
Measurement of Circulating Unbound Bilirubin: Will It Ever Be
a Part of Routine Neonatal Care?

T
otal serum bilirubin (TSB) is the intravascular con-
centration of albumin bound bilirubin whereas the
small circulating bilirubin fraction not bound to albu-

min or other serum proteins is the unbound (or “free”)
bilirubin (UB) level. The ability to measure circulating
UB, although not widely available, remains
of keen interest because circulating UB is
in dynamic equilibrium with the extravascular tissues,
including the central nervous system (CNS) and thus holds
the potential to be a more reliable index of bilirubin neuro-
toxicity risk than the TSB.1 This issue of The Journal fea-
tures a report by Amin et al that adds to a growing
literature on the use of circulating UB in predicting bili-
rubin neurotoxicity, including auditory neuropathy as man-
ifest by abnormalities in the auditory brainstem evoked
response (ABR).2

Amin et al highlight the vulnerability of the central
auditory pathways to bilirubin-induced injury and the
importance of the ABR in assessing for bilirubin neurotox-
icity. Absent or abnormal ABRs coupled with normal mea-
sures of cochlear function (cochlear microphonics and
otoacoustic emissions) observed acutely are consistent
with bilirubin-induced auditory injury in a hyperbilirubi-
nemic neonate, abnormalities that may be reversible with
treatment.3-5 Persistent ABR abnormalities may be a
harbinger of permanent damage to the central auditory
system and resultant auditory neuropathy spectrum disor-
der.3 Auditory neuropathy spectrum disorder can be the
predominant neurologic sequelae of bilirubin neurotox-
icity or part of the constellation of disabilities that typify
classic kernicterus.3

Most notably, Amin et al confirm that circulating UB is a
more sensitive and specific predictor of bilirubin induced
neurotoxicity than either TSB or the bilirubin/albumin
(B/A) ratio.2 In addition, the current study spotlights a subset
of neonates whose neurotoxicity risk was only evident by
measuring circulating UB (subjects 1 and 5), a finding of pre-
vious reports as well.6,7 Subject 5 merits special comment in
this regard. This 351/7 week late preterm gestation neonate
with hemolytic disease had an abnormal ABR following a
peak TSB of 15.1 mg/dL (258 umol/L), a B/A ratio below
double volume exchange transfusion criteria,8,9 and only
modest hypoalbuminemia (serum albumin of 2.7 g/dL
derived from the reported peak TSB and B/A ratio). The

circulating UB level, however, was quite elevated. These find-
ings demonstrate that the albumin-bilirubin binding in this
infant was markedly impaired. Is it possible that severe he-
molysis adversely affected albumin-bilirubin binding or did
some other factor or comorbid condition lead to this result?

Regardless, the elevated circulating UB in
this neonate predicted bilirubin neurotox-

icity whereas the TSB and B/A ratio did not, underscoring
the utility of circulating UB measurements in identifying
bilirubin-induced injury risk.
So why isn’t circulating UB measurement routinely

incorporated in the evaluation and management of
neonatal hyperbilirubinemia? In part, this derives from
the relative ease of measuring TSB levels and the general
success of TSB treatment thresholds, modulated by gesta-
tional age and neurotoxicity risk factors, in controlling
neonatal hyperbilirubinemia and preventing bilirubin-
induced CNS injury.8 Although the TSB has poor speci-
ficity (many false positives),1 extreme ($25 mg/dL [427
umol/L]) and hazardous ($30 mg/dL [513 umol/L]),
TSB levels remain strong predictors of acute bilirubin en-
cephalopathy and its progression as recently confirmed in
a large cohort of term and late preterm neonates in Cairo,
Egypt.10 There are also several ongoing technical chal-
lenges and limitations in the measurement of circulating
UB.1,11 Furthermore, bilirubin-induced neurotoxicity de-
pends on a complex interaction between the level and
duration of CNS UB exposure (itself difficult to gauge)
and the innate cellular characteristics of the CNS that
may predispose or protect against bilirubin-induced
neuronal injury.12 In addition, prematurity, hemolysis,
and sepsis play key roles in enhancing bilirubin neurotox-
icity risk8 that may or may not be reflected by changes in
circulating UB.
Despite these limitations, it is clear that circulating UB

measurement improves the bilirubin neurotoxicity risk cal-
culus and importantly identifies a subset of at-risk infants
who would otherwise be missed. It is critical, therefore,
that efforts to incorporate circulating UB measurement
in neonatal care move forward,1,11 including ongoing
work to improve, standardize, and validate techniques to
measure circulating UB. In addition, large clinical trials
to examine definitions and thresholds for hyperbilirubine-
mia treatment based on levels of UB compared with TSB
and the B/A ratio are needed.12 In some subjects, the
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ABR Auditory brainstem evoked response

B/A Bilirubin/albumin

CNS Central nervous system

TSB Total serum bilirubin

UB Unbound (or “free”) bilirubin
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TSB, B/A ratio, and circulating UB measurement will align
in predicting risk, in others with marked hypoalbumine-
mia it is possible only the B/A ratio and circulating UB
will prove predictive, whereas in those where impaired
albumin-bilirubin binding is operative it is likely only
circulating UB will suffice.

In lieu of such comparative data, an elevated B/A ratio it-
self may be a useful UB proxy as it correlates with circu-
lating UB9 and is a sensitive measure of bilirubin-induced
injury risk,10 particularly when hypoalbuminemia is
present.13,14 The B/A ratio has been advanced as a factor
in determining the need for exchange transfusion,8,9 an
approach endorsed by the American Academy of
Pediatrics.8 However, the findings of the current study
coupled with improved bedside applicable measurement
of circulating UB and bilirubin binding capacity in
development,1,11 should be a powerful impetus to conduct
large comparative studies of circulating UB, TSB, and the
B/A ratio in predicting bilirubin neurotoxicity. As suggested
by the authors of the current paper, abnormalities in the
ABR are likely to be the most sensitive marker of acute
bilirubin-induced injury and, thereby, the most relevant
bilirubin-specific primary outcome for clinical study. Un-
dertaking this study will be no small task but such evidence
is necessary to potentially modify current clinical practice
and further decrease the risk for bilirubin-induced CNS
injury. Now is the time to act. n
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Executive Function in Patients with Congenital Heart Disease:
Only the Tip of the Iceberg?

T
here is an increasing recognition of a common neuro-
developmental phenotype in pediatric survivors of
complex congenital heart disease (CHD).1,2 One of

the major features of this phenotype is the relative preserva-
tion of lower level cognitive skills and substantial difficulty
integrating or coordinating these skills to
achieve higher order goals.1-5 Impairments
of executive function are of particular importance to the pop-
ulation with CHD because they are likely to have widespread
repercussions on a myriad of cognitive and behavioral

domains throughout the developmental course.3-9 In recent
years, the number of studies reporting impairments of exec-
utive function in children and adolescents with CHD, cor-
rected or palliated with infant open heart surgery, has
increased rapidly.2-14 However, studies investigating whether

and how executive function deficits impact
children’s everyday life are scarce.
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