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First of two parts
Jaundice in a newborn

Answers to questions about a common
clinical problem
BY M. JEFFREY MAISELS, MB, BCH

Yes, jaundice in newborns is prevalent and usually
benign, but these babies still need ongoing clinical assessment.
Part 1 reviews ways to identify and categorize hyperbilirubinemia
and sets out the testing that a jaundiced
infant requires.

Approximately two of three newborns appear jaundiced
at some time during their first week of life. This means
that you and your colleagues manage jaundiced infants
almost every day. The great majority of these infants
remain healthy but, in rare cases, serum bilirubin rises
to a level that is toxic to the central nervous system.
Hyperbilirubinemia occurs when the liver cannot
clear enough bilirubin from the plasma. In the new-
born, the problem is often a combination of excessive
bilirubin formation (some degree of hemolysis) and
impaired conjugation leading to unconjugated (indi-
rect-reacting) hyperbilirubinemia. When excretion of
bilirubin glucuronide (conjugated bilirubin) is im-

paired, conjugated (direct-reacting) hyperbilirubine-
mia or cholestatic jaundice develops.

Why a jaundiced newborn warrants ongoing clini-
cal attention, how to identify those infants at risk of
severe hyperbilirubinemia, and how to prevent biliru-
bin toxicity are the topics of discussion in this two-part
review. That discussion deals almost exclusively with
indirect hyperbilirubinemia.

Why be concerned about jaundice?

Be concerned because kernicterus—the chronic seque-
lae of bilirubin encephalopathy—continues to occur.
For this reason and others listed in Table 1, jaundice
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requires l:he attention of
approach to the ]aundlced newbom needs to change—
in terms of both increased vigilance and how we inter-
pret bilirubin measurements.

Kernicterus has not disappeared. As described in the
article on page 57 of this issue,* kernicterus still occurs,
and it produces the same devastating neurodevelop-
mental consequences—a choreoathetoid type of cere-
bral palsy (CP), hearing loss, gaze palsy, and dental dys-
plasia. Bhutani and colleagues identified
125 infants in the kernicterus registry who
were born between 1984 and 2002 and dis-
charged as “healthy newborns” but who
nonetheless developed kernicterus.’

At least 5,000 new cases of cerebral palsy
occur annually in the US, and at least 80%
of these cases result from prenatal events
over which neither you nor the obstetri-
cian have any control.” Kernicterus, al-
though a rare event, is one cause of CP, but
it is almost always preventable through a rel-
atively straightforward process of identifica-
tion, monitoring, follow-up, and treatment of the jaun-
diced newborn. You are obliged to monitor and treat
many jaundiced infants—most of whom will be per-
fectly normal—to prevent substantial harm to a few.

Early discharge increases the risk of severe hyper-
bilirubinemia. 1t is not entirely clear why kernicterus
still occurs—its incidence may have even increased in
the last decade or two—but an important factor
appears to be the early discharge of term and near-term
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‘newborns (35 to 38 weeks' gestation) coupled with

lack of follow-up within two days of discharge.

Total serum bilirubin (TSB) generally peaks at 3 to 5
days. In the era when newborns remained in the hospi-
tal for three or four days, jaundiced babies could be
identified before discharge and appropriately evaluated
and treated. Today, because almost all infants delivered
vaginally leave the hospital before they are 48 hours
old, the bilirubin level peaks when they are home.

Figure 1 makes it clear that, at discharge, the TSB in
these infants is likely to be going in one direction: up.

Some studies have found that early discharge itself is
associated with an increased risk of significant hyper-
bilirubinemia.®® In light of the connection between
severe jaundice and early discharge, the American
Academy of Pediatrics (AAP) provides stringent guide-
lines for follow-up of all infants discharged before 72
hours of age.”
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FIGURE 1
Establishing “risk zones” of hyperbilirubinemia

nursery. Protocols should
specify  conditions in
which a nurse may order a
TSB or transcutaneous
bilirubin (TcB) level with-
out consulting a physi-
cian.” An example is the
infant who is jaundiced

in newhorns

This nomogram is based on hour-specific serum bilirubin values obtained from 2,840
well newborns =36 weeks’ gestational age with a birth weight =2,000 g or =35 weeks’
gestational age with a birth weight =2,500 g. The serum bilirubin level was obtained
before discharge. The risk zone in which the value fell predicted the likelihood of

a subsequent bilirubin level being abnormal—that is, exceeding the 95th percentile.

betore age 24 hours. All
such infants require a TSB
or TcB measurement. "’

25

Visual identification.
Jaundice is detected by
blanching the skin with

20

— | digital pressure, thus re-
vealing the underlying

95th percentile

High Risk Zone “~~1"~"T

1 | : P
75th percentile | - color of the skin and sub-

&n

cutaneous tissue. Perform

—
]

--."-'-.-.-.

40th percentile

P

this assessment in a well-
lit room or, ideally, in day-
light by a window.

Serum Bilirubin (mg/dl)

Jaundice progresses in
a cephalocaudal fashion,
starting in the face and

LLLLLL

||||||||||||||||||||||

moving to the trunk and
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Reproduced with permission from Pediatrics, Vol. 103, pages 6-14, ©1999 by the AAP (Bhutani VK')

Shorter stays necessitate a change of thinking on our
part: TSB levels must be interpreted in terms of the
infant’s age in hours, not days. Although clinicians often
discuss jaundice occurring on Day 2 or Day 3, Figure 1
illustrates how misleading this thought process can be."
A TSB level of 8 mg/dL at 24.1 hours is above the 95th
percentile and calls for evaluation and close follow-up,
whereas the same level at 47.9 hours is in the low-risk
zone and probably warrants no further concern. Yet,
both values occur on Day 2.

How should a jaundiced newhorn
be identified and categorized?

Table 2 lists the essential components of a protocol for
identifying and monitoring jaundiced babies in the
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face have a lower biliru-
bin level than those with
— jaundice on the chest or
abdomen, but the range
of TSB levels within these
zones of observation is wide.'*"” The ability to esti-
mate a bilirubin level from the degree of jaundice also
varies widely and can lead to errors,"'* especially in a
darkly pigmented infant. For example, the difference
between a TSB level of 5 mg/dL and 8 mg/dL cannot
be perceived by the eye; yet, at 24 hours, that 3 mg/dL
is the difference between a TSB level below the 40th
percentile and one at the 95th percentile (Figure 1).
One response to the difficulty of determining, visual-
ly, the degree of hyperbilirubinemia is for you to meas-
ure the TSB or TcB on every baby before discharge and
repeat the measurement at different intervals, depend-
ing on the level.” This should certainly be done if you
have doubts about the severity of the jaundice or if fol-
low-up cannot be assured. The AAP recommends that

108 120 132 144




iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

you use a low threshold to measure TSB in the nursery
and at follow-up visits, and that all infants discharged
at less than 72 hours of age be seen within two days
after discharge—earlier if multiple risk factors are pres-
ent (these are discussed in Part 2 of this article).’

Noninvasive bilirubin measurement. Two hand-held
electronic devices are available for measuring TcB: the
BiliChek (Respironics) and the Konica Minolta/Air-
Shields JM-103 (Air-Shields). These instruments pro-
vide an estimate of the TSB level, and a close correlation
has been found between TcB and TSB measurements in
different racial populations.'>'°

TcB measurement is not a substitute for TSB meas-
urement, but TcB can be helpful. When used as a
screening tool, TcB measurement can help you to
answer the questions “Should 1 worry about this
infant?” and “Should 1 obtain a TSB on this infant?”"
The measurements are also useful for following the
trend of the TcB."

Because the goal is to avoid missing a significantly
elevated TSB, you might set a value for the TcB meas-
urement (based on the infant’s age in hours and other
risk factors) above which a TSB level will always be
obtained. For example, you could obtain a TSB when-
ever the TcB is above the 75th percentile.

In a study at my institution in which the JM-103
device was used, the TSB was 3 mg/dL or more greater
than the TcB measurement in only five of 849 infants,"
So, another approach would be to add 3 mg/dL to the
TcB measurement; if this level (TcB +3) would change
your management, then measure the TSB. This
approach is likely to detect babies with significant
hyperbilirubinemia while sparing many infants and
families the trauma, cost, and inconvenience of having
a laboratory measurement of serum bilirubin.

Measuring TcB significantly reduces the need to
measure TSB in the nursery,'® office, and clinic. At my
hospital, we use the JM-103 to screen infants daily. In
2004, only 9% of some 6,000 infants in our well-baby
nursery required a TSB measurement.

When is the TSB level considered abnormal?

Based on studies in the US that found that 95% of
infants had a TSB concentration of 12.9 mg/dL or
lower,'"* 12.9 mg/dL (the 95th percentile) became the
accepted upper limit of “physiologic jaundice.” More
recent studies show that, by 96 hours, TSB levels of
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about 17 mg/dL represent the 95th percentile,'** sug-

gesting that the incidence of jaundice in newborns is
increasing. One likely reason for the change in the TSB
level in the US population is the great increase in the
percentage of mothers who are breastfeeding at dis-
charge—up from 30% in the 1960s to 65% today (more
on the role of breastfeeding later).”

The TSB level varies considerably, depending on
race, prevalence of breastfeeding, and other genetic and
epidemiologic factors.”** Although it can be difficult to
agree on what, precisely, a “normal bilirubin level” is,
one finding is clear: Because the TSB is constantly chang-
ing in the hours to days after birth, you must interpret all
TSB levels in terms of the infants age in hours.

The nomogram on page 36 makes identification of an
abnormal TSB relatively straightforward: It is one that is
either above the 95th percentile or is increasing and
crossing percentiles.'’ The 95th percentile in this nomo-
gram also represents a rate of rise of TSB of 0.2 mg/d1/hr.
Infants whose TSB is increasing by more than this rate
should be evaluated and followed closely.

Plotting the infant’s TSB level on the nomogram tells
you when to be concerned about the TSB level (inves-
tigate the cause, follow up with additional TSB meas-
urements) and quantifies the risk of the infant develop-
ing, or not developing, hyperbilirubinemia. (In fact, the
nomogram is most accurate in predicting which infants
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are not at risk of significant hyperbilirubinemia.)
Numerous studies have confirmed its value as a tool for
predicting hyperbilirubinemia,'"*** and the AAP
recommends it for this purpose.’

Should pediatricians seek a cause
for jaundice?

In some infants, the cause of hyperbilirubinemia is
apparent from the history and physical examination;
most jaundiced infants don't need a workup for you to
determine why they are jaundiced. Moreover, most of
the laboratory tests usually performed to find a cause for
jaundice (CBC, hematocrit, reticulocyte count, blood
smear) are neither sensitive nor specific and, more often
than not, do not lead to a specific diagnosis.”” Two
exceptions are the blood type and the direct Coombs
test (also called the direct antiglobulin test, or DAT),
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which  identifies antibodies
attached to the red blood cell.

Jaundice in a severely bruised
infant needs no further explana-
tion; nor do you need to investi-
gate why a 4- to 5-day-old breast-
fed infant whose TSB level is 15
to 16 mg/dL is jaundiced. In both
cases, though, follow-up is neces-
sary to ensure that the bilirubin
level does not become excessive.

In an otherwise normal infant,
look for a cause of the jaundice if:
® the infant needs phototherapy
or
@ the TSB level is rising rapidly
and crossing percentiles and this
cannot be readily explained by
the history and physical exami-
nation.

If the TSB is above the 75th
percentile, perform a blood type
and Coombs test, and consider
ordering a test for glucose-6-phos-
phate dehydrogenase (G6PD)
deficiency—particularly if the
infant is black. Because Coombs-
positive isoimmune hemolytic
disease’'”* and G6PD deficiency
are risk factors for bilirubin ence-

phalopathy, you need to know whether either is present
so that phototherapy or exchange transfusion can be
initiated at a lower bilirubin level than usual. Table 3
lists the indications for laboratory evaluation of a jaun-
diced infant.

By measuring end-tidal carbon monoxide in our
nursery, we have found an increased rate of bilirubin
production in four of five infants whose TSB level is
above the 75th percentile. This suggests that some
degree of hemolysis is a contributing factor in most
infants who are jaundiced in the first few days after
birth.”

Most pediatricians do not readily consider a diagno-
sis of GO6PD deficiency, but you should—particularly in
a jaundiced black infant. In the US, 11% to 13% of
African-American newborns are GOPD deficient and, in
the kernicterus registry, G6PD deficiency was consid-
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ered the cause of the hyperbilirubinemia in 26
of 125 infants (21%).” Because black infants as
a group have a much lower TSB level than
white infants do,” significant jaundice in a
black infant should always raise the possibility
of G6PD deliciency.

When is the direct bilirubin level
cause for concern?

If the TSB is less than or equal to 5 mg/dL, con-
sider a direct (or conjugated) bilirubin level
greater than 1 mg/dL to be elevated. For a TSB
level greater than 5 mg/dL, consider a direct
bilirubin of more than 20% of the TSB to be
abnormal. If the laboratory measures conjugat-
ed bilirubin using the Vitros system (Ortho-
Clinical Diagnostics), consider any value greater
than 1 mg/dL to be abnormal. Other clinical lab-
oratory instruments measure direct-reacting
bilirubin.*

Elevated direct-reacting bilirubin could be an
early sign of urinary tract infection; you should
perform urinalysis and urine culture. Also con-
sider undertaking a sepsis evaluation. Late
onset of jaundice (after the fourth or fifth day)
has also been associated with urinary tract
infection.™

Any sick baby who is jaundiced should have
total and direct bilirubin measured to identify
cholestasis. And, even though it is common to
see a 3-week-old, jaundiced breastfed infant
(some healthy, breastfed infants have indirect
hyperbilirubinemia for as long as three months™), any
infant still jaundiced at 3 weeks of age must have total and
direct bilirubin measured at least once to identilty cholesta-
sis and to diagnose biliary atresia early. Results of the
newborn thyroid and galactosemia screens should also
be checked in these infants.’

How can hyperbilirubinemia be prevented?

The poor caloric intake associated with inadequate
breastfeeding appears to play an important role in the
development of severe hyperbilirubinemia.*****

*Direct-reacting bilirubin reacts directly with diazotized sulfanilic acid (1.e., without the addi-
tion of an accelerating agent), whereas conjugated bilirubin is bilirubin that has been made

water soluble by binding with glucuronic acid in the liver. For clinical purposes, these meas-
urements are interchangeable.
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FIGURE 2

The more frequent the breastfeeding, the
lower the likelihood of hyperbilirubinemia

To gauge the effect of breastfeeding frequency during the first day
of life on the bilirubin level, 140 healthy, term, breastfed Japanese
newborns, gestational age >37 weeks, were studied. All infants
roomed-in with their mother, who recorded the frequency of
breastfeeding. TcB measurements were obtained on Day 6 using
the original Minolta-Air Shields jaundice meter, which provides

a TcB index, not a TSB level. In this population, a TcB index of 23.5
is equivalent to a TSB of 15 mg/dL. The number of infants with TcB
indexes >23.5 on Day 6 is shown in relationship to the number of
times the mother breastfed her infant in the first 24 hours of life.
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Adapted with permission from Pediatrics, Vol. 86, pages 171-175, ©1990 by the AAP (Yamauchi Y*')

Although exclusive breastfeeding is a well-document-
ed risk factor for dehydration,” it is unlikely that
dehydration itself is an important cause of hyperbiliru-
binemia. It is much more likely that caloric depriva-
tion and its effect on the enterohepatic circulation of
bilirubin is primarily responsible for severe hyper-
bilirubinemia.*

You need to help mothers breastfeed successfully, and
the first step toward achieving successful breastfeeding is
to make sure that mothers nurse their infants at least
eight to 12 times a day for the first several days. Increasing
the frequency of nursing decreases—significantly—the
likelihood of hyperbilirubinemia (Figure 2).%*#

A breastfed infant who is receiving enough milk
should have four to six thoroughly wet diapers in 24
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Jaundice
can lead mented breastfed infants experience
their maximum weight loss by the third
to errors. @ or fourth day and, on average, lose 6.1%

+ 2.5% (SD) of their birth weight**#
Infants who lose 10% of birth weight or
more require evaluation and close moni-

hours and pass three or four stools a day by the fourth
day.** The stools should have changed from meconium
to mustard-yellow, mushy stools by the third or fourth
day. Weight loss must also be monitored. Unsupple-

toring.

The goal, of course, is to prevent escalation of the
TSB level and the potentially serious consequences.
Severe hyperbilirubinemia is the focus of Part 2 of this
article, which begins on page 41. _]

REFERENCES

1. Maisels MJ, Baltz RD, Bhutani VK, et al: Neonatal jaundice and kernicterus. Pediatrics
2001;108:763

2. Bhutani VK, Johnson LH, Keren R: Treating acute bilirubin encephalopathy—before it's
too late. Contemp Pediatr 2005:22(4):57

3. Bhutani VK, Johnson LH, Maisels MJ, et al: Kernicterus: Epidemiological strategies for
its prevention through systems-based approaches. J Parinatol 2004;24:650

4. Kuban KC, Leviton A: Cerebral palsy. N Eng J Med 1994;330:188

5. Sunshine P: Epidemiology of perinatal asphyxia, in Stevenson DK, Sunshine P (eds):
Fetal and Neonatal Brain Injury. Oxford University Press, 1997, pp 3-23

6. Johnson LH, Bhutani VK, Brown AK: System-based approach to management of
neonatal jaundice and prevention of kernicterus. J Pediatr 2002;140:396

7. MacDonald M: Hidden risks: Early discharge and bilirubin toxicity due to glucose-6-
phosphate dehydrogenase deficiency. Pediatrics 1995;96:734

8. Maisels MJ, Kring EA: Length of stay, jaundice and hospital readmission. Pediatrics
1998;101:995

9. Maisels MJ, Baltz RD, Bhutani V, et al: Management of hyperbilirubinemia in the new-
born infant 35 or more weeks of gestation, Pediatrics 2004,114:297

10. 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 1999;103:6

11. Newman TB, Liljestrand P, Escobar GJ: Jaundice noted in the first 24 hours after birth
in a managed care organization. Arch Pediatr Adolesc Med 2002;156:1244

12. Kramer LI: Advancement of dermal icterus in the jaundiced newborn. Am J Dis Child
1969;118:454

13. Bhutani VK, Meloy LD, Poland RL, et al: Correlation of clinical assessment of jaun-
dice, transcutaneous and total serum Dbilirubin levels in healthy term and near-term
infants. Pediatr Res 2004;55:591A

14. Moyer VA, Ahn C, Sneed S: Accuracy of clinical judgment in neonatal jaundice. Arch
Pediatr Adolesc Med 2000;154:391

15. Maisels MJ, Ostrea EJ Jr, Touch 5, et al: Evaluation of a new transcutaneous biliru-
binometer, Pediatrics 2004;113:1628

16. Rubaltelli FF, Gourley G.R., Loskamp N, et al: Transcutaneous bilirubin measurement;
A multicenter evaluation of a new device. Pediatrics 2001:107:1264

17. Schumacher R: Transcutaneous bilirubinometry and diagnostic tests: “The right job
for the tool.” Pediatrics 2002;110:407

18. Maisels MJ, Kring E: Transcutaneous bilirubinometry decreases the need for serum
bilirubin measurements and saves money. Pegiatrics 1997;99:599

19. Hardy JB, Drage JS, Jackson EC: The First Year of Life: The Collaborative Perinatal
Project of the National Institutes of Neurological and Communicative Disorders and
Stroke. Baltimore, Md., Johns Hopkins University Press, 1979

20. Maisels MJ, Gifford K: Normal serum bilirubin levels in the newborn and the effect of
breast feeding. Pediatrics 1986,78:837

21. Newman TB, Escobar GJ, Gonzales WM, et al: Frequency of neonatal bilirubin testing
and hyperbilirubinemia in a large health maintenance organization. Pedfatrics
1999;104:1198

22. Ryan AS, Wenjun M3, Acosta A: Breastfeeding continues to increase into the new
millennium. Pediatrics 2002;110:1103

23. Stevenson DK, Fanaroff AA, Maisels MJ, et al: Prediction of hyperbilirubinemia in

40 CONTEMPORARY PEDIATRICS Vol 22, No. §

near-term and term infants. Pediatrics 2001;108:31

24. Maisels MJ: Jaundice, in Avery GB, Fletcher MA, MacDonald MG (eds): Neonatology:
Pathophysiology and Management of the Newborn. Philadelphia, JB Lippincott, 1999,
p 765

25. Bhutani V, Gourley GR, Adler S, et al: Noninvasive measurement of total serum biliru-
bin in @ multiracial predischarge newborn population to assess the risk of severe hyper-
bilirubinemia. Pediatrics 2000;106:e17

26. Alpay F, Sarici S, Tosuncuk HD, et al: The value of first-day bilirubin measurement in
predicting the development of significant hyperbilirubinemia in healthy term newborns.
Pediatrics 2000;106:e16

27. Carbonell X, Botet F, Figueras J, et al: Prediction of hyperbilirubinaemia in the healthy
term newborn. Acta Paediatr 2001;90:166

28. Kaplan M, Hammerman C, Feldman R, et al: Predischarge bilirubin screening in glu-
cose-6-phosphate dehydrogenase-deficient neonates. Pediatrics 2000;105:533

29. Newman TB, Liljestrand P, Escobar GJ: Combining clinical risk factors with bilirubin
levels to predict hyperbilirubinemia in newborns. Arch Pediatr Adolesc Med
2005;159:113

30. Newman TB, Easterling MJ, Goldman ES, et al: Laboratory evaluation of jaundiced
newborns: Frequency, cost and yield. Am J Dis Child 1990;144:364

31. Ozmert E, Erdem G, Topcu M: Long-term follow-up of indirect hyperbilirubinemia in
full-term Turkish infants. Acta Paediatr 1996,85:1440

32. Newman TB, Liljestrand P, Jeremy R, et al: 5-year cognitive, neuromotor, and behav-
ioral outcomes of newborns with total serum bilirubin levels of 25 mg/dL or more. JAMA
2005; in press

33. Maisels MJ, Kring EA, Shumer D: What is the contribution of hemolysis to jaundice in
the normal newborn? Pediatr Res 2002;51:329a

34. Garcia FJ, Nager AL: Jaundice as an early diagnostic sign of urinary tract infection in
infancy. Pediatrics 2002:109:846

35. Auerbach KG, Gartner LM: Breast feeding and human milk: Their association with
jaundice in the neonate. Clin Perinatol 1987,14:89

36. Maisels MJ, Gifford K, Antle CE, et al: Jaundice in the healthy newborn infant: A new
approach to an old problem. Pediatrics 1988;81:505

37. Maisels MJ, Newman TB: Kernicterus in otherwise healthy, breast-fed term new-
borns. Pediatrics 1995;96.730

38, Escobar GJ, Gonzales VM, Armstrong MA, et al: Rehospitalization for neonatal dehy-
dration; A nested case-control study. Arch Pediatr Adolesc Med 2002;156:155

39. Gourley GR: Breast-feeding, neonatal jaundice and kernicterus. Semin Meonatol
2002;7:135

40. De Carvalho M, Klaus MH, Merkatz RB: Frequency of breastteeding and serum biliru-
bin concentration. Am J Dis Child 1982,136:737

41. Yamauchi ¥, Yamanouchi |; Breast-feeding frequency during the first 24 hours after
birth in full-term neonates. Pediatrics 1990:86:171

42. Lawrence RA: Management of the mother-infant nursing couple. A breastfeeding
guide for the medical profession, ed 4. 5t. Louis, Mo., Mosby, 1994, pp 215-277

43, Gourley GR, Kreamer B, Arend R: The effect of diet on feces and jaundice during the
first three weeks of life. Gastroenterology 1992;103:660

44, Maisels MJ, Gifford K: Breast feeding, weight loss and jaundice. J Pediatr
1983;102:117



