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Infants With Bilirubin Levels of 30 mg/dL or More in a
Large Managed Care Organization

Thomas B. Newman, MD, MPH*1§; Petra Liljestrand, PhD*§; and Gabriel J. Escobar, MD§{

ABSTRACT. Objective. To describe the incidence, eti-
ology, treatment, and outcome of newborns with total
serum bilirubin (TSB) levels =30 mg/dL (513 umol/L).

Design. Population-based case series.

Setting. Eleven Northern California Kaiser Perma-
nente Medical Care Program hospitals and 1 affiliated
hospital.

Patients. Eleven infants with TSB levels of =30
mg/dL in the first 30 days after birth, identified using
computer databases from a cohort of 111 009 infants born
1995-1998.

Outcome Measures. Clinical data from the birth hos-
pitalization, rehospitalization, and outpatient visits in all
infants; psychometric testing at age 5 (N = 3), neurologic
examinations by child neurologists at age 5 (N = 3), or
primary care providers (N = 7; mean age: 2.2 years);
Parent Evaluation of Developmental Status (N = 8; mean
age: 4.2 years).

Results. Maximum TSB levels of the 11 infants
ranged from 30.7 to 45.5 mg/dL (525 pumol/L to 778
pmol/L; mean: 34.9 mg/dL [597 umol/L]). Four were born
at 35 to 36 weeks gestation, and 7 were exclusively breast-
fed. Two had apparent isoimmunization; the etiology for
the other 9 remained obscure, although only 4 were
tested for glucose-6-phosphate dehydrogenase deficiency
and 1 was bacteremic. None had acute neurologic symp-
toms. All received phototherapy and 5 received exchange
transfusions. One infant died of sudden infant death
syndrome; there was no kernicterus at autopsy. Two were
lost to follow-up but were neurologically normal when
last seen for checkups at 18 and 43 months. One child was
receiving speech therapy at age 3. There were no signif-
icant parental concerns or abnormalities in the other
children.

Conclusions. In this setting, TSB levels =30 mg/dL
were rare and generally unaccompanied by acute symp-
toms. Although we did not observe serious neurodevel-
opmental sequelae in this small sample, additional stud-
ies are required to quantify the known, significant risk of
kernicterus in infants with very high TSB levels. Pediat-
rics 2003;111:1303-1311; bilirubin, blood, jaundice, neona-
tal, kernicterus/prevention and control, cohort studies,
health maintenance organizations, follow-up studies, neu-
rologic examination.
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Academy of Pediatrics (AAP) recommends ex-

change transfusions for infants whose total se-
rum bilirubin (TSB) levels remain above 30 mg/dL
(513 umol/L).! Such high bilirubin levels are fortu-
nately very rare, occurring in only ~1 in 10 000 term
infants in the Northern California Kaiser Permanente
Medical Care Program (KPMCP),? the only setting
for which recent population-based incidence data are
available. Thus, most descriptions of infants with
such extreme elevations of TSB have been anecdotal
case reports, generally of infants that developed ker-
nicterus,® many of whom have had glucose-6-phos-
phate dehydrogenase (G6PD) deficiency,*~¢ sepsis,”
or other identifiable causes of hyperbilirubinemia.

Recently, however, Harris et al® reported 6 breast-
fed infants without apparent hemolytic disease who
had TSB levels above 25 mg/dL (428 umol/L), of
whom 5 had TSB levels over 30 mg/dL. Although 5
were described as having neurologic signs at the
time of their marked hyperbilirubinemia, 4 were nor-
mal at follow-up. One had hearing loss (a common
finding in children with kernicterus), whereas the
other had cerebral palsy and mental retardation with
magnetic resonance imaging findings not character-
istic of kernicterus. The patient with hearing loss was
the only one that had not received 1 or more ex-
change transfusions. The authors speculated that ag-
gressive treatment with exchange transfusions had
prevented more serious neurologic sequelae in the
other infants. Limitations of that report are that the
size and nature of the referral population from which
these cases were identified are not known and the
small sample size (N = 1) of infants not treated with
exchange transfusion.

As part of a large follow-up study to assess neu-
rodevelopmental outcome of term and near-term in-
fants with TSB levels of 25 mg/dL or more, we have
identified 11 infants born over a 4-year period in the
KPMCP with peak TSB levels of 30 mg/dL or more.
In this report, we present data on the possible etiol-
ogy of the extreme hyperbilirubinemia in these in-
fants, how they were evaluated and treated, and
presently available information on their neurodevel-
opmental outcome.

Because of the risk of kernicterus, the American

EDIée"lr"]%b(;EOXgl 111 No. 6 June 2003 1303

Downloaded from www.pediatrics.org by on N%vem


http://www.pediatrics.org

METHODS

Subjects

The cohort from which eligible cases were identified consists of
111 009 infants born alive at any of 11 Northern California KPMCP
hospitals, or 1 affiliated hospital (Alta Bates Medical Center in
Berkeley, to which KPMCP members were referred for obstetric
care beginning in 1997). There were no program-wide protocols
covering the care of jaundiced newborns during the study period.
We obtained all bilirubin levels and the dates and times they were
done on infants in this birth cohort from the Regional Integrated
Laboratory Information System.? Subjects were eligible for inclu-
sion if they had at least 1 TSB result of 30 mg/dL or more at <720
hours (30 days) of age. We excluded subjects if the elevated result
was subsequently identified by the clinical laboratory as an error
(1 infant with a TSB result of 60.0 mg/dL) or if the maximum
conjugated bilirubin was >15% of the maximum TSB (1 infant
with maximum TSB of 54 mg/dL and maximum conjugated bili-
rubin of 50.9 mg/dL).

Perinatal Clinical and Laboratory Data

Maximum TSB levels were measured using the Kodak Ek-
tachem neonatal bilirubin assay (Kodak, Rochester, NY) on 10
infants or the DuPont Automated Chemical Analyzer neonatal
bilirubin assay (DuPont Company, Wilmington, DE) on 1 infant.
The TSB levels, reticulocyte counts, and G6PD activity levels were
obtained directly from the regional laboratory information system.
Other laboratory and perinatal data were abstracted from paper
charts and electronic medical records. The readmission for jaun-
dice for case 11 was at a non-KPMCP hospital, from which we had
the discharge summary but not the entire medical record.

Modeling the Time From Maximum TSB to TSB of 20
mg/dL

The duration of hyperbilirubinemia may be relevant for prog-
nosis, and the rapidity of the fall in TSB once therapy has begun is
a measure of the success of therapy. One (admittedly arbitrary)
way to summarize this duration is by estimating the time between
the highest measured TSB level and the time when the TSB level
was estimated to reach 20 mg/dL. This was simplified by the
observation that no infant whose TSB level dropped below 20
mg/dL after their maximum TSB level had a repeat value above 20
mg/dL. We assumed a linear decline in TSB level between the last
value above 20 mg/dL and the first value <20 mg/dL, and
algebraically computed the infant’s age when the TSB was pro-
jected to have declined to 20 mg/dL, assuming a linear decline
between those 2 points. We estimated the time between the max-
imum TSB level and the first TSB level <20 mg/dL by subtracting
the 2 ages.

Follow-Up and Outcome Data

The subjects and data elements collected for this report are a
subset of those in a larger study (the Jaundice and Infant Feeding
Study; JIFee) of 5-year neurodevelopmental outcome of neonatal
jaundice and dehydration. The JIFee study was approved by the
institutional review boards for the protection of human subjects of
the University of California-San Francisco and the KPMCP.

Subjects for this study who enrolled in the JIFee study have had

(N = 3) or are scheduled to have (N = 3) complete blinded
neurodevelopmental evaluations at age 5. Blinding was accom-
plished by including a randomly selected control group and in-
structing parents not to tell examiners anything about the child’s
perinatal history. The evaluation includes the Wechsler Preschool
and Primary Scale of Intelligence, Revised” and the Beery-Buk-
tenica test of Visual Motor Integration,!® both performed by a
child psychologist, a neurologic examination by a child neurolo-
gist. In addition, research staff perform the Motor Performance
Checklist,!! a screening test designed to detect motor coordination
problems in 5-year-olds, and parents complete the Child Behavior
Checklist.!? Finally, the Parent Evaluation of Developmental Sta-
tus (PEDS) is administered annually to enrolled subjects by
blinded study staff. The PEDS is a 10-item questionnaire that asks
parents if they have any concerns about their child’s development
or behavior.!® For example, question number 5 asks, “Do you have
any concerns about how your child uses his or her arms or legs?”

Parents declining to enroll in the full JIFee study are still asked
to fill out the PEDS and Child Behavior Checklist. For families that
could not be reached, we summarized available outcome data
from KPMCP medical records. These were from well child visits,
where standard age-specific forms have a box to check to indicate
that the (presumably limited) neurologic examination was normal.
Each such form also has ~6 specific age-related developmental
tasks to check off. We considered the neurologic examination
recorded by the primary care provider normal if the normal
neurologic examination box and all age-specific developmental
task boxes were checked.

RESULTS

Of the 111 009 infants born in the 4-year KPMCP
birth cohort, 11 (0.01%) met inclusion criteria for the
study. Brief case histories of all 11 subjects are pro-
vided in the appendix.

Demographic and Birth Hospitalization Data (Table 1)

Although the lowest birth weight of the study
infants was 2900 g, 2 of the infants were born at 35
weeks gestation and 2 at 36 weeks. All 11 were born
before 40 weeks. There were 6 boys and 5 girls. Race
and ethnicity were diverse. Two of the infants had
received phototherapy during the birth hospitaliza-
tion; the other 9 were discharged on the second day
after birth (age 24—44 hours) and received photother-
apy later. Seven of the 11 infants were exclusively
breastfed; the only exclusively formula-fed infant
was the boy (no. 3) with rhesus (Rh) isoimmuniza-
tion.

Bilirubin Levels and Treatment (Table 2)

The maximum TSB levels of the infants ranged
from 30.7 mg/dL to 45.5 mg/dL; only 1 was over 40
mg/dL (mean * standard deviation = 349 * 44

TABLE 1. Demographic and Initial Birth Hospitalization Data
Case Mother’s Race/Ethnicity Gestational Birth Weight Sex Length of Feeding at Initial
Age of Mother Age (Grams) Stay (Hours) Discharge
1 28 Asian 39 3550 F 27 Breast only
2 29 Asian 39 3500 F 24 Breast only
3 25 Black 36 3100 M 144 Formula only
4 35 White 38 4350 M 28 Breast only
5 34 Asian 39 3850 M 29 Breast + formula
6 39 Black 36 3250 M 95 Breast only
7 32 White 35 2900 M 36 Breast only
8 29 Hispanic 38 3700 F 32 Breast + formula
9 24 Hispanic 39 3600 F 25 Breast only
10 26 White 35 3100 M 44 Breast + formula
11 24 White 37 3350 F 33 Breast only

F indicates female; M, male.
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TABLE 2. Bilirubin Levels of Study Infants and Response to Treatment
Case First TSB Age at Maximum TSB Age at Maximum Exchange Intravenous Estimated Time to
(mg/dL) First TSB (mg/dL) Maximum TSB Conjugated Bilirubin ~ Transfusion Fluids? TSB <20 mg/dL
(Hours) (Hours) (mg/dL) (See Text)
1 38.5 148 38.5 148 1.7 No Yes 32
2 28.1 122 324 128 1.1 No Yes 22
3 14.3 23 34.2 61 2.2 Double volume Yes 15
X1
4 >30 203 455 204 24 Double volume Yes 26
X1
5 30.6 102 35.3 108 2.1 Double volume Yes 6
X1
6 16.5 41 31.1 142 0.5 No No 6
7 14.6 33 38.2 83 3.2 No No 13
8 32.6 81 32.6 81 2.5 Double volume Yes 7
X1
9 32.1 92 32.1 92 3.6 Near double Yes 4
volume X 1
10 33.8 111 33.8 111 2.3 No No 37
11 30.7 106 30.7 106 0.7 No No Not available

mg/dL). In 3 infants (cases 3, 6, and 7) a TSB level
had been obtained >24 hours before the peak TSB.
All 3 TSB had levels well above the reported 95th
percentile for the infants” age.!* Five of the infants
were treated with a single double-volume exchange
transfusion; 7 received intravenous fluids, and all
were treated with phototherapy with at least 2 lights.
The overall average time until the TSB declined to 20
mg/dL was 17 hours, with an average of 12 hours in
those who received exchange transfusions and 22
hours in those treated only with phototherapy (P by
2-tailed t test = .17).

Additional Diagnostic Evaluation (Table 3)

Two infants had apparent isoimmunization: infant 3,
whose mother was known to be Rh-sensitized and
infant 8, who had an O/A incompatibility and a
weakly positive direct antiglobulin (Coombs) test.
Infant 1 also had an O/A incompatibility and a
progress note in her chart indicating a positive direct
antiglobulin test (DAT); however, no confirmation of
this result could be found in other paper or electronic
records. Hemoglobin levels or hematocrit values
close to the time of the maximum TSB were generally
normal, although 3 infants (numbers 4, 5, and 11)
had hemoglobin levels over 18 g/dL. Infant 6, who
had an O/B incompatibility but negative DAT, had
the lowest hemoglobin level and highest reticulocyte
count. His G6PD screen was normal and no other
evaluation for hemolysis was done. Three other in-
fants had G6PD screens that were considered nor-
mal, although the normal range provided by the
clinical laboratory for this test (4.2-10.1 U/g hemo-
globin) is low for newborns. Of 471 G6PD screens
done on this birth cohort in 1995-1998, the mean was
12.2 U/g hemoglobin with a standard deviation of
5.3 U/g hemoglobin. Blood smears were done in all
infants, but apart from polychromasia, results were
generally not helpful.

Acute Symptoms, Follow-Up, and Outcome (Table 4)
With the possible exception of infant 5, who had a

brief cyanotic episode, none of the infants showed

any signs of acute bilirubin encephalopathy. Of the

10 infants whose maximum bilirubin occurred after
the birth hospitalization, 6 had hyperbilirubinemia
noted at a regularly scheduled follow-up visit, rather
than as a result of parent-initiated visit attributed to
concern about the infant’s jaundice or behavior. In 4
of these 6 infants, the providers seeing the infants (1
lactation consultant and 3 pediatricians) sent the in-
fant home while the TSB result was still pending.

Infant 3 died of apparent sudden infant death syn-
drome; there was no evidence of kernicterus at au-
topsy (Appendix). Of the remaining 10 infants, we
have been able to reach 8, of whom 6 are enrolled in
the JIFee study, and 2 (of whom 1 lives out of state)
declined to be in the full study, but provided us with
the PEDS. The 2 infants lost to follow-up had had
regular well child visits in the KPMCP, with normal
examinations at their last recorded visits at 18
months and 3.8 years. The neurologic outcomes of
the subjects reached for follow-up also appear to be
good. The neurologist’s rating of “normal-question-
able” for subject 4, who had a TSB of 45.5 mg/dL at
8 days, was attributed to slight dysarthria when he
was asked to repeat the sound “la, la, la,” and to
some hyperreflexia. To date, 26 of the 87 infants in
the control group (30%) have had “normal/question-
able” or worse as their overall neurologic examina-
tion rating, reflecting the instruction to the study
neurologists to use the “normal/questionable” cate-
gory for findings that, while noticeable, do not cause
disability and may not even be abnormal.

Only 3 subjects have had formal intelligence test-
ing. All 3 had both verbal and performance intelli-
gence quotients in the normal range or above, al-
though in all 3 cases the “verbal” intelligence
quotient on the Wechsler Preschool and Primary
Scale of Intelligence, Revised was less than the “per-
formance” intelligence quotient (which tests nonver-
bal skills) by at least 12 points. The gap between
verbal and performance scores for case 2 is probably
because the primary language spoken in her house-
hold is Cantonese. The other outcomes also appear to
be good in these children. With the exception of
speech therapy mentioned for case 8, none of the
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Weight Loss and Laboratory Evaluation of Study Infants
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parents had concerns about their children’s growth
or development.

DISCUSSION

We found that over a 4-year period, ~1 in 10 000
newborn infants in the Northern California KPMCP
developed a documented peak TSB of 30 mg/dL or
more. This is the same as the incidence we previ-
ously reported for infants born in 1995 and 1996.2
Unlike studies where case identification has been
based on either anecdotal reports or physician-as-
signed diagnoses, our cases were ascertained from a
defined population using objective laboratory data.

To our knowledge, there are no other population-
based data on the frequency of this degree of hyper-
bilirubinemia. The incidence in the current study
may be lower than is typical in the United States,
because the infants in this cohort were born into
an integrated health system and had no financial
barriers to access care. In contrast, treatment of hy-
perbilirubinemia in the KPMCP at this time included
significantly less use of phototherapy than recom-
mended by the AAP.'> We have previously shown
that although adherence to guidelines for follow-up
after early discharge is also inconsistent in this pop-
ulation, such adherence was actually more common
among infants whose TSB exceeded 25 mg/dL than
among other infants.1¢

Although 2 of the infants had apparent isoimmu-
nization, for the other 9 no biological cause for their
extreme hyperbilirubinemia other than breastfeeding
and immaturity was determined. In at least 2 pa-
tients (cases 3 and 6), the possibility of a laboratory
error is suggested by much lower TSB levels before
and soon after the level over 30 mg/dL. Red cell
morphology was reported on 10 of the 11 infants, but
interpretation of that test is hampered by lack of
standardization across laboratories and absence of a
well-defined normal range.!” This is also true of re-
ticulocyte counts, which were done on 7 infants, and
were perhaps mildly elevated in 2. Only 4 of the
infants had G6PD screens done. Thus, lack of an
identified etiology of the extreme hyperbiliru-
binemia in these infants may be partly attributed to
difficulty interpreting nonspecific tests and lack of
diagnostic evaluation. Nonetheless, the results are
consistent with other series of infants with extreme
elevations of TSB, in which specific causes other than
isoimmunization were seldom identified.818

Extremely elevated TSB levels occur as a result not
only of biological causes, but also as a result of
jaundice not being recognized and treated at lower
levels.'¢ In 5 of the cases reported here (cases 2, 5, 6,
8, and 11), treatment and follow-up were in accor-
dance with AAP guidelines,'? and it is hard, even in
retrospect, to say that the elevated TSB was attribut-
able to health services causes. Case 2, for example,
was jaundiced to the chest 52 hours of age. Although
a TSB level at this time would have been reasonable,
it was not obviously required; jaundice to the chest
suggests a TSB level of ~7 mg/dL (range: 5-12 mg/
dL),?9 which is normal at 52 hours. In case 5, a
cephalhematoma may have been initially missed, but
because follow-up was scheduled at 4 days of age
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anyway, it is hard to argue that the management
would have been altered if it had been found. Case
6’s phototherapy was discontinued at 4 days when
the TSB was 13.9 mg/dL. Not checking a “rebound”
TSB is certainly consistent with AAP guidelines! and
the literature,?!-2% especially given a scheduled fol-
low-up visit 2 days later. In case 8, a possible A/O
incompatibility was missed, and although jaundice
was noted at 28 hours of age, no TSB requested. But
jaundice at 28 hours is not abnormal,'42425 and fol-
low-up at only 3 days of age was appropriate.

For 3 of the cases there was a clear departure from
AAP guidelines. The guidelines call for a follow-up
visit within 48 to 72 hours after discharge for infants
discharged at <48 hours of age. Cases 1 and 4 were
discharged at 26 and 27 hours with follow-up sched-
uled in 2 weeks, despite strong risk factors for jaun-
dice. The guidelines also state that the TSB should be
measured in infants noted to be jaundiced at <24
hours of age. Case 10 was noted to be jaundiced at 18
hours, and no TSB was done. A transcutaneous bili-
rubin measurement was done, and was high for the
infant’s age.

The final 3 cases, at least in retrospect, also could
probably have been prevented with different fol-
low-up or treatment decisions, but they occurred in
infants not covered by the AAP jaundice guideline.
Case 3 was not covered by the guideline because
jaundice was attributable to known Rh disease. In
this infant it would have been prudent to have begun
phototherapy and rechecked the TSB sooner after the
TSB of 14.3 mg/dL at 22 hours, but given that the
TSB increased only 3.7 mg/dL off phototherapy be-
tween 22 and 45 hours, the increase from 18 mg/dL
to 34.2 mg/dL over the following 20 hours while on
phototherapy was unexpected. Cases 7 and 10 were
not covered by the guideline because their gesta-
tional age was only 35 weeks. Case 7’s TSB of 14.6
mg/dL at 33 hours of age would have put him in the
“consider phototherapy” category if he had been
born at term.

Case 7 and the other 3 cases with gestational ages
of 35 to 36 weeks are concerning because less mature
infants are thought to be at greater risk of bilirubin
toxicity than term infants, and hence to require more
aggressive treatment and follow-up.?¢ It is notewor-
thy that all 4 infants 35 to 36 weeks had birth weights
of >2900 g, suggesting they may have been treated
as more mature than their gestational age because of
their birth weights. A growing literature reports that
infants who are moderately premature experience
significant mortality?” as well as morbidity,?8~34 par-
ticularly in the immediate neonatal period.3>-*¢ Edu-
cational efforts aimed at clinicians must emphasize
the need to base risk assessment on infants’ gesta-
tional age rather than only on their birth weight.

Similar to the outcomes recently reported by Har-
ris et al,® the outcomes of the infants in this study
were generally good. However, 2 differences are
striking. First, unlike the infants reported by Harris
et al,8 the infants in the current series generally did
not appear ill. In fact, 4 of them were sent home
while awaiting the TSB results that turned out to be
very high. Second, only 5 of 11 infants in the current
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series received exchange transfusions, compared
with 5 of 6 in the Harris study. This suggests that
there may be many infants with very high bilirubin
levels who do not receive exchange transfusions and
do well, as reported by Hansen.3” Whether the ben-
efits of exchange transfusion exceed the risks in these
infants is not known.

Although there are many case reports of infants
with TSB =30 mg/dL who developed kernicterus,
previous studies of infants with markedly elevated
TSB levels have generally found good outcomes in
those without isoimmunization. However, few have
separated out the infants with TSB =30 mg/dL. Mo-
res et al®® reported 7 infants with TSB =30 mg/dL,
but only 2 were =2000 g; these 2 infants had normal
development at age 3. Our results are also consistent
with a report of medical-legal cases,*® in which all 6
term infants who developed apparent kernicterus in
the absence of isoimmunization or other illnesses
had TSB levels =39 mg/dL, a level reached by only
1 of the infants reported here and none of the infants
reported by Harris et al.®

Our findings should not be interpreted as indicat-
ing TSB levels above 30 mg/dL as safe. Kernicterus is
devastating and continues to occur?’ and available
data with denominators are not nearly large enough
to rule out a clinically significant risk. Although most
reported cases of kernicterus in otherwise well in-
fants have occurred at TSB levels above the mid-
thirties, an infant with a TSB level in that range could
easily be or become a sick infant (eg, from infection
or G6PD deficiency). Thus, aggressive lowering of
TSB levels with phototherapy and formula®” and
preparations for exchange transfusion are indicated
in these infants.

Our study can also serve as an example of how
health services research can complement quality and
patient safety improvement efforts. Our findings are
consistent with other research, such as that of Clas-
sen et al,*! which has shown that electronic surveil-
lance is superior to traditional incident reporting. In
the course of our research, we have presented these
and other findings to all of the KPMCP Chiefs of
Pediatrics and Nursery Directors. The large covered
population and integrated information systems en-
able us not only to do this study, but to provide
clinicians and managers with a low-cost, reliable
electronic quality indicator (frequency of extremely
elevated bilirubin levels) that can be used to facilitate
ongoing quality improvement. It is unlikely that the
high bilirubin cases reported here would have been
available for review by individual quality depart-
ments, because these patients did not have problem-
atic outcomes.
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APPENDIX

Case 1

A 3550-g, 39-week girl was born in 1995 to a 28-year-old O*
Ab~ gravida (G) 3 para (P) 2 Asian mother by spontaneous vag-
inal delivery with oxytocin augmentation. She was exclusively
breastfed. There were notations of pallor at 18 hours of age and
jaundice at 23 hours. She was discharged at 26 hours and told to
follow-up at 2 weeks. She was seen again at 6 days of age for
jaundice. The weight was 5% below birth weight. The TSB was
38.5 mg/dL; the conjugated bilirubin was 1.7 mg/dL. A clinic note
indicates that the blood type was A* with a positive DAT; how-
ever, we could not confirm or refute this elsewhere in the chart or
in the electronic medical record. Her initial hemoglobin was 14.7
g/dl. She was treated with phototherapy and recovered unevent-
fully.

Case 2

A 3500-g 39-week girl was born in 1996 to a 28-year-old A* Ab~
gravida 2 para 1 Asian mother by vacuum-assisted delivery with
oxytocin augmentation. She was exclusively breastfed. She was
discharged at 24 hours of age with no jaundice or cephalhema-
toma noted. When seen by a home health nurse at 52 hours of age,
her weight was down 7%, and she was described as jaundiced to
the chest. The nurse instructed the mother about breastfeeding
and told her to return if the jaundice got worse. She returned at 5
days for worsening jaundice. At that time she was breastfeeding
10 minutes on each side every 2 to 3 hours, was having 3 to 4
yellow stools per day, and was voiding 4 to 6 times per day. On
physical examination she was awake and alert. Her weight was
down 5% from the birth weight, but increased by 2% from 3 days
before. She was jaundiced to her thighs with a TSB of 28.1 mg/dL
(conjugated bilirubin 1.0 mg/dL), so she was admitted. On repeat,
the TSB was 32.4 mg/dL. She as admitted to the intensive case
nursery and treated with intravenous fluids and triple photother-
apy. The TSB dropped to 25.1 mg/dL pre-exchange, so no ex-
change transfusion was done. She recovered uneventfully.

Case 3

A 3100-g 36-week boy was born in 1996 to a 24-year-old O,
Rh-sensitized gravida 7 para 4 black mother by vaginal delivery.
His cord blood was O*, with a positive DAT. He was noted to be
jaundiced at 18.5 hours of age. His first TSB at 22.5 hours was 14.3
mg/dL. After a TSB of 18.0 mg/dL at 40.5 hours, phototherapy
was begun at 45.5 hours. The next TSB, at 61 hours, was 34.2
mg/dL; it was 26.5 mg/dL on repeat 2 hours later. When the next
TSB 4 hours later was 28.4 mg/dL, a double-volume exchange
transfusion was done, with a decline in TSB to 17.0 mg/dL, and a
further uneventful decline with phototherapy. The infant had no
neurologic symptoms and was discharged apparently well at 6
days of age. One week later he died of apparent sudden infant
death syndrome. The coroner’s report indicated that he had been
lying face down between his father’s thighs when his father fell
asleep and was dead when his father woke up. There was no sign
of kernicterus at autopsy, which included sections through the
cortex, ventricles, basal ganglia, hippocampi, midbrain, pons, and
medulla.

Case 4

A 4350-g 38-week boy was born in 1996 to a 34-year-old O*
Ab~ gravida 8 para 7 white mother after a normal pregnancy,
labor, and delivery. There was no maternal diabetes. There was a
history of jaundice in all 6 siblings but only 1 had required
phototherapy. Some bruising was noted on initial examination.
The infant was exclusively breastfed, discharged at 27 hours, and
advised to provide frequent feedings and to expose the infant to
sunlight, although no jaundice was noted in the medical record
before discharge. He was readmitted at 8 days of age after 1 day
of poor feeding, and a few days’ history of increasing jaundice and
maternal mastitis. His TSB was then 45.5 mg/dL. On physical
examination he was awake, alert, responded vigorously to blood

drawing, and had good tone. His weight was down 2% from the
birth weight, and the blood and urine cultures were negative. He
was treated with intravenous fluids, antibiotics, and double-vol-
ume exchange transfusion and phototherapy and recovered un-
eventfully, never demonstrating any neurologic symptoms.

Case 5

A 3850-g 39-week boy was born in 1996 to a 34-year-old B* Ab—
gravida 2 para 2 Asian mother with gestational diabetes controlled
by diet, and asthma treated with albuterol and prednisone, but
otherwise normal pregnancy, labor, and delivery. The initial ex-
amination of the infant was normal except for bruising of the arm.
A caput, but no cephalhematoma was noted. He had some mild
hypoglycemia (30-35 mg/dL) and was treated with supplemental
feedings. He was discharged at 29 hours. When he returned at 4
days for a scheduled follow-up visit, the parents had noted that he
was yellow. He was then voiding 4 to 5 times per day, stooling 2
to 3 times per day, and his weight down 7% from birth weight. A
TSB was drawn and the infant was sent home. When the TSB
result of 30.6 mg/dL became available, the parents were called to
return for admission of the infant, which was delayed because of
the mother needing to pick up a sibling from school. On readmis-
sion, a cephalhematoma was noted, and the TSB had risen to 35.3
mg/dL, 6 hours after the first TSB. There was a brief cyanotic spell
shortly after admission. The infant was treated with albumin, a
double-volume exchange transfusion, and triple phototherapy for
4 days. A blood culture on admission positive for Staphylococcus
epidermis, which was believed to be a contaminant. An electroen-
cephalogram and a head ultrasound during this admission were
normal, and the admission and recovery were otherwise unevent-
ful.

Case 6

A 3250-g 36-week boy was born in 1997 to a 39-year-old O*
Ab~ gravida 2 para 2 black mother after a normal pregnancy,
labor, and delivery except for a slight preterm labor. He was
exclusively breastfed. The infant was noted to be jaundiced at 38
hours and had a TSB of 16.5 mg/dL at 40 hours; a DAT was
negative. A G6PD screen was sent and subsequently found to be
normal, although this result was not available until after the
readmission. The infant was treated with phototherapy for 2 days,
then discharged at 4 days of age after the TSB had fallen to 13.9
mg/dL. When he returned for a scheduled follow-up visit at 6
days to check TSB, he was very jaundiced. He was then breast-
feeding every 2 hours and voiding. His weight was down 8% from
the birth weight. He was sent home, but called back for immediate
readmission when a TSB of 23.2 mg/dL was reported. The next
bilirubin level, 6.7 hours later (1 hour after triple phototherapy
was started), was 31.1 mg/dL. After only 4 hours, the TSB was
down to 20.8 mg/dL and the treating physicians questioned
whether the 31.1 value had been spurious. Further recovery was
uneventful. At a well child visit at 3 years and 10 months of age,
neurologic examination and developmental milestones were nor-
mal, and the child was noted to be “very articulate.” This note
indicated that the family was planning to move abroad shortly
thereafter.

Case 7

A 2900-g 35-week boy was born in 1997 to a 32-year-old O*
Ab~ gravida 1 para 1 mother after a normal pregnancy, and
vacuum delivery with oxytocin augmentation. The infant was O+,
DAT negative. He was noted to be jaundiced at 21 hours of age,
and had a TSB of 14.6 mg/dL at 33 hours of age. He was seen for
follow-up by a lactation consultant at 80 hours of age for latching
problems attributable to engorgement. His weight was then down
12% to 2557 g, and he was “slightly yellow.” A TSB level was
drawn, lactation support was given, and the infant was sent home.
When the TSB came back 37.2 mg/dL, the family was called and
the infant admitted to the Intensive Care Nursery for an exchange
transfusion. A repeat TSB on admission was 38.2 (conjugated
bilirubin, 3.1 mg/dL). The infant did not look ill in any way.
Attempts to place an umbilical catheter were unsuccessful, but the
TSB dropped very rapidly with triple phototherapy—down to 23
mg/dL 7 hours after admission, and to 15 mg/dL 18 hours after
admission—so no exchange transfusion was done. He was fol-
lowed in a special clinic for infants at high developmental risk for
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17 months, and was at that age noted to have excellent develop-
ment.

Case 8

A 3700-g 38-week girl was born in 1997 to a 28-year-old O Ab~
gravida 3 para 3 Hispanic mother after a pregnancy complicated
by gestational diabetes treated with diet, but otherwise normal
pregnancy, labor, and delivery. He was breast- and bottle-fed. An
older sibling had required phototherapy for jaundice. Jaundice
was noted at 28 hours, but no TSB was sent. At a routine follow-up
at 3 days of age, he was breastfeeding every 2 to 3 hours, voiding
3 to 5 times per day, and stooling once per day. Jaundice to the
legs was noted, and the weight was down 9% to 3374 g. The TSB
was then 32.6 mg/dL. He was admitted, treated with a single
double-volume exchange transfusion, triple phototherapy, and
intravenous fluids and recovered uneventfully.

Case 9

A 3600-g 39-week girl was born in 1997 to a 24-year-old O+ Ab~
gravida 2 para 2 Hispanic mother after an uncomplicated preg-
nancy, labor, and delivery. She was exclusively breastfed. She was
noted to be jaundiced at 18 hours of age. The chart indicates that
“jaundice meter readings” (generally done in pairs) at that time
were 14 and 14. According to staff at the birth hospital, the TSB
level in mg/dL was generally 5 to 8 less than the jaundice meter
reading. The infant was found to be O* with a negative DAT. She
was discharged at 20 hours of age, to follow-up in 2 days. She was
not seen until 3 days, when she was breastfeeding every 2 hours,
10 minutes each side, with “5 wet diapers.” Her weight was down
4% from the birth weight, a urine-specific gravity was 1.005, and
she was “very jaundiced.” The TSB level was 32.1 mg/dL and she
was immediately readmitted. A repeat TSB after 3.5 hours of
phototherapy was 26.7 mg/dL. A near double-volume exchange
transfusion was done and she was treated with double photother-
apy. Although the infant was not febrile or ill-appearing, a blood
culture was drawn through the umbilical vein at the time of the
exchange transfusion and was positive for S aureus. A lumbar
puncture was negative. Pustules appeared in the groin area on the
second hospital day. She was further treated with antibiotics and
phototherapy and recovered uneventfully.

Case 10

A 3100-g 35-week boy was born in 1998 to a 26-year-old A*
Ab~ gravida 4 para 2 white mother after premature rupture of
membranes and oxytocin induction, but otherwise uncomplicated
pregnancy, labor, and delivery. Bruising and pallor were noted on
the initial examination. “Minimal” jaundice was noted at 33.5
hours of age. He was discharged at 43 hours of age (a Friday) on
breast milk, with a scheduled follow-up visit Monday, or earlier if
needed. He was noted to be jaundiced when he returned for the
scheduled follow-up on Monday. He was then 4.5 days old, and
his weight was down 10%. A TSB was drawn, and the infant was
sent home, but he was called back when the TSB came back 33.8.
He was admitted and treated with formula and double photother-
apy. After 12 hours, the TSB had dropped to 26.7 mg/dL; the TSB
then hovered in the low 20s an additional 25 hours on double
phototherapy. His neurologic examination was normal through-
out the hospitalization. The family moved out of state and was
hard to reach, but finally responded to telephone calls by one of
the investigators (T.B.N.). Hence, the PEDS was not blinded on
this infant. The only parental concern at age 3.7 years was that his
speech is difficult to understand, for which he is receiving speech
therapy.

Case 11

This 3350-g 37-week girl was born in 1998 to a 24-year-old A*
Ab~ gravida 2 para 2 white mother after a pregnancy complicated
by preterm labor, treated with terbutaline for 5 weeks. Delivery
was vaginal without instruments. A scalp bruise but no cephal-
hematoma was noted at birth. She was discharged at 33 hours of
age, exclusively breastfeeding. When seen for routine follow-up at
2 days of age, her weight was down 13%, she was mildly jaun-
diced, and not breastfeeding well, which was attributed to the
mother’s flat nipples. She was told to continue breastfeeding but
to supplement with either expressed breast milk or formula, and
to come for weight check in 2 days. At the time of the follow-up
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visit (age 4 days), breastfeeding was going poorly. The infant had
breastfed only once the previous night and her mother was pump-
ing milk and feeding her with a dropper. The infant had urinated
twice that day. Her weight was down 17% from birth weight. The
TSB was 30.7 mg/dL. She was treated with oral formula and
expressed breast milk, and admitted to an outside hospital. On
admission, the TSB was 26.1 mg/dL, which then decreased to 16.9
mg/dL the next morning with just phototherapy. At a well child
visit at 13 months of age there were no maternal concerns and
neurologic examination and developmental milestones were nor-
mal.

REFERENCES

1. American Academy of Pediatrics, Provisional Committee for Quality
Improvement and Subcommittee on Hyperbilirubinemia. Practice
parameter: management of hyperbilirubinemia in the healthy term
newborn. Pediatrics. 1994;94:558 -565

2. Newman TB, Escobar GJ, Gonzales V, Armstrong MA, Gardner M,
Folck B. Frequency of neonatal bilirubin testing and hyperbilirubinemia
in a large health maintenance organization. Pediatrics. 1999;104:
1198-1203

3. Ebbesen F. Recurrence of kernicterus in term and near-term infants in
Denmark. Acta Paediatr. 2000;89:1213-1217

4. MacDonald M. Hidden risks: early discharge and bilirubin toxicity due
to glucose-6-phosphate dehydrogenase deficiency. Pediatrics. 1995,96:
734-738

5. Washington EC, Ector W, Abboud M, Ohning B, Holden K. Hemolytic
jaundice due to G6PD deficiency causing kernicterus in a female new-
born. South Med ]. 1995;88:776-779

6. Stanley TV. A case of kernicterus in New Zealand: a predictable trag-
edy? | Paediatr Child Health. 1997;33:451-453

7. Penn AA, Enzmann DR, Hahn JS, Stevenson DK. Kernicterus in a full
term infant. Pediatrics. 1994;93:1003-1006

8. Harris MC, Bernbaum JC, Polin JR, Zimmerman R, Polin RA. Develop-
mental follow-up of breastfed term and near-term infants with marked
hyperbilirubinemia. Pediatrics. 2001;107:1075-1080

9. The Psychological Corporation. Manual for the Wechsler Preschool and
Primary Scale of Intelligence-Revised (1989). New York, NY: Harcourt
Brace Jovanovich, Inc; 1989

10. Beery K. The Beery-Buktenica Developmental test of Visual-Motor Integra-
tion 4th Edition, Revised (1997) Manual. Parsippany, NY: Modern Curric-
ulum Press; 1997

11. Gwynne K, Blick B, Hughes L. Use of an occupational therapy motor
performance checklist by a school health service: a pilot study. | Paediatr
Child Health. 1996;32:386-390

12. Achenbach T. Manual for the Child Behavior Checklist/4-18 and 1991
Profile. Burlington, VT: University of Vermont, Department of
Psychiatry; 1991

13. Glascoe FP. Evidence-based approach to developmental and behav-
ioural surveillance using parents’ concerns. Child Care Health Dev. 2000;
26:137-149

14. Bhutani VK, Johnson L, Sivieri EM. Predictive ability of a predischarge
hour-specific serum bilirubin for subsequent significant hyperbiliru-
binemia in healthy term and near-term newborns. Pediatrics. 1999;103:
6-14

15. Atkinson LR, Escobar GJ, Takayama JI, Newman TB. Phototherapy use
in jaundiced newborns in a large managed care organization: do phy-
sicians adhere to the guideline? Pediatrics. 2003;111:e555-e561

16. Newman TB, Xiong B, Gonzales VM, Escobar GJ. Prediction and pre-
vention of extreme neonatal hyperbilirubinemia in a mature health
maintenance organization. Arch Pediatr Adolesc Med. 2000;154:1140-1147

17. Newman TB, Easterling MJ. Yield of reticulocyte counts and blood
smears in term infants. Clin Pediatr. 1994;33:71-76

18. Eberhard BA, Drew JH. Perhaps vigintiphobia should only apply to
infants with Rhesus erythroblastosis. | Paediatr Child Health. 1994;30:
341-344

19. American Academy of Pediatrics, Committee on Fetus and Newborn.
Hospital stay for healthy term newborns. Pediatrics. 1995;96:788-790

20. Kramer LI. Advancement of dermal icterus in the jaundiced newborn.
Am ] Dis Child. 1969;118:454—-458

21. Yetman R], Parks DK, Huseby V, Mistry K, Garcia J. Rebound bilirubin
levels in infants receiving phototherapy. | Pediatr. 1998;133:705-707

22. Del Vecchio MT, Benstock MA, Sundel ER. Bilirubin rebound. | Pediatr.
1999;135:531-532

23. Lazar L, Litwin A, Merlob P. Phototherapy for neonatal nonhemolytic
hyperbilirubinemia. Analysis of rebound and indications for discon-
tinuing therapy. Clin Pediatr. 1993;32:264-267

om www.péﬁ g%csorg by on November 29, 2009


http://www.pediatrics.org

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Davidson L, Merritt K, Weech A. Hyperbilirubinemia in the newborn.
Am | Dis Child. 1941;61:958-980

Alpay F, Sarici SU, Tosuncuk HD, Serdar MA, Inanc N, Gokcay E. The
value of first-day bilirubin measurement in predicting the development
of significant hyperbilirubinemia in healthy term newborns. Pediatrics.
2000;106(2). Available at: www.pediatrics.org/cgi/content/full/106/
2/el6

Maisels MJ, Baltz RD, Bhutani VK, et al. Neonatal jaundice and ker-
nicterus. Pediatrics. 2001;108:763-765

Kramer MS, Demissie K, Yang H, Platt RW, Sauve R, Liston R. The
contribution of mild and moderate preterm birth to infant mortality.
Fetal and Infant Health Study Group of the Canadian Perinatal Surveil-
lance System. JAMA. 2000;284:843-849

Boyce TG, Mellen BG, Mitchel EF, Jr, Wright PF, Griffin MR. Rates of
hospitalization for respiratory syncytial virus infection among children
in Medicaid. ] Pediatr. 2000;137:865-870

Cummins SK, Nelson KB, Grether JK, Velie EM. Cerebral palsy in four
northern California counties, births 1983 through 1985. | Pediatr. 1993;
123:230-237

Hagberg B, Hagberg G, Beckung E, Uvebrant P. Changing panorama of
cerebral palsy in Sweden. VIII. Prevalence and origin in the birth year
period 1991-94. Acta Paediatr. 2001;90:271-277

Blair E, Stanley FJ. Cerebral palsy in low-birthweight infants: implica-
tions for perinatal care. Pediatr Perinat Epidemiol. 1992;6:298-310
McCormick MC, Shapiro S, Starfield BH. Rehospitalization in the first
year of life for high-risk survivors. Pediatrics. 1980;66:991-999

Niven GR, Harding JE. Another outcome of neonatal intensive care: first

34.

35.

36.

37.

38.

39.

40.

41.

year mortality and hospital morbidity. | Paediatr Child Health. 1995;31:
137-142

Cavalier S, Escobar GJ, Fernbach SA, Quesenberry CP, Jr, Chellino M.
Postdischarge utilization of medical services by high-risk infants: expe-
rience in a large managed care organization. Pediatrics. 1996;97:693—699
Escobar GJ, Joffe S, Gardner MN, Armstrong MA, Folck BF, Carpenter
DM. Rehospitalization in the first two weeks after discharge from the
neonatal intensive care unit. Pediatrics. 1999;104(1). Available at:
www.pediatrics.org/cgi/content/full/104/1/e2

Carpenter DM, Armstrong MA, Gardner MN, Folck F, Verdi JE, Escobar
GJ. Rehospitalization in infants of 33-36 weeks’ gestational age [ab-
stract]. Pediatr Res. 2000;47:304A

Hansen TW. Acute management of extreme neonatal jaundice-the po-
tential benefits of intensified phototherapy and interruption of entero-
hepatic bilirubin circulation. Acta Paediatr. 1997,86:843—846

Mores A, Fargasova I, Minarikova E. The relation of hyperbilirubinemia
in the newborn without isoimmunization to kernicterus. Acta Paediatr.
1959;48:590-602

Maisels M, Newman T. Kernicterus in otherwise healthy, breast-fed
term newborns. Pediatrics. 1995;96:730-736

Johnson LH, Bhutani VK, Brown AK. System-based approach to man-
agement of neonatal jaundice and prevention of kernicterus. | Pediatr.
2002;140:396-403

Classen DC, Pestotnik SL, Evans RS, Burke JP. Computerized surveil-
lance of adverse drug events in hospital patients. JAMA. 1991;266:
2847-2851

PEER REVIEW IN THEORETICAL PHYSICS

“The mercilessness with which theoretical physicists tear apart one another’s
work is part of a tradition some trace back to ]J. Robert Oppenheimer, who left the
Manhattan Project after World War II to preside over the intellectual free-for-all at
the Institute for Advanced Study in Princeton.

With so much at stake—puzzling out the fundamental secrets of the universe—
members of this intense subculture share a blazing intolerance for sloppy thinking.
Every assumption is analyzed, every chain of inference unhooked link by link,
scrutinized and snapped back together again.”

Johnson G. New York Times. November 17, 2002

Noted by James W. Kendig, MD
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