? _
a2 The first pediatrician was not concerneq
because the STB was "not very high” in nig
evaluation. He claimed that th's was a case
of nonhemolytic jaundice. o
b. His partner, in contrast, insisted that ths
baby has risk factors for neonatal hyperbiliry.
binemia and requires very close observation

ANSWER
1. b.

Every STB Value Should Be Plotted
on the Bilirubin Nomogram

The pediatrician did not plot the STB value on
the nomogram. Had he done so he would have
seen that the value was on the 75th percenale
(the beginning of the intermediate high-nisk
range). Because of bilirubin dynamics dur-
ing the first week of life, it is essental to plot
each and every STB value on the nomogram. A
value of 11.0 mg/dL at 24 hours will be >95th
pgrcentile in the high-risk zone; at 48 hours it
will fall on the 75th percentile (at the begin-
ning of the intermediate high-risk zone): and
at 72 hours on the 40th percentile, bordering
on the low-risk zone. Each percentile has dif-
ferent risk values for the potential to develop
hyperbilirubinemia.

' Regardless of the actual STB value, the
higher the hour-specific percentile value the
greater the risk for subsequent hyperbilirubin¢-
mia, I*quhermorc. should more than one 8T
determination be available, the STB trajectory
;:aln be evaluated. A trajectory running parat
el 0 the graph may be repsuring, wheres
i dicatiz Ofﬁ;]'b l:lmpmg percentiles” may o
sequent h)’pcrl:;'m){v-m and predictive Ot ruw-
risk sonec bers irubinemia. Although the Oﬂc
ok zones on the nomograrm (<75th percent

raditionally been regarded as minimal of




moderate risk for subsequent hyperbilirubine-
mia, this may not be entirely true. Recent studies
of newborns readmitted for hyperbilirubinemia
determined a false negative predischarge biliru-
bin screen in many instances. For example, in
a study from Israel, of 143 readmitted infants,
4.2% had predischarge STB values in <40th per-
centile (low-risk zone) range, while 28% were in
the intermediate low-risk zone (41st to 75th per-
centile) predischarge. These and other results
support the AAP recommendation that every
newborn should be seen by a health authority
within a few days of discharge, in order to detect
those with increasing jaundice that may not be
recognized by the parents.

In this case, the pediatrician did not take some
risk factors into consideration. The conjugating
ability of <37-weeks’ gestation newborns is very
different from those born more at term gestation.
Studies have demonstrated that a combination
of predischarge STB in conjuncton with ges-
tational age has an excellent predictive accuracy
for subsequent hyperbilirubinemia (see later).
Breastfeeding and male sex further add to the
complexities of this case and compound the risk
for hyperbilirubinemia.

Physician “b” was correct. Although it is not
mandatory to observe this infant in hospital, he
should have been seen by a healthcare profes-
sional within 1 or 2 days of discharge. Whether
the jaundice in this infant was “nonhemolytic” or
not will be discussed in the following.

Jaundice Associated with
Prematurity

Jaundice in premature infants is more common
and severe than in full-term neonates. STB con-
centrations peak around the 5th day of life. The
major reason for the frequency of jaundice in
premature infants is developmental immaturity
of the UGT1A1 bilirubin-conjugating enzyme.
In premature infants, bilirubin toxicity may
occur at lower concentrations of bilirubin than
in term infants and any visible jaundice in a pre-
term infant should be closely monitored.

Jaundice Associated with
Late-Preterm Infants

Late-preterm gestation (newborns born between
34% and 36% completed weeks) is another
important risk factor for the development of
severe neonatal hyperbilirubinemia. Immature
bilirubin conjugative capacity is implied in the
potential severity of jaundice in these infants.
Coexpression of late prematurity with additional
icterogenic factors such as G-6-PD deficiency
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may enhance the jaundice. Management of late
preterm infants as if they were term infants, with
lack of appropriate follow up, may be a major
contributor to the bilirubin-related morbidity in
these cases.

“Nonhemolytic Jaundice”: Is There
Such an Entity?

In the absence of known or obvious etiologies
for neonatal hyperbilirubinemia, some pediatri-
cians have used the term “nonhemolytic jaun-
dice.” Although there may be some cases of true
nonhemolytic jaundice, such as delayed breast-
feeding jaundice or Crigler-Najjar syndrome,
categorization of hyperbilirubinemic newborns
as “nonhemolytic” may lessen the degree of
concern regarding the potential for bilirubin
neurotoxicity. The presence of a hemolytic
condition does not categorically imply that the
jaundice or hyperbilirubinemia is necessarily
due to this condition. Conversely, absence of an
identifiable etiology does not necessarily imply
that increased hemolysis is not participant to
the pathophysiology of the jaundice. Studies
utilizing the endogenous production of CO, an
accurate index of heme catabolism, have dem-
onstrated that many jaundiced babies do, in
fact, have a hemolytic component to their jaun-
dice, even in the absence of a defined hemolytc
condition.

In a multicenter, multinatonal study utilizing
end tidal CO concentration, the mean ETCOc
value for 1370 infants who completed the study
was 1.48 + 0.49 ppm. The 120 newborns who
developed any TSB concentraton >95th per-
centile on the hour-specific nomogram had sig-
nificantly higher ETCOc values than those who
did not (1.81 + 0.59 ppm vs. 1.45 = 0.47 ppm,
p <0.0001). However, high bilirubin produc-
tion was not a prerequisite for the development
of hyperbilirubinemia; some babies with low
bilirubin production did, nevertheless, develop
hyperbilirubinemia, while others with high pro-
duction rates did not. These findings confirm
that both bilirubin production and its elimina-
tion contribute to the STB at any point in tme.
Additional studies utilizing both ETCOc and
blood carboxyhemoglobin (COHbc) levels have
demonstrated greater endogenous production
of CO—reflective of increased heme catabo-
lism—in many newborns, even in the absence
of a specific diagnosis associated with increased
hemolysis. It appears, theretore, that many
hyperbilirubinemic babies do have some degree
of increased heme catabolism with the potential
of bilirubin neurotoxicity. Absence of an obvious
etiology associated with increased hemolysis for
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hyperbilirubinemia should not result in us label-
ing newborns as “nonhemolytic.” This practice
may result in a sense of complacency and lack
of recognition of babies with increased poten-
uial for bilirubin neurotoxicity. Even in cases in
which hemolysis is not a major contributor to
severe neonatal jaundice, such as Crigler-Najjar
syndrome, kernicterus may occur (see subse-
quent section).

DIMINISHED BILIRUBIN
CONJUGATION AND NEONATAL
HYPERBILIRUBINEMIA

Diminished bilirubin conjugation may result in
hyperbilirubinemia independently, or in con-
junction with increased bilirubin production.
Some important causes of hyperbilirubinemia

owing to diminished conjugation may be found
in Box 5-5.

Gilbert Syndrome

Gilbert syndrome is a benign disorder that pro-
duces mild unconjugated bilirubinemia in about
6% of adults. Both defectve hepatic uptake of
bilirubin and decreased hepatdc UGT actvity
have been demonstrated. In individuals with
Gilbert syndrome, the UGT1Al-conjugating
enzyme is normally structured, but not fully
functional because of diminished gene expres-
sion. This is because the noncoding, rather
than coding, area of the gene is affected. The
genetic basis of the reduced gene expression
lies in the presence of additonal TA repeats
[(TA); or occasionally (T'A)g instead of the wild
type (TA)s] in the TATAA box in the promoter
region of the UGTIAI gene. In and of itself,
the (TA); promoter polymorphism has not been
associated with hyperbilirubinemia, but when
in combination with additional factors, it may.
A dose-dependent genetic interaction between

