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Re-evaluating What We Think We Know



THE WIDE CLINICAL SPECTRUM OF BILIRUBIN NEUROTOXICITY

• Classic kernicterus, known as choreoathetotic cerebral palsy, relates to 
the persisting tetrad of

(1) choreoathetosis

(2) auditory impairment

(3) paralysis of upward gaze

(4) dental enamel dysplasia

• The various components, however, can exist independently, not as a 
tetrad, and still be attributable etiologically to prior 
hyperbilirubinemia. 



➢Subtle kernicterus :

• Another expression of bilirubin neurotoxicity 

✓ neurodevelopmental disabilities similar to, but milder than, those 
seen in full-blown kernicterus

✓Typical manifestations : isolated hearing loss not meeting the criteria 
of ANSD( auditory neuropathy spectrum disorder )and/or mild motor 
involvement, including awkwardness or clumsiness.

✓ Once all other known etiologies have been excluded, they can be 
attributed to bilirubin neurotoxicity



➢Kernicterus plus:

• Kernicterus with additional neurologic dysfunctions not usually related to bilirubin 
neurotoxicity, for example:

✓ spasticity

✓ epilepsy 

✓microcephaly 

✓magnetic resonance imaging abnormalities (usually not seen)

• Kernicteric children often also suffer from associated non-neurologic conditions:

✓ including gastroesophageal reflux

✓failure to thrive

✓sleep disorders

✓ neuro-orthopedic conditions



Kernicterus in Developing Countries

• Neonatal hyperbilirubinemia accounted for 1309 deaths per 100,000 
livebirths in 2016 and ranked seventh globally among all causes of 
neonatal deaths in the first week of life.

• The disease burden is greatest in South Asia and sub-Saharan Africa, 
where glucose-6-phosphate dehydrogenase (G6PD) deficiency may be 
a leading cause 





Kernicterus in Industrialized Countries

• Incidence of kernicterus reported in Western countries since 2000 
ranges from 0.7/100,000 to 2.3/100,000 live births





Etiology of Kernicterus

• In many reviews of kernicterus, an etiologic factor cannot be 
determined. Recent reviews continue to report from 5% to 64% of 
cases have undetermined etiologies.



Why Does Kernicterus Continue to Occur?

➢Despite publication of guidelines by authoritative institutions, such as 
the American Academy of Pediatrics (AAP)Canadian Paediatric
Society,and others,

✓Published instructions not always are followed and parental concerns 
not always are taken seriously

✓Early discharge with inadequate postdischarge surveillance

✓Poor breastfeeding, and incorrect information given to parents 

✓ Delays in initiation of appropriate therapy

✓Delays in appropriate transfers to centers able to perform exchange 
transfusions,



What Can Be Done to Prevent Kernicterus Spectrum Disorder?

➢Avoiding extreme hyperbilirubinemia:

• active surveillance of newborns for the development of jaundice, both 
during and after birth hospitalization

• phototherapy, and immediate performance of exchange transfusion, 
especially if extreme hyperbilirubinemia accompanied by signs of 
acute bilirubin encephalopathy (ABE) 



➢Predischarge surveillance:

• Monitoring newborns for jaundice throughout their birth 
hospitalization, especially those who become icteric during the first 24 
hours after delivery, because this may be a sign of hemolysis.

• At least 1 predischarge bilirubin, either transcutaneous or via blood 
test, should be performed, and the result plotted on an hour specific 
bilirubin nomogram



➢ Postdischarge Surveillance:

• In many Western countries, the maternal/newborn dyad is discharged 
at approximately 48 hours. 

• Bilirubin continues rising at this age and concurrently weight loss, 
peaking at approximately 4 days to 5 day

• the Canadian Paediatric Society and the AAP have emphasized the 
need for newborn assessment by a qualified health care professional 
in the first few days after discharge “to assess infant well-being and 
the presence or absence of jaundice.”

• The time frame generally coincides with the third to fifth postnatal 
day.



• Despite these recommendations ,the attendance rate for early 
neonatal follow-up remains low (approximately 32%).

• Of those specifically instructed to return to hospital for a bilirubin 
blood test at a given time, however, the compliance rate was almost 
100%.

• These results suggest that it might be beneficial to provide parents 
with a specific date and venue for follow-up



CORONAVIRUS AND OTHER PANDEMICS

➢Although there are not awareness of any direct effect of COVID-19 on 
neonatal jaundice risk of developing extreme hyperbilirubinemia may be 
magnified:
✓Impeded access to even the best developed postdischarge follow-up care 

systems
✓Earlier hospital discharges 
✓The apprehension many mothers feel on entering any medical facility
✓Widespread quarantines restricting

➢The medical community must develop creative solutions to prevent this 
with :
✓Increasing parental awareness
✓ Home-based recognition of jaundice (smartphone applications)



HEREDITARY BACKGROUND TO NEONATAL 
HYPERBILIRUBINEMIA

• The UGT1A1 gene coding for the UGT1A1 enzyme plays a cardinal role in the 
conjugation and elimination of bilirubin.

• Polymorphisms and mutations of both coding (eg,UGT1A1*6) and noncoding 
areas (eg, UGT1A1*28) of the gene are associated with impaired enzyme function 
and, as a result, hyperbilirubinemia

• Coexpression of UGT1A1 abnormalities with additional hemolytic conditions, 
such as G6PD deficiency, may exacerbate hyperbilirubinemia.

• UGT1A1 genetic aberrations also have been demonstrated to play a          role in 
the pathophysiology of prolonged breast milk jaundice



EFFECT OF RACE, ETHNICITY, 
GEOGRAPHY ON NEONATAL 
HYPERBILIRUBINEMIA

• The effect of heredity on the severity and/or incidence of jaundice is not 
limited to specific mutations or polymorphisms but varies among different 
ethnic groups

• Black neonates have a higher incidence of ABO incompatibility and of G6PD 
deficiency than whites

➢The increased risk of extreme hyperbilirubinemia and kernicterus in black 
newborns: 
✓ higher incidence of G6PD deficiency
✓higher frequency of the UGT1A1*28 promoter polymorphism in this 

population group



➢Asian newborns:

• Higher mean maximal STB concentrations than white and African 
American neonates

• Higher autopsy-proved kernicterus

• Prolonged neonatal jaundice

➢This may reflect the increased frequency of the Gly71Arg mutation of 
UGT1A



SHOULD BILIRUBIN NOMOGRAMS BE UNIVERSAL?

• US-based guidelines recommend that bilirubin values, either serum or 
transcutaneous derived, be plotted on a nomogram for interpretation and 
prediction of hyperbilirubinemia.

• The nomogram is an hour-specific plot of serum bilirubin values taken from 
term and late preterm newborns, greater than 35 weeks’ gestational age, 
(Bhutani and colleague).

• This nomogram, the only nomogram-based on serum bilirubin values, is 
used worldwide and TcB values frequently are plotted on the identical 
nomogram



➢TcB values 

• reliable for interpreting lower TcB values (<15 mg/dL) 

➢TcB devices has made construction of TcB nomograms feasible among 
differing population groups

• ready availability 

• modern

• painless. 



• Interpretation of a TcB result, using either the serum-based 
nomogram or TcB nomograms constructed from a population group 
different from that of the specific newborn being tested, should be 
pursued with caution:

• Dissimilarities in bilirubin metabolism

• Differences in feeding practices and breastfeeding rates, between 
distinctive ethnic or racial groups

• Tc readings differ between ethnic groups



MODERN TECHNOLOGIES IN ASSESSMENT OF NEONATAL
HYPERBILIRUBINEMIA

End-tidal Carbon Monoxide

• Diverse laboratory measurements, including hemoglobin, hematocrit, 
reticulocyte count, lactic dehydrogenase, and haptoglobin, offer a 
reliable reflection of hemolysis in adults and older children.

• In newborns, there is greater overlap between hemolytic and 
nonhemolytic states, rendering these indices unreliable in neonatal 
hemolysis



• Heme degradation         biliverdin bilirubin, carbon monoxide 
(CO), and iron.

• Accurate measurement of carboxyhemoglobin or end-tidal CO (ETCO), 
corrected for ambient CO, reflects endogenous CO production by 
inference, bilirubin production secondary to hemolysis.

• ETCO measurement now is a clinically available, noninvasive, and painless 
point-of-care test.

• ETCO can be used to differentiate between hyperbilirubinemia resulting 
from increased hemolysis (increased ETCO) versus from diminished 
bilirubin conjugation (normal ETCO).



Smartphone Apps for Bilirubin Estimation

➢Despite the availability of bilirubin measurement technologies in industrialized countries:

• geographic encumbrances, including very long distances to travel 

• severe weather conditions, may render availability unfeasible.

➢ In developing countries:

• geographic hinderances

• absent or inconsistent availability of bilirubin measurements.

• Visual estimation of the degree of jaundice is notoriously inaccurate

• Although not yet available for routine clinical use, smartphone apps in conjunction with 
special filters or algorithms for bilirubin estimation may soon become a reality



Next-Generation Sequencing

• Next-generation sequencing is a technology for genome 
sequencing at high speed and low cost, enabling the simultaneous 
sequencing of thousands to millions of DNA molecules, from 
multiple individuals simultaneously



TREATMENT OF HYPERBILIRUBINEMIA

• Over the past half century phototherapy generally is presumed to be not 
only effective but also safe and harmless

• This presumption of safety, however, may not be universally true, 
especially for the newer, high-intensity light-emitting diode (LED) units

• The safety of phototherapy has not really been questioned or adequately 
tested when using these lights, and in recent years concerns have begun to 
emerge regarding potential damaging effects of phototherapy



• Although many of the side effects are both transient and 
controversial, awareness of the fact that phototherapy is not risk-free 
reinforces the need for a judicious clinical approach, aimed only at 
neonates who really need it



Phototherapy devices and intensity

• For decades, clinical phototherapy devices were limited to the 
fluorescent tubes, which provided irradiances of less than or equal to 
20 mW/cm2/nm.

• Conventional phototherapy reduces bilirubin by 6% to 20% within the 
first 24 hours.

• Recently, LEDs have transformed clinical phototherapy, offering 
irradiances of up to 50 mW/cm2/nm and reducing bilirubin levels by 
30% to 40% within 24 hours



• High-intensity LEDs have been assumed to be safe based on previous 
studies generally performed at irradiances below 30 mW/cm2/nm.

• Safety studies have not been repeated at the higher intensities 
provided by LEDs



Clinical implications of dose response

• There is a general AAP recommendation of 30 mW/cm2/nm to 40 
mW/cm2/nmas the target level for intensive phototherapy, with no 
details regarding etiology of jaundice, gestational age, or other risk 
factors.

• Given that the dose-response curve has been shown to be linear only 
up to 55 mW/cm2/nm, it is possible—although not proved—that the 
dose-response curve plateaus above this level.

• There is little evidence of added clinical benefit to be derived from 
increasing spectral irradiance beyond this level



Subthreshold phototherapy

• Phototherapy frequently is initiated in newborns with STB levels that 
are below the treatment threshold recommended by the AAP to 
obviate readmission for phototherapy, exposing them not only to 
unnecessary phototherapy but also to additional separation from 
their mothers.



Subclinical carcinogenicity

• 1.6-fold more likely to develop cancer(infant exposed to 30 
mW/cm/nm)

• Modern LED units can deliver levels of irradiance of up to 50 
mW/cm2/nm.

• Although the increase in the absolute risk is extremely small, it is 
sufficient to warrant caution in avoiding unnecessary and/or excessive 
use of phototherapy



Genotoxicity
➢Exposure of cells to visible light can induce:

✓ DNA strand breaks

✓Sister chromatid exchanges

✓Mutations

➢These DNA breaks cause DNA modifications that can contribute to 
oxidative stress-related diseases: 

✓ necrotizing enterocolitis 

✓ retinopathy of prematurity 

✓ possibly increase the risk for future cancer development



• Genotoxicity increases similarly with both conventional and intensive 
phototherapies

• A significant positive correlation has been demonstrated between the 
duration of phototherapy and increased genotoxicity

• In conclusion,  phototherapy be considered a type of drug therapy and that 
irradiance levels be monitored clinically similarly to therapeutic drug levels 
monitoring

• The goal should be to offer the lowest possible effective level of 
phototherapy—not the highest possible level.



Exchange transfusion: a lost art

➢Decreased the incidence of extreme hyperbilirubinemia due to:
✓ Advent of phototherapy
✓Screening for Rh disease with antenatal and postnatal maternal Rho(D) 

immune globulin (RhoGAM) therapy 
✓ postnatal intravenous immune globulin therapy in immune-based 

hyperbilirubinemia 

• As a result, exchange transfusion is becoming a lost art—rarely performed

• A recent multicenter study found that among 1.25 million newborns born 
between 1997 and 2016, the rate of exchange transfusions decreased from 
a peak of 0.3% in 1997 to a nadir of 0.05% in 2016.



• Complications may be more frequent in preterm infants,which is not 
surprising, considering that preterm infants often are hemodynamically 
unstable at the time of performing exchange transfusion.

Conversely, it may surprising to note that in the only published 
prospective, randomized controlled trial comparing phototherapy with 
exchange transfusion in premature neonates, there was a trend toward 
lower mortality in the exchange transfusion group. The lower mortality 
was noted entirely in the infants who were 501 g to 750 g.

At the very least, these findings imply that exchange transfusion did not 
increase the risk of mortality in the extremely lowbirth weight
subpopulation.



IS ACUTE BILIRUBIN ENCEPHALOPATHY INVARIABLY ASSOCIATED 
WITH SEVERE,CHRONIC NEUROLOGIC DYSFUNCTION

• Many of those affected progress to bilirubin neurotoxicity or even 
death despite having undergone exchange transfusion. 

• However, There been reports of severely hyperbilirubinemic newborns 
with signs of ABE who were treated promptly and effectively with 
exchange transfusion and who subsequently had a good neurologic 
outcome

• It is a misconception that if an infant has signs of bilirubin encephalopathy, 
it is too late to justify treatment



Bilirubin: a Double-Edged Sword

• bilirubinemia in the neonate is known primarily for its neurotoxic 
potential , however, also possesses antioxidant properties

• At birth, the newborn is exposed to a relatively hyperoxic environment 
compared with the intrauterine environment and culminating in 
enhanced generation of reactive oxygen species. 

• Furthermore, during early neonatal life many endogenous enzymatic 
antioxidant defense mechanisms are physiologically 
immature,rendering neonates vulnerable to oxidative injury.



• Unconjugated bilirubin can scavenge singlet oxygen molecules, 
quench free radical reactions, and serve as a reducing agent for 
certain peroxidases

• Benaron and colleaguesand Hegyi and colleagues noted that infants 
suffering from conditions possibly associated with oxygen radical–
mediated mechanisms had lower bilirubin levels,They, consider the 
possibility that bilirubin’s antioxidant function in the face of greater 
antioxidant need could have led to increased bilirubin consumption.



• the neonatal brain is most vulnerable because of its rapid metabolic 
rate and increased oxygen consumption coupled with its high content 
of easily oxidized membrane lipids in the face of limited antioxidant 
protective mechanisms



• Further support for a protective effect of mild hyperbilirubinemia, 
albeit not in neonates, can be derived from the observation that in 
adult patients with Gilbert syndromewith chronically mild 
hyperbilirubinemia have a substantially reduced risk of cardiovascular 
disease, cancer, and metabolic syndrome


