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1 Introduction

The prevention, detection and management of neonatal
jaundice in relatively healthy term and near term infants
continue to remain a challenge, partly because jaundice
is so common, and kernicterus so rare''™’. The term ker-
nicterus is now used interchangeably with both acute and
chronic bilirubin toxicity and appears to have a current
In addition

there are many other children who require intensive thera-

incidence of approximately 1: 100 000",

py in order to interrupt the rise in serum bilirubin concen-
trations'®’. The Canadian Pediatric Surveillance System
recently demonstrated, over a 2 year period 148 full term
infants who developed severe hyperbilirubinemia and ei-
ther required exchange transfusion or had a peak serum
bilirubin concentration over 425 micromoles'’’. Kernicter-
us was first recognized in infants with rhesus haemolytic
disease, such cases should now be avoidable; however
recent reports indicate a relative resurgence of kernicterus
in otherwise healthy infants with identifiable risk factors,

or occasionally with no identifiable cause™®’".

To my
knowledge, critical hyperbilirubinemia is also encoun-
tered often in China and South East Asia and in spite of
efforts kernicterus do occur. Therefore, it is important
that physicians and health care providers have the neces-
sary skills and knowledge to interpret total serum bilirubin
levels and initiate treatment based on the age and condi-

tion of the infant.
2 Background

Kernicterus ( bilirubin encephalopathy) is a condi-

tion characterized by deep yellow staining of the neu-
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rons and neuronal necrosis of the basal ganglia and oth-
er brain stem nuclei. In the acute phase, the affected
infants become lethargic, hypotonic and suck poorly;
progression of the disease leads to hypertonia ( with
opisthotonus and retrocollis ) with a high-pitched cry
and fever. The surviving infants may later develop ath-
etoid cerebral palsy with or without seizures, develop-

mental delay, hearing deficit, oculomotor disturb-

ances, dental dysplasia and mental deficiency """, It
is possible that milder degrees of hyperbilirubinemia
are associated with less severe long-term complica-
tions, however, it has been difficult to prove this, and
the levels of bilirubin above which such subtle cerebral
[9.1394]  pr

vention of a rare case of kernicterus, remains the un-

injury can occur are therefore unknown

derlying justification for the huge effort which is expen-
ded to prevent, detect, and treat severe hyperbilirubi-
nemia' "'®’. The societal burden of one affected case
runs in the order of hundreds of thousands of dollars.
Kernicterus is extremely rare in full term infants whose
peak serum bilirubin remains below 340 pmol/L. We
therefore define severe hyperbilirubinemia as a total se-
rum bilirubin > 340 pmol/L at any time during the
first 28 days of life. Above this level the risk for toxici-
ty progressively increases, although it should be recog-
nized that with levels > 500 pumol/L there are still
some infants who will escape kernicterus. The reasons
behind this differential susceptibility are unclear, but
the risks of kernicterus in the presence of severe hyper-
bilirubinemia seem to be increased by dehydration, hy-
perosmolarity, respiratory distress, hydrops, prematu-
rity, acidosis, hypoalbuminemia, hypoxia and sei-
zures'® "' Critical hyperbilirubinemia is defined as

total serum bilirubin (TSB) >425 micromoles/L.
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3 Epidemiology

It is estimated that 60% of term newborns develop
jaundice and 2% reach a TSB >340 pumol/L'"*""). In
Canada, we estimate that approximately 5 000 term in-
fants develop severe hyperbilirubinemia every year'” .
In China this translates to over 150 000 infants. Sever-
al risk factors have been identified for the development
of severe hyperbilirubinemia in this population. They
are 1) visible jaundice at 24 hours of age, 2) visible
jaundice prior to discharge at any age, 3) shorter ges-
tation < 38 weeks, 4) exclusive and partial breast
feeding, 5) previous siblings with severe hyperbilirubi-
nemia, 6) external or internal bruising of scalp, face,
buttocks or any other part of the body, 7) cephalhae-
matoma, 8) male sex, 9) maternal age <25 years of
age, 10) ethnic background of Asian, European and
Mediterranean origin, 11) dehydration>* %"/ A
large prospective study has been recently preformed
demonstrating that prediction of the highest serum bili-
rubin is possible from the analysis of TSB in the first 24
hours, with a certain degree of accuracy ( Butani No-
mogram) '®’. Tt is necessary that each country should
develop their own nomograms so that they can use those

graphs for prediction and treatment.

4 Who should have bilirubin measure-
ment, how, and when?

A large proportion of full term infants currently have
an estimation of serum bilirubin. One option which has
been suggested to prevent failures in the system would
be a universal screening for all newborns for hyperbil-
irubinemia followed by interpretation of the total serum
bilirubin as a function of the postnatal age in hours of
the infant"**"*

ble; it could be preformed at a pre-specified time such

! This does not appear to be unreasona-

as when the metabolic disease screening test is carried
out. However, there have been no prospective random-
ized controlled trials to evaluate the cost benefit rela-
tionship of universal screening. Furthermore, many of
the most severely affected infants will need therapy in-
stituted prior to this time to prevent severe hyperbiliru-
binemia and its complications. A healthy term infant
who is breast feeding well and who is not visibly jaun-
diced at 48 hours has an extremely low risk of severe
hyperbilirubinemia and does not require screening. In
order to be able to avoid testing such infants an ade-

quate and appropriate systematic assessment is required

for all newborn infants' ™.

There are limitations in the clinical detection of jaun-
dice, with thresholds of between 80 and 160 pmol/L
being found in different studies'®**"'. Most infants with
a total serum bilirubin >160 pwmol/L will appear clini-
cally jaundiced, which is similar to the treatment
threshold in the term infants at 24 hours of age''*"".

Therefore, all infants should be clinically assessed
for jaundice during the first 24 hours and again 24 to
48 hours later by an individual competent in the assess-
ment of the newborn and who has access to testing pro-
cedures and treatment facility, whether the infant is
still in hospital or has been discharged home.

Bilirubin can be measured transcutaneously using

2122
(212] " Transcutaneous

[18]

capillary or venous blood samples
measurements have several limitations °'. They become
unreliable after initiation of phototherapy; therefore
transcutaneous bilirubinometry cannot be used for repeat

They

may also be unreliable with changes in skin color and

measurements after phototherapy is initiated ™.

thickness, if used to screen infants prior to phototherapy
these limitations should be understood /. The results
are more accurate at lower levels of bilirubin, and
therefore use of transcutaneous bilirubinometry as a
screening devise may be reasonable pending further in-

U8 Visual estimation of bilirubin levels from

[25]

formation
degree of jaundice is known to be inadequate

Capillary sampling is the method employed by most of
the hospitals and institutions in Canada, and is the
method used in most of the studies, including the con-
"1 Capillary blood

analysis has been reported to give results which are ei-

struction of the Bhutani Nomogram

ther higher, or lower, than venous samples, thus either

can be used to determine the requirement for photother-

[23-24]
apy

due to unconjugated hyperbilirubinemia, it is also possi-

. Although early neonatal jaundice is generally

ble to have an elevation of the conjugated fraction in
some situations such as Rhesus erythroblastosis, liver
disease and cholestasis'**'. Infants requiring photothera-
py should have consideration of measurement of the con-
jugated fraction. However, the guidelines and most of
the previous information on epidemiology of bilirubin
toxicity have used TSB as the standard and this is what
should be used when deciding on phototherapy or other

-1 An infant with persistent jaundice

form of therapy
( > one week) and/or with hepatosplenomegaly should
have their bilirubin fractionated"® .

Recommendation; 1) Prior to the discharge of every
newborn, there should be a process and protocol in
place for assessing the risk of development of signifi-

cant hyperbilirubinemia in all newborns nurseries; 2)
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There should be a systematic approach to the assess-
ment of all infants before discharge for this risk and a
follow up program if the infant develops jaundice; 3)
All newborn infants who are visibly jaundiced, near
term (35-37 weeks) and full term (3842 weeks),
should have a bilirubin level determined; 4) Infants,
although not visibly jaundiced but with two or more risk
factors should have at least one bilirubin level pre-
formed prior to discharge; 5) Serum bilirubin may be
done on either a capillary or venous blood sample; 6)
Infants with severe or prolonged jaundice should have
further investigations including an analysis of the con-
jugated component of the bilirubin; 7) A transcutane-
ous bilirubin measurement may be used if available as
a screening device; 8) Infants discharged from hospital
prior to 24 hours should be reviewed within the next 24

to 48 hours for development of hyperbilirubinemia.
S Therapy

5.1 Phototherapy

Phototherapy is defined as the use of a light source
for the treatment and prevention of neonatal jaun-
dice"”

vention that decreases bilirubin concentration. The ef-

'. Phototherapy is an effective therapeutic inter-

fectiveness of phototherapy is related to the area of skin
exposed and the intensity of the light at the relevant
wavelengths and distance from the source of light' .
More intense phototherapy can be achieved using multi-
ple phototherapy units. Light in the blue-green part of
the spectrum is most effective. In general, florescent
light is most commonly used"®"". Fibre optic photother-
apy systems were introduced in the late 1980’s and
consist of a light that is delivered from a tungsten-halo-
gen bulb through a fibre optic cable and emitted from
the sides and ends of the fibres inside a plastic
pad®'’. This pad can be wrapped around the baby's
torso. Fibre optic phototherapy is especially useful be-
cause the baby can be breast-fed without interruption of
phototherapy and therefore the incubator and eye pads
are not required”’'’. The pad can also be used at
home. Halogen spotlights may also be used"*".

The energy from the light induces a configurational
change in the bilirubin molecule, making it water solu-

ble.
instability, dehydration, intestinal hypermotility, diar-

Side effects of phototherapy include temperature

rhea, and interference with maternal infant interaction
and rarely bronze discoloration of the skin called

( bronze baby syndrome )'**' . Although phototherapy

increases transepidermal skin water loss, this is not a
clinically important issue in full term infants who are
drinking well. Some infants with jaundice are dehydra-
ted and rehydration will usually lead to a prompt fall in
the serum bilirubin. Enteral feeding should be contin-
ued and this will replace missing fluid, supply energy
and reduce enterohepatic reuptake of the biliru-
bin"*'**'_ Although, interruption of breast feeding and
substitution of formula has been shown to lead to a
more rapid decrease in TSB, it is not necessary to stop
breast feeding as other treatments such as photothera-
py, rehydration will significantly reduce TSB levels de-
spite continuation of breast feeding.

Near term infants have a significantly higher risk for
severe hyperbilirubinemia than term infants, and may
reach their peak concentrations later, on days 5 and 7

%1 Combining the " hour

as opposed to 3 and 5 days!
specific" serum bilirubin concentration with a clinical
risk factor score appears to further improve prediction
of serious hyperbilirubinemia; however the risk score is
not significantly better than the use of gestational age a-
lone for predicting severe hyperbilirubinemia. If the
TSB concentration measured prior to 48 hours is at or
above the 95th percentile, the risk of eventual develop-
ment of severe hyperbilirubinemia is 0. 35 for an infant
born at 37 weeks, but only 0. 1 for an infant born at 40

) To construct the phototherapy

weeks gestation
guidelines in Figure 1 therefore, 1 have calculated
these thresholds which will suggest the use of photo-
therapy for infants with high and low predicted risk of
severe hyperbilirubinemia. This figure may be utilized
for administrating phototherapy in infants =35 weeks
gestation. In order to simplify the risk category one
may use two or more risk factors for classification of
high risk.

Intensive phototherapy is the use for more than two
phototherapy units and has been shown to decrease se-
vere bilirubin at a faster rate. Supplemental intrave-
nous fluids with intensive phototherapy further reduces
severe bilirubinemia concentrations and it can be used
instead of initiating exchange transfusions if there is a
demonstrable effect.

Recommendation: 1) Phototherapy treatment should
be given when the TSB level exceeds levels specified
for the ages and risk as shown in Figure 1; 2) Addi-
tional fluids should be given if the infant is dehydra-
ted. Enteral fluids should be used when possible, as
expressed breast milk or formula; 3) Breast feeding

should be continued.
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transfusion, and development of severe jaundice; how-
—— Lo risk ever, it may not decrease the need for booster transfu-
”m;;“(/)]“, — A High risk sion later.
Recommendation: TVIG therapy should be consid-
300
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Figure 1 Billrubin management guide lines

5.2 Exchange transfusion

If phototherapy fails to control the rising bilirubin
concentrations, exchange transfusion is indicated to
lower serum bilirubin concentrations. For healthy term
newborns without risk factors, exchange transfusion
should be considered when serum conjugated bilirubin
is between 375 and 425 pmol/L. Investigations for
rare causes of severe hyperbilirubinemia are of no value
from blood collected after an exchange transfusion and
therefore should be considered prior to performing the
procedure and appropriate amounts of blood should be
taken and stored for tests such as for red cell fragility,
enzyme deficiency ( GOPD or PK deficiency) and met-
abolic disorder tests, haemoglobin electrophoresis, and
chromosome analysis.

Exchange transfusion can also be considered for the
removal of circulating antibodies. A two volume ex-
change transfusion will remove >60% circulating anti-
bodies. Some experts use rate of rise of TSB as an indi-
cator for exchange transfusion. A rise of >20 micro-
mole/L/hr may be considered for initiation of exchange
transfusion.

Recommendation: 1) Infants with a serum bilirubin
level in the severe range should be referred for further
investigation and consideration of exchange transfusion;
2) An infant with clinical signs of acute bilirubin toxic-
ity should have an immediate exchange transfusion.
5.3 Intravenous immunoglobulin

Intravenous immunoglobulin (IVIG) has been used
in the treatment of hyperbilirubinemia particularly in
the newborns with Rhesus hemolytic disease and other
immune hemolytic jaundice. It acts as a completive in-
hibitor for those antibodies that cause red cell destruc-
tion and release haemoglobin and cause jaundice'®’.

Use of IVIG is shown to decrease the need for exchange

ered as treatment for neonatal jaundice resulting from
immune hemolytic jaundice at a dose of 1g/kg.
5.4 Alternative therapies

Hemoxygenase is the rate-limiting step in degrada-
tion of haemoglobin to bilirubin. A synthetic analog
such as Tin-Mesoporphyrin ( SnMP) , acting as a com-
petitive inhibitor strongly inhibits the activity of hemox-
ygenase and suppresses the production of bilirubin and
eliminates the need for phototherapy and exchange

. 36
transfusions for neonates'

'. Such therapies have been
more prevalent in countries where autosomal dominant
G6PD deficiency is rampant and is not in routinely pre-
scribed in North America although it appears that this
therapy is very efficient, further studies are necessary
for long term effects.

Phenobarbitone studied as a mean of preventing
jaundice did not improve clinically important outcome,
however it appears to work better if used antenatally.

Although breast fed infants are at high risk for devel-
oping severe hyperbilirubinemia, the risk of kernicterus
is very small in comparison with the substantial known

[16, 37]

benefits of breast feeding The risk of severe

jaundice can be minimized by a program of breast-feed-
ing support' ™. Routine supplementation for breast fed
infants is not necessary. The information from a num-
ber of studies indicate that unsupplemented breast fed
infants experience their maximum weight loss by day 3
and on average lose 6% to 8% of their birth
weight ! Infants who lose more than 10% of birth
weight should have a careful evaluation, including e-
valuation by an individual with training and experience

37-39]

in support of breast feeding mothers' . Routine sup-

plementation of water or dextrose water will not prevent

hyperbilirubinemia *’ .

6 Conclusions

Severe hyperbilirubinemia in relatively healthy term
or near term newborns continues to carry a potential
threat for complications from bilirubin encephalopathy
and bilirubin induced neuronal damage. Careful as-
sessment of the risk factors, systematic approach to de-
tection follow up and estimation along with judicious
phototherapy, use of IVIG and exchange transfusion a-
long with appropriate laboratory investigations are re-

quired.
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