Some Important Causes of
Hyperbilirubinemia Due
to Diminished Bilirubin
Conjugation

Prematurity

Late prematurity

Hypothyroidism

Pyloric stenosis

Gilbert syndrome

Crigler-Najjar syndromes types 1 and 2

G-6-PD deficiency and (TA); promoter poly.
morphism increased the incidence of a STB ¢
mg/dL dramatically when these two fact(?rs were
in combination. In Asian populatmns, Interac.
tion between G-6-PD deficiency and codin

area UGTIA1 mutations similarly exacerbare
hyperbilirubinemia, while a similar interaction
between (TA); promoter polymorphism ang
hereditary spherocytosis has been documented.

Breastfeeding and Breast Milk
Jaundice

CASE STUDY 5

A male, term infant was born to parents who were
second cousins. The infant was breastfed. The STB
was 20.0 mg/dL on day 3 of life. Phototherapy was
instrumental in decreasing the STB value and the
baby was discharged, only to be readmitted 3 days
later with an STB value of 23.0 mg/dL.

EXERCISE 6
QUESTION
1. What is the most likely diagnosis?

ANSWER

1. Atthis point, the leading diagnosis is breastfeed-
ing jaundice. Breastfeeding jaundice occurs in
the first weeks of life. Lack of proper technique,
engorgement, cracked nipples, small amounts
of milk and fatigue may impair effective breast-
feeding on the part of the mother. Neonatal fac-
tors such as an ineffective suck may be common
in late-preterm infants. The result may be inef-
fective breastfeeding, underhydration, delayed
meconium passage, and intestinal stasis leading
f(o an increased enterohepatic circulation and
Increased bilirubin load.

Breast milk jaundice, on the other hand,
occurs after the first 3 to 5 days of life. Muta-
tions of the UGT1A1 gene, including a (TA):
promoter polymorphism, or G71R mutation
can contribute to the development of hyperbili-
rubinemia in breastfed infants. More severely
affected neonates may achieve peak levels 3
high as 20 to 30 mg/dL with no obvious evidence
of hemolysis or iliness. Interruption of nursing
and substitution with formula teeding for 1 t©
3 days usually causes a prompt decline of the
TB concentration. However, it is not generaily
recommended unless TB concentrations réach
levels that might be of danger to the infant OP
resumption of nursing, the TB does not usually




increase. Most infants with breast milk jaundice
can be observed without other interventions.
However, one must determine that other pathol-
ogy is not existent. Therefore, fractionation of
bilirubin, thyroid testing and urine cultures are

indicated.

CASE STUDY 5 (continued)

In the baby presented earlier, the sequence of read-
mission and phototherapy repeated itself several
more times. Laboratory investigations revealed a
normal complete blood count (CBC), a direct bili-
rubin value of 0.3 mg/dL, normal thyroid function
tests, and no evidence of sepsis. Both maternal and
newborn blood groups were A Rh positive and the

DAT was negative.

EXERCISE 7
QUESTION

1. What if anything, should be done next?

a. This is clearly a nonhemolytic situation
and no further testing or interventions are
necessary.

b. Indirect hyperbilirubinemia in a breastfed
infant indicates breastfeeding jaundice.
Breastfeeding should be discontinued.

c. Pay attention to the family history: the par-
ents are second cousins. Consider evalua-
tion for Crigler-Najjar syndrome. Treat the
baby with phototherapy to prevent the STB
concentrations from rising to potentially neu-
rotoxic levels.

ANSWER

1. ¢

Crigler-Najjar Syndrome

Although breastfeeding jaundice should defi-
nitely be taken into consideration, it does not
usually result in in a sequence of readmissions for
hyperbilirubinemia, Response “b” was the correct
response early on in this baby’s management, but
the repeated readmissions should have made the
bre'astfeeding jaundice an unlikely possibility. The
UGT141 gene was sequenced in the baby and both
parents. A coding area mutation associated with
Crigler-Najjar syndrome was found, homozygous
In the.baby and heterozygous in both parents.
Crigler-Najjar syndrome type I is a rare auto-
Somal recessive disease characterized by analmost
complete absence of hepatic UGT activity. In this
Stuation, the coding area of the UGTIAI gene
'S mutated, resulting in a structurally abnormal
€nzyme with little or no bilirubin-conjugating
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ability. Severe unconjugated hyperbilirubinemia
may develop and kernicterus may occur should
the STB not be vigorously controlled with pho-
totherapy. The diagnosis can now be obtained
by sequencing the UGTIAI gene. Liver trans-
plant offers the only definitive treatment for the
disease; however, in a multicenter report, 7 of
21 (33%) of transplanted children had already
developed some form of brain damage by the
time of their transplantation.

Crigler-Najjar Syndrome Type Il

Crigler-Najjar syndrome type II is more common
than type I disease and is typically benign. The
occurrence of kernicterus is rare. Unconjugated
hyperbilirubinemia occurs in the first days of life,
and may be exacerbated by fasting, illness, and
anesthesia. Phenobarbital may be used as a simple
clinical tool to differentiate between type II and
type I diseases. Jaundiced neonates with type II
disease respond to oral administration of pheno-
barbital with a sharp decline in TSB, while indi-
viduals with type I disease do not respond in this
way. Beyond the neonatal period, there should be
no long-term risk of kernicterus.

Hypothyroidism

About 10% of congenitally hypothyroid neo-
nates may develop prolonged jaundice owing
to diminished UGT activity, and testing for
thyroid function should be performed in these
cases. With modern methods of routine meta-
bolic screening the diagnosis of hypothyroidism
should be available in the first week of life. The
mechanism of this association may be impair-
ment of hepatic uptake and reduced hepatic
ligandin concentrations. Absence of thyroid hor-
mone may delay hepatic bilirubin enzyme and
transport development.

EFFECT OF RACE AND ETHNIC
BACKGROUND ON NEONATAL
HYPERBILIRUBINEMIA

CASE STUDY 6

A term, male infant was born to African American
parents. There was no blood group incompatibility.
The infant was breastfed and apparently healthy.
At 50 hours of life, a predischarge STB result waé
10.0 mg/dL. When plotted on the hour-specific

nomogram, it fell between the 40th
percentiles. and 75th
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EXERCISE 8
QUESTION

1. Which of the following statements is correct?

a. This is a term infant with an STB value in the
intermediate low-risk range. He can be safely
sent home; there are no special concerns.

b. This infant is of African American heri-
tage and at very low risk for neonatal
hyperbilirubinemia.

c. This infant is at potentially high risk and
should be followed according to AAP guide-
lines with the same vigilance as a Caucasian
infant.

ANSWER

1. ¢. Within the African American population,
there is a subset at risk for extreme hyperbiliru-
binemia and kernicterus. Additional risk factors
in this case include male sex and breastfeed-
ing. Until recently, black heritage has been
regarded as protective against hyperbilirubi-
nemia. Indeed, the AAP (2004) statement on
hyperbilirubinemia lists black ethnicity among
conditions decreasing the risk of hyperbilirubi-
nemia. However, black race does seem to con-
tribute to the development of kernicterus. Black
ethnicity comprises 256% of the U.S.-based Ker-
nicterus Registry and increased the incidence
of bilirubin encephalopathy significantly in the
United Kingdom and Ireland survey. Both fig-
ures are out of proportion to the number of
black individuals in the background populations
studied. Some of these cases may be caused
by concurrent G-6-PD deficiency and others
owing to disadvantaged social status. Kernic-
terus is rampant in Western and Central Africa.
In a recent study from California, Wickremasin-
ghi and colleagues confirmed a lower incidence
of moderate hyperbilirubinemia (STB 220 mg/
dL) in black infants, an equal incidence of STB
225 mg/dL in black and Caucasian infants, and
an increased incidence of hazardous hyperbili-
rubinemia (STB 230 mg/dL) in black neonates
compared with white infants. Low-risk catego-
rization of black newborns may therefore no
longer be appropriate, and answers “a" and
"b" are incorrect.

Additional Racial Aspects
of Hyperbilirubinemia

Another population group at risk for neonatal
hyperbilirubinemia includes Asians. Some of
these may result from a high incidence of the
G71R mutation of UGT1Al, associated with
Gilbert syndrome, in Asian populations. Native

Americans arc also at high risk for neonat

hyperbilirubinena.

PREDISCHARGE EVALUATION

FOR PREDICTION OF
HYPERBILIRUBINEMIA

In normal, healthy term habies, tht{r(: 1S 2 naty.
ral progression of STB levels during the firg
days of life to 2 peak between the 3rd and $th
postnatal day. Current practice in many coun.
tries is to discharge babies around 4f5>'hours (or
earlier). This means that the peak STB will be
reached when the infant is already at home,
thereby placing much of the onus for recogni-
tion of hyperbilirubinemga on the parents and
community services. It is therefore essential
to assess each and every infant for the risk of
developing subsequent hyperbilirubinemia, and
to ensure adequate follow up to detect develop-
ing hyperbilirubinemia.

Universal Predischarge Screening

In their clarification to the 2004 AAP guideline,
Maisels and colleagues recommend universal pre-
discharge bilirubin screening, using either STB
or Tc¢B readings, to assess the risk of subsequent
severe hyperbilirubinemia. These authors sug-
gest a structured approach incorporating not
only the bilirubin reading reflected as a percendle
value, but also gestational age and the presence or
absence of risk factors. The underlying concept to
this approach is that the higher the predischarge
bilirubin percentile, the lower the gestational age
and the higher the number of risk factors, the
greater will be the chance of developing subse-
quent hyperbilirubinemia. These recommenda-
tons are not evidence-based but representative of
expert opinion. The risk factors that are most pre-
dictive of significant hyperbilirubinemia include:

* Lower gestational age
* Exclusive breastfeeding, the latter espe-
cially if the nursing is not going well and
there is excessive weight loss
Jaundice appearing in the first 24 hours
Bilirubin trajectory crossing percentiles on
the nomogram
* Hemolytic conditions

® Isoimmune hemolytic disease of the

newborn :

* G-6-PD deficiency
* Previous sibling with jaundice
* Cephalhematoma or ecchymosis
* East Asian race \



A Practical Approach to Follow Up for
Hyperbilirubinemia

In order to ease the screening process and facili-
tate formulation of a follow up plan, Maisels and
colleagues provide an algorithm for the predis-
charge screen. Those neonates who do not meet
the AAP criteria for phototherapy are followed
up according to a suggested protocol based on
predischarge STB or TcB risk zone, gestational
age 35 to 37 weeks or 238 weeks, and the pres-
ence of risk factors.

False Negative Predischarge Bilirubin
Screening

Recent studies have shown that some infants
readmitted for hyperbilirubinemia had a pre-
discharge bilirubin screen in the low-risk
zones on the nomogram indicating a false
negative screen. A predischarge screen in the
low-risk zones should not, therefore, result
in complacency, and the results of these stud-
ies confirm the AAP (2004) recommendations
that each and every newborn should be evalu-

ated for developing jaundice within 2 to 3 days
of discharge.

TRANSCUTANEOUS
BILIRUBINOMETRY

Transcutaneous bilirubinometry (TcB) is a
relatively new technology for the noninvasive,
instantaneous point-of-care estimation of the
STB. To date, this technique has been used pri-
marily in the hospital setting, but has been suc-
cessful in the outpatient setting as well. Visual
inspection, which was for decades the mainstay
for deciding which infant needs a bilirubin test
performed, is notoriously inaccurate. TcB takes
the guesswork out of bilirubinometry. TcB
should be regarded as a screening tool and not
as a substitute for actual STB measurement. The
technique involves a flash of light entering the
skin and subcutaneous tissues and measurement
of the degree of yellowness. After correcting for
skin color and hemoglobin, an estimated STB
level is reported,
TeB tends to underestimate the actual STB.
a result, in their clarification to the 2004
guidelines, Maisels and colleagues sug-
gest measuring STRB if: (1) the TcB is 70% of
the STB value recommended for phototherapy,
(2) the TcB is >75th percentile on the biliru-
' nomogram or >95th percentile on a ‘I'cB
Nomogram, and (3) a postdischarge T'cB value
15>13 mg/dL.
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TREATMENT OF NEONATAL
HYPERBILIRUBINEMIA

Newborns >35 Weeks' Gestation

The mainstays of treatment for neonatal
hyperbilirubinemia include phototherapy and
exchange transfusion. ‘The indications, tech-
nologies, and equipment required have heen
comprehensively described in the 2004 AAP
hyperbilirubinemia guidelines with clarifica-
tions in the 2009 statement of Maisels and
colleagues, and a 2011 technical report on pho-
totherapy by Bhutani and colleagues from the
Committee on the Fetus and Newborn. These
statements relate to infants 235 weeks’ gesta-
tional age and are still applicable. The indica-
tions take into account not only the actual STB
value, but also the time and percentile of this
value, gestational age, and the presence of risk
factors. The higher the STB percentile, the
lower the gestational age and the greater the
number of risk factors, the sooner treatment
should be initiated. The 2004 AAP guidelines
emphasize that in considering the indications
for phototherapy and exchange transfusion
the direct-reacting (or conjugated) bilirubin
level should not be subtracted from the total.
However, the statement continues, in unusual
circumstances in which the direct bilirubin is
>50% of the total bilirubin, and because there
are no good data to provide guidance for the-
rapy, consultation with an expert in the field is
recommended.

With regard to phototherapy, the 2009 clarifi-
cation emphasizes the need to take risk factors
for bilirubin neurotoxicity into account when
making the decision to initiate phototherapy or
perform exchange transfusion. Neurotoxicity
risk factors may increase the risk of neurologic
damage in infants with severe hyperbilirubine-

mia. Neurotoxicity risk factors listed in the state-
ment include:

¢ Isoimmune hemolytic disease
* G-6-PD deficiency

* Asphyxia

* Sepsis

* Acidosis

* Albumin <3.0 mg/dL

The statement also  provides algorithms
with  providing recommendations for man.-
agement, phototherapy, and follow up taking
into account not only bilirubin Ineasurements,

but gestation and risk factors for subsequent
hyperbilirubinemia.
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TABLES-1 Guidelines for Phototherapy and Exchange Transfusion in Premature

Infants*
A ———

e
Exchange Transfusion

Ly

Phototherapy

——\
TOTAL SERUM BILIRUBIN (mg/d()

——

GESTATIONAL AGE (WK) INITIATE PHOTOTHERAPY TOTAL BILIRUBIN (mg/dL)

<27% 5-6 :; ::
28%-29% 6-8 )

30%-31% 8-10 1816
329%-33% 10-12 15-18
34%-34% 12-14 13

Summary of Maisels and colleagues’ (2012) comments to their table:

1. The levels of STB at which phototherapy or exchange trans

evidence.

2. The wide ranges and overlapping of values between gestational age

tainty in the formulation of these guidelines.

3. Use the lower values in any given range for babies at high ris
gestational age, sepsis, clinical instability, serum albumin level <

suggestive of hemolysis.

fusion is recommended are not based on good
groups reflects a degree of uncer-

k for bilirubin neurotoxicity, including lower
2.6 gm/dL, and rapidly rising STB levels

4. Indications for exchange transfusion apply to infants in whom STB levels continue to rise to exchange

transfusion levels despite intense phototherapy.

5. Exchange transfusion is indicated in a baby who shows signs of acute bilirubin en_cephalop??hv- )
6. Use the total bilirubin value for decision-making. Do not subtract the direct or conjugated bilirubin value

from the total value.

7. Use the postmenstrual (adjusted) age for phototherapy indications.

8. Prophylactic phototherapy is an option in premature infants <26 weeks’ gestation.

9. In infants <1000 gm birth weight, because of possible increased mortality associated with phototherapy in
this group, start with lower levels of irradiance and increase this should the STB levels continue to rise.

*These guidelines were formulated by four United States—based neonatologists who were involved in the preparation

of the 2004 AAP guidelines, the 2009 clarification, or both.

From Maisels MJ, Watchko JF, Bhutani VK, Stevenson DK. An approach to the management of hyperbilirubinemia in
the preterm infant less than 35 weeks of gestation. J Perinatol 32:660-664, 2012.

Cardinal points of the 2011 Committee on
Fetus and Newborn technical report include
that the effectiveness of phototherapy light is
enhanced by:

e Emission of light in the blue-green range
that overlaps the in vivo plasma bilirubin
absorption spectrum (460 to 490 nm)

e Irradiance of at least 30 pW.cm-Z.nm-!
(confirmed with an appropriate irradi-
ance meter calibrated over the appropriate
wavelength range)

¢ Illumination of maximal body surface

* Demonstration of a decrease in total bili-
rubin concentrations during the first 4 to 6
hours of exposure

Additional points in the technical report
include measurements of serial bilirubin based
on the rate of decrease. Phototherapy should be
introduced urgently in cases of excessive hyper-
bilirubinemia and procedures should be con-
ducted while the infant receives phototherapy,
Phototherapy may be interrupted briefly for
feeding, parental bonding, or nursing care once
a decrease in serum bilirubin has been detected.
Possible rebound should be taken into consider-
ation following discontinuation of phototherapy.

Premature Infants <35 Weeks’
Gestation

Management of hyperbilirubinemia in the pre-
mature infant <35 weeks has been unclear, with
a wide range of STB values suggested for various
gestational ages and birth weights. Recently, a sug-
gested protocol—albeit non—evidence-based—has
been proposed, which will hopefully standardize
the treatment delivered to these infants (Maisels
and colleagues, 2012) (Table 5-1). Other protocols
including guidelines for premature infants include
the U.K.-based NICE guidelines, and Norwegian.
Dutch, and South African guidelines.

SPECIAL INVESTIGATIONS IN
KERNICTERUS

Magnetic Resonance linaging (MRI)
Findings in Kernicterus

The_MRl pattern seen in infants affected with
kernicterus is typified by the appearance Ot
hyperintensity (frequently bilateral) of the glo-
bus pallidus, subthalamic nucleus, and other



brainstem nucleis Tt is not known, however,
whether these MRI changes are apparent in all
cases of kernicterus and what their relationship is
to long-term prognosis. For example, in a recent
(Inn:uh;m study, MRI findings consistent with
kernicterus were initially present in three infants
who were subsequently clinically and develop-
mentally normal. On the other hand, the same
guthors report two infants with a normal MRI
carly on, but who subsequently had abnormal
dcvclnpmcnml outcomes on follow up.

Brainstem Auditory Evoked
Response (BAER)

Recause auditory neural tissue is sensitive to the
effects of bilirubin toxicity, the BAER offers an
carly and sensitive measure of bilirubin-induced
central nervous system dysfunction. Early signs
include increased latency and decreased ampli-
tude of waves Il and V, progressing to absence of
these waveforms, and finally to complete absence
of all activity. Automated brainstem response
(ABR) can be used at the bedside as a rapid test of
auditory function in a neonate with severe hyper-
bilirubinemia. Absence of automated ABR—or
change from “pass” prior to the hyperbilirubine-
mia to “refer” following its appearance—may be
indicative of bilirubin neurotoxicity.
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