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INTRODUCTION

Neonatal jaundice is the most common cause of readmission after discharge from the newborn nursery, affecting
more than 60-80% of newborns.! While most cases of jaundice are self-limited, a small number of infants can
experience neurologic complications from excessive bilirubin. Acute bilirubin encephalopathy refers to a clinical
syndrome of severe hyperbilirubinemia, lethargy, hypotonia and poor suck.2 Acute bilirubin encephalopathy can
progress to symptoms including hypertonia (with opisthotonos and retrocollis), seizures, and coma. Kernicterus refers
to the pathologic diagnosis of bilirubin deposits in the neurons with neuronal necrosis impacting the basal ganglia and
brainstem nuclei.

HYPERBILIRBINEMIA OVERVIEW

The human body continuously forms bilirubin, and newborn infants produce relatively more bilirubin than any other
age group. The typical bilirubin load of the newborn is higher than adults; often 2 to 3 times that of an adult. Bilirubin
is a product of the normal destruction of circulating erythrocytes, which have a shortened lifespan in the newborn
infant. Some infants have excessive bilirubin production and a correspondingly elevated load of unconjugated
bilirubin.

Unconjugated bilirubin is lipid-soluble and must be transported to the liver in the plasma, bound reversibly to
albumin. It is thought that free bilirubin is the component that crosses the blood-brain barrier and can lead to
neuronal damage, as such, low albumin levels can increase the risk of kernicterus.? In the liver, bilirubin is transported
across hepatic cell membranes where it binds to ligandin for conjugation. A liver enzyme, uridine
diphosphoglucuronate glucuronosyltransferase (UDGT), conjugates bilirubin and converts it to water-soluble bilirubin
pigments that can be excreted into the bile. Bilirubin excreted into bile then exits the body via the intestines or is
filtered out through the kidneys. Bilirubin pigments in the gut that are not eliminated can be reabsorbed into the
circulation as unconjugated bilirubin, essentially recycling the bilirubin load, a process called enterohepatic
recirculation.

It is estimated that approximately 2% of infants will experience a total serum bilirubin concentration of greater than
340 umol/L.2 Acute bilirubin encephalