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WHAT’S KNOWN ON THIS SUBJECT: Hemolytic disease, sepsis,\
and low gestational age are thought to increase the risk for
bilirubin encephalopathy in term/near-term newborns with

severe hyperbilirubinemia, but data describing relative risks of
these factors are lacking.

WHAT THIS STUDY ADDS: Infants with no neurotoxicity risk
factors may tolerate high bilirubin levels without adverse effects
(=31 mg/dL in this study). Beyond a threshold bilirubin of
=25 mg/dL, the risk for encephalopathy in infants with Rh
hemolytic disease or sepsis depends primarily on unidentified
modifying factors.

- /

OBJECTIVE: To evaluate the importance of total serum bilirubin (TSB)
and neurotoxicity risk factors in predicting acute bilirubin encephalop-
athy (ABE) at admission or posttreatment bilirubin encephalopathy
(BE) in infants with severe hyperbilirubinemia.

METHODS: We analyzed the interaction of TSB and risk factors as de-
terminants of ABE and BE in 249 newborns admitted with a TSB level of
=25 mg/dL (427 wmol/L) to Cairo University Children’s Hospital during
a 12-month period.

RESULTS: Admission TSB values ranged from 25 to 76.4 mg/dL. Forty-
four newborns had moderate or severe ABE at admission; 35 of 249
infants (14%) had evidence of BE at the time of discharge or death. Rh
incompatibility (odds ratio [OR]: 48.6) and sepsis (OR: 20.6) greatly
increased the risk for ABE/BE, but TSB levels correlated poorly with the
presence or absence of ABE or BE in these patients. The OR for ABO
incompatibility with anemia (1.8) was not statistically significant. Low
admission weight (OR: 0.83 per 100 g) increased the risk for BE, espe-
cially when other risk factors were present. The threshold TSB level
that identified 90% of infants with ABE/BE was 25.4 mg/dL when neuro-
toxicity risk factors were present. In contrast, neurotoxicity was first
observed at a TSB level of >31.5 mg/dL in 111 infants without risk
factors.

CONCLUSIONS: Newborns without risk factors for neurotoxicity have a
higher tolerance for hyperbilirubinemia than recognized in manage-
ment guidelines. The risk for BE in hemolytic disease varies with etiol-
ogy. The great variation in response to TSB indicates that biological
factors other than TSB values are important in the pathogenesis of BE.
Pediatrics 2011;128:925—e931
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Management guidelines of the Ameri-
can Academy of Pediatrics (AAP) for
jaundiced term and near-term infants
to prevent kernicterus are based on
the premise that total serum bilirubin
concentration (TSB), modified by sev-
eral “risk factors for neurotoxicity,” is
the best available predictor of risk for
kernicterus.! Exchange transfusion is
indicated when phototherapy fails to
reduce the bilirubin load to <25 mg/dL
in healthy term infants or to lower
thresholds in the presence of neuro-
toxicity risk factors. These consensus-
generated risk factors include: prema-
turity, isoimmune hemolytic anemia,
glucose-6-phosphate dehydrogenase
deficiency, significant lethargy, sepsis,
acidosis, asphyxia, temperature insta-
bility, and hypoalbuminemia (<3
g/dL). There are limited data to rank
the risk factors. In healthy term infants
without risk factors, admission or
peak TSB between 25 and 30 mg/dL
(428-513 wmol/L) is associated with
little risk of developing bilirubin en-
cephalopathy (BE) 212

This study reports the predictive rela-
tionships of TSB obtained at admission
and several risk factors for (1) acute
bilirubin encephalopathy (ABE) at ad-
mission and/or (2) evidence of resid-
ual BE after treatment (ie, at time of
discharge or death) in 249 term and
late-preterm infants with TSB levels of
=25 mg/dL.

METHODS

We examined the early outcomes of
newborns with severe neonatal hyper-
bilirubinemia admitted to the NICU of
Cairo University Children’s Hospital
during a 12-month period from Janu-
ary 1, 2008, to December 31, 2008. The
study was approved by the ethics com-
mittee of the Pediatrics Department,
Cairo University. Inclusion criteria in-
cluded infants with estimated gesta-
tional age >34 weeks or admission
weight of >2000 g, postnatal age of 14
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days or younger, and TSB level of =25
mg/dL. The entry TSB level was not ad-
justed to accommodate risk factors.
All patients were born at outside birth-
ing facilities, and early discharge,
failure to screen for blood type incom-
patibility, and no scheduled postdis-
charge follow-up contributed to de-
layed diagnosis of hyperbilirubinemia.
After admission, patients were man-
aged according to the unit protocol
based on the recommendations of the
AAP for the management of severe neo-
natal jaundice.

A neurologic evaluation was per-
formed within 12 hours of admission
by using the bilirubin-induced neuro-
logic dysfunction protocol (BIND
score)*' based on clinical signs char-
acteristic of ABE.'*'5 The examiner was
blinded to the admission TSB value.
The BIND score is used to evaluate
changes in mental state, muscle tone,
and cry; a score of 0 to 3 was assigned
to each category, yielding a total score
ranging from 0 to 9. A total BIND score
of 1to 3 suggests subtle, normally re-
versible, toxic effects of bilirubin.
Scores of 4 to 6 are thought to reflect
moderate but potentially reversible
ABE, whereas scores of 7 to 9 indicate
severe ABE likely to result in long-term
disability from kernicterus.%'3

Test variables included admission TSB
level, admission weight, Rh incompati-
bility, ABO incompatibility, and pres-
ence of sepsis. An admission weight of
=2700 ¢ was used as a surrogate for
<38 weeks’ gestational age (identified
as a risk transition by the AAP'). Peri-
natal documentation of gestation and
birth weights was rarely available. The
direct antiglobulin test was not reli-
able, so analysis of Rh and ABO incom-
patibility was stratified for associated
anemia (hematocrit < 35%). A diagno-
sis of sepsis required clinical signs of
sepsis associated with (1) a positive
blood culture result and/or (2) an ele-
vated C-reactive protein level, total leu-

kocyte count of >25 000 or <5000, an
immature-to-total neutrophil ratio of
>0.2, or a band count of >10%. In our
outcome analysis, we defined ABE as a
BIND score of 4to 9 on admission (pre-
treatment), and BE as neurologic evi-
dence of bilirubin encephalopathy'#1
at the time of death or discharge.

We used multiple logistic regression to
examine the effects of TSB, and neuro-
toxicity risk variables on adverse ef-
fects/outcomes (ABE, BE) in our de-
fined cohort (TSB =25 mg/dL).
Goefficients of the predictors in the lo-
gistic regression models can be di-
rectly interpreted as odds ratios (ORs)
for specified outcomes, adjusting for
effects of other predictors. The posi-
tive predictive value (PPV) of TSB levels
25 mg/dL in subcohorts stratified for
neurotoxicity risk factors was calcu-
lated. The interaction of risk factors
with TSB level was examined using TSB
values dichotomized at =30 mg/dL
and by receiver operator characteris-
tic (ROC) curve analysis. Using ROC
analysis, we estimated the threshold
values of TSB that identified 90% of pa-
tients with ABE or BE in each risk cate-
gory and determined the false-positive
rate (FPR) (1-specificity). Confidence in-
tervals for thresholds and FPR were cal-
culated by bootstrapping using 1000 rep-
lications.’® The R statistics program was
used to run the analyses,'” and the ROCR
package was used to generate the ROC
figures (R Foundation for Statistical
Computing, Vienna, Austria).'s

RESULTS

Cohort Description

Demographic characteristics and ad-
mission TSB are summarized in Table
1. Atotal of 121 patients had TSB levels
ranging between 25 and 29.9 mg/dL
(median: 27 mg/dL), and 128 patients
had TSB levels ranging between 30 and
76.4 mg/dL (median: 34 mg/dL). Gesta-
tional age and birth weights were not
documented, but admission weights



TABLE 1 Subject Characteristics

TABLE 2 Suspected Causes of Hyperbilirubinemia
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Characteristic n % Suspected Cause n %
Gender Rh incompatibility (n with hematocrit = 35%) 25 (22) 8.8
Male 135 54.2 ABO incompatibility (n with hematocrit = 35%) 71 (59) 23.7
Female 114 458 Combined Rh and ABO (n with hematocrit > 35%) 9(6) 24
Mode of delivery Glucose-6-phosphate dehydrogenase deficiency (tested in 86) 7 2.8 (8.1% of tested)
Vaginal 182 73.3 Cephalohematoma/bruising 3 12
Cesarean 67 26.7 Sepsis 4a 16
Positive consanguinity 59 23.7 Polycythemia
(first cousins) Congenital heart disease 1 04
Positive history in siblings 23 9.24 IUGR 2 0.8
Total bilirubin, mg/dL Twin (IUGR) 1 04
25-29.9 121 486 Unidentified cause 2 0.8
30-34.9 71 28.5 Unidentified 124 49.79
35-39.9 38 183 IUGR indicates intrauterine growth restriction.
40-54.9 20 8.0 a Seven additional sepsis cases were hospital acquired or unrecognized at admission.
=55 4 1.6

ranged from 1600 to 4200 g; 133 of 249
(53%) weighed <3000 g. Postnatal age
at admission ranged from 2 to 14 days
(mean [SD]: 5.3 [2.0] days). Suspected
etiologies of hyperbilirubinemia are
listed in Table 2. Fifty percent of infants
had no identifiable cause of jaundice.
All patients were treated with photo-
therapy, and 207 infants (83%) re-
ceived exchange transfusions. At the
time of admission, 44 infants (18%)
had moderate or severe ABE (BIND
score 4-9), 55 infants had subtle evi-
dence of neurotoxicity (BIND 1-3), and
150 infants (60%) had no evidence of
ABE (Table 3). Thirty-five patients (14%)
had evidence of BE at time of discharge
(9 [3.6%]) or death (26 [10.4%]). All
deaths were associated with signs of
kernicterus.

Relationship of Admission BIND
Score to Hospital Outcome

The BIND score codifies the progres-
sion of neurologic signs observed in
bilirubin neurotoxicity’®' and may
serve both to document physical find-
ings (acute outcome) and to predict ul-
timate outcome.”® In our study, no in-
fant with BIND scores of 0 to 1 on
admission (N = 166) developed later
signs of BE. Fourteen of 25 patients
with moderate ABE (BIND score of
4—6) and 18 of 19 with severe ABE
(BIND score 7-9) had persistent evi-
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TABLE 3 BIND Score as a Predictor of BE

Admission BIND n Resolved Survived + BE Death + BE Total Bilirubin,
Score Median (Range)

0 (normal) 150 NA 0 0 28.3 (25.0-59.0)
1-3 (subtle) 55 36 2 1 33.0 (25.1-57.0)
4—6 (moderate ABE) 25 1 5 9 32.0 (25.0-76.4)
7-9 (severe ABE) 19 1 2 16 36.5 (25.0-51.0)
Total 249 49 9 26 30.0 (25.0-76.4)

dence of BE at the time of death or dis-
charge. However, 3 of the 35 cases with
BE had a BIND score of only 3 on admis-
sion. Ofthese, 1 patient with a TSB level
55.5 mg/dL, direct fraction 16 mg/dL,
had minimal signs of toxicity on admis-
sion but rapidly deteriorated thereaf-
ter. One infant developed sepsis and
BE, and 1 with Rh hemolytic disease
progressed from subtle signs on ad-
mission to frank BE at discharge. The
unexpected adverse outcomes in these
infants may be due in part to the dura-
tion of observation because signs of ABE
can be intermittent and sometimes elic-
ited only by stimulation? In general, a
pretreatment BIND score was a very
good predictor of outcome; BIND scores
of =6 anticipated an adverse outcome in
22 of 25 patients (88%).

Relationship of TSB Level to ABE
and BE

Admission TSB level bore little relation-
ship to the presence or severity of ABE
in our nonstratified cohort. The me-
dian TSB level in patients with no clini-
cal signs of ABE on admission (28.3

mg/dL) was lower thanthe median TSB
level for patients with subtle toxicity,
moderate ABE, and severe ABE (33, 32,
and 36.5 mg/dL, respectively), but the
range of TSB levels in all groups was
similar (Table 3). The range and me-
dian TSB level in patients who devel-
oped BE (median: 35 mg/dL) was simi-
larto values in those with ABE who had
normal outcome (median: 33 mg/dL).
0f the 26 infants who died with evi-
dence of BE, 19 had a TSB level of =30
mg/dL and 7 had TSB levels of <30 mg/
dL. All 7 patients with lower TSB level
had evidence of severe hemolysis (me-
dian hemoglobin: 8.8 g/dL; median re-
ticulocyte count: 14.9%) including 6
with Rh incompatibility. Among 9 in-
fants who survived with persistent ev-
idence of BE at time of discharge, 6 had
TSB levels of >30 mg/dL and 3 had TSB
levels of <30 mg/dL (2 with sepsis and
1 with Rh hemolytic disease).

Influence of Risk Factors for
Neurotoxicity on Outcome

The AAP guidelines, as well as the
aforementioned observations, suggest
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TABLE 4 0dds of Having ABE at Admission and/or BE at Discharge or Death

Variable

TSB (per mg/dL)

Admission weight (100 g)

Rh incompatible (hematocrit < 35%)
Sepsis

ABO incompatible (hematocrit < 35%)

BIND 4+ or BE
OR (95% CI) P
1.09 (1.03-1.16) <.005
0.83 (0.74-0.93) <.001
48.6 (14-168) <le§
20.6 (4.9-87.5) <<.0001
1.8 (0.8-4.5) a7

that certain risk factors may potenti-
ate bilirubin toxicity. We first per-
formed multiple logistic regression
analysis to evaluate the effects of TSB
and other risk factors on moderate or
severe ABE (BIND score 4-9). ORs for
each effect in logistic models, with 95%
confidence intervals, are shown in Ta-
ble 4. Except for higher admission
weight, which decreased risk, all fac-
tors evaluated increased the odds of
an adverse outcome. The presence of
sepsis and Rh hemolytic disease
greatly increased the risk for BE (20.6
and 48.6 times, respectively), in con-
trast to ABO hemolytic disease, for
which the estimated OR was only 1.8
(P = 17). TSB level (in a cohort in
which all TSB levels are =25 mg/dL)
was a relatively weak predictor of out-
come in logistic regression (OR: 1.54
per 5 mg/dL increase). Nearly identical
results (not shown) were found when
outcome was limited to BE.

Risk Factors and PPV of 25 mg/dL

The PPV varied greatly with different
risk factors (Table 5). Twenty-four of 38
infants with Rh hemolytic disease
and/or sepsis (63%) developed ABE or
BE. In contrast, <5% of 111 infants
without risk factors developed signs of
ABE. The PPV increased greatly when
hemolytic disease was associated with
lower admission weight or sepsis and
was 1.0 when 3 risk factors coexisted.

Relationship of TSB Level to ABE/BE
in Stratified Risk Groups

As with nonstratified patients, the
presence or absence of ABE and/or BE
in infants with sepsis or Rh incompat-
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ibility was unrelated to TSB value when
evaluated as a binary distribution of
infants having TSB levels 25 to 29.9 vs
=30 mg/dL (Table 6). Six of 11 infants
(55%) with evidence of sepsis devel-
oped signs of BE, and 4 of these 6 in-
fants had a TSB level of <30 mg/dL.
Sixteen of 28 infants with Rh (or Rh/
ABO) incompatibility (57%) developed
BE, and 6 of these infants had TSB lev-
els of <30 mg/dL; 13 of 16 died. In con-
trast, only 1 of 19 infants with ABO he-

TABLE 5 Risk Factors and PPV at 25 mg/dL

molytic disease as the only risk factor
and TSB level of >30 mg/dL developed
BE.

Clinical judgment is most challenged
in otherwise normal term newborns
with idiopathic severe hyperbiliru-
binemia and no signs of ABE. We strat-
ified subjects to exclude all risk factors
tested above and to include only in-
fants with an admission weight of
>2700 ¢ (as a surrogate for =38
weeks’ gestation). Atotal of 111 infants
meeting these criteria on admission
had TSB values ranging from 25 to 59
mg/dL. Three of 47 infants with TSB lev-
els of >30 mg/dL developed moderate
ABE (TSB: 31.8, 33, and 34.5 mg/dL) that
resolved with treatment. Two infants
with undiagnosed cause for jaundice
(TSBs 41 and 44 mg/dL) died of BE.

Risk Factor n No ABE/BE ABE or BE PPV

No risk factors 111 106 5 0.05
Subtotal: 1 risk factor 103 81 22 0.21
ABO incompatibility (hematocrit < 35%) 38 34 4 0.10
Admission weight = 2700 g 45 38 7 0.16
Rh incompatibility (hematocrit < 35%) 16 6 10 0.63
Sepsis 4 3 1 0.25
Subtotal: 2 risk factors 30 18 12 0.4
Rh and ABO 4 2 2 0.5
Rh and admission weight = 2700 g 5 1 4 0.8
ABO and sepsis 2 1 1 0.5
ABO and admission weight = 2700 g 17 13 4 0.24
Admission weight = 2700 g and sepsis 2 1 1 0.5
Subtotal: 3 risk factors 5 0 5 1.0
Admission weight, sepsis, and ABO 2 0 2 1
Admission weight, sepsis, and Rh 1 0 1 1
Admission weight, Rh, and ABO 2 0 1 1
Total 249 205 44 0.18
PPV indicates number of ABE or BE/total number identified to be at risk.
TABLE 6 Effect of Risk Factors and TSB on Neurotoxicity

Risk Factor n No ABE/BE ABE Only BE
No risk factors, TSB << 30 mg/dL 64 64 0 0
No risk factors, TSB = 30 mg/dL 47 42 3 2
No risk factors, total 111 106 3 2
ABO, TSB < 30 mg/dL 19 18 1 0
ABO, TSB = 30 mg/dL 19 16 2 1
ABO, total? 38 34 3 1
Sepsis/Rh, TSB < 30 mg/dL 16 3 3 10
Sepsis/Rh, TSB = 30 mg/dL 22 8 3 1
Sepsis/Rh, total® 38 11 6 21

aIncludes ABO incompatibility with hematocrit <<35% and no other risk factors.
bncludes all patients with sepsis or Rh incompatibility with or without other risk factors.
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FIGURE 1

A, ROC analysis of risk for ABE or BE (BIND score
4-9) in 138 infants with recognized risk factors;
threshold TSB and FPRs at 90% sensitivity and
TSB at 10% sensitivity are indicated. The subco-
hort excludes infants charted in B and includes
infants with Rh and ABO incompatibility with ev-
idence of hemolysis, sepsis, and/or an admis-
sion weight of =2700 g. Many patients had >1
risk factor. The area under the curve was 0.595
(0.533 when ABO incompatibility was excluded).
B, ROC analysis of risk for ABE or BE (BIND score
4-9) in 111 infants with no recognized risk fac-
tors; threshold TSB and FPRs at 90% sensitivity
and TSB at 10% sensitivity are indicated. The
subcohort excludes patients with ABO incom-
patibility with hematocrit at =35%, Rh incom-
patibility, weight of =2700 g, and evidence of
sepsis. Only 3 of 111 infants developed ABE (TSB:
31.8-34.5 mg/dL). Two patients had severe BE
(TSB: 41.8 and 43.2 mg/dL). The area under the
curve was 0.857.

The sensitivities and FPRs of TSB levels
for predicting outcomes in infants with
and without risk factors are illustrated
in the ROC curves of Figure 1. In con-
trast to PPV, we assumed no a priori
threshold for intervention but selected
a TSB value that identified 90% of pa-
tients with disease out of the study
population. In the presence of risk fac-
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tors (Fig 1A), athreshold of 25.4 mg/dL
identified 90% of affected infants, but
93% of the 94 infants without disease
also had a TSB level greater than this
threshold (FPR: 93%). Ten percent of
infants with disease had a TSB level of
=43 mg/dL. The area under the curve
was only 0.595 and was further re-
duced to 0.533 when ABO incompatibil-
ity was eliminated, indicating no de-
monstrable association between TSB
value and disease over the range of 25
to 43 mg/dL.

In the absence of risk factors (Fig 1B),
the minimum TSB value used to iden-
tify all 5 affected infants was 31.5 mg/
dL; of 106 infants who were disease
free, 74% had TSB levels ranging 25 to
31.5 mg/dL, and 26% (the FPR) had a
TSB level of >31.5 mg/dL. The TSB level
at 10% sensitivity was nearly identical
in infants with and without risk factors
present. Despite the difference in
thresholds and FPR, the confidence in-
tervals were inconclusive because, in
the first case, the threshold was close
to the study entry criterion of 25 mg/
dL, suggesting that the true threshold
for outcomes is likely to be lower and,
in the latter case, the number of af-
fected infants was small (5 with ABE or
BE). Notwithstanding these limitations,
the difference in the ROC curves for in-
fants with and without risk factors to
TSB is striking.

DISCUSSION

In the absence of risk factors for neu-
rotoxicity, we observed no cases of ABE
below a TSB level of 31.8 mg/dL and no
evidence of BE at discharge despite
TSB levels of >30 mg/dL in 25 infants.
Longer-term outcome studies by New-
man et al’®'" also indicate that healthy
term infants have a greater tolerance
for severe hyperbilirubinemia. Physi-
cians treating an asymptomatic infant
with no risk factors and a TSB level in
the range of 25to =30 mg/dL are faced
with a dilemma of whether to use in-
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tensive phototherapy or perform the
more risky exchange transfusion, as
currently recommended. In some envi-
ronments, the risk of exchange trans-
fusion'®2" may exceed the risk of BE in
this group of patients.

The AAP guidelines do not rank the risk
of hemolytic disease according to eti-
ology or severity, but logistic regres-
sion indicated that ABO with associ-
ated anemia (the direct antiglobulin
test was unreliable) had far less influ-
ence on outcome than Rh incompatibil-
ity. The TSB threshold for severe dis-
ease was higher in ABO (33.7 mg/dL)
than in Rh incompatibility (25.4 mg/
dl), again indicating that the magni-
tude of risk for BE in hemolytic disease
depends more on the etiology of hemo-
lysis than on the severity of hyperbili-
rubinemia. On occasion, ABO hemolytic
disease can present as overt erythro-
blastosis fetalis with severe hemoly-
sis. This was not documented in our
patients but might lower the TSB
threshold for neurotoxicity.

Infants with sepsis or Rh hemolytic dis-
ease had alow group threshold for dis-
ease, but above 25 mg/dL, up to 43 mg/
dL, the TSB value had no apparent
relationship to outcome (Fig 1A). This
surprising observation suggests that
the threshold of 25 mg/dL is permis-
sive of neurotoxicity, but above this
threshold, the major determinants
of neurotoxicity involve unidentified
plasma and/or host defense variables
that are altered by neurotoxicity risk
factors. The sample size precluded de-
termining specific thresholds for in-
tervention in infants with and without
risk factors, and the study entry level
of TSB =25 likely concealed the true
threshold for infants with sepsis and
Rh hemolytic disease.??

The reason for the variation in suscep-
tibility of infants to a given TSB level is
unknown. Erythroblastosis fetalis will
produce a more rapid rate of rise in
TSB with a higher rate of bilirubin pro-
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duction that might alter distribution of
bilirubin between plasma and alterna-
tive body compartments, including the
brain. Similar intolerance to a rapid
load of bilirubin has been observed
in hemolytic crises from glucose-
6-phosphate  dehydrogenase defi-
ciency.? Low serum albumin levels,
lower serum binding affinity for biliru-
bin, immaturity or alteration of the
blood—brain barrier, and decreased
cellular defense systems may also
modify risk in severe hemolytic dis-
ease.8227 Although plasma binding of
bilirubin has not been systematically
evaluated interm/near-term infants or
in patients with Rhisoimmune disease,
there is good evidence that sick new-
borns with acidosis or sepsis, espe-
cially premature infants, have both
poor binding and an increased risk for
kernicterus.2#% Equally intriguing in
this study is the observation that sev-
eral infants with very high TSB levels
were free of disease. Although free bil-
irubin levels were not measured, the
high level of TSB in these infants would
most probably require bilirubin bind-
ing to sites other than the primary site
on albumin, implying that free bilirubin
will be high and that resistance or sus-
ceptibility to neurotoxicity is not solely
controlled by plasma factors.282

This study has several important limi-
tations. Birth histories were not avail-
able, and documentation of birth
weight and gestational age was rarely
available for the population studied.
Separating the effects of gestational
age and fetal growth retardation was
usually impossible. The diagnosis of
hemolytic disease was compromised
by an unreliable direct antiglobulin
test, and we did not routinely screen
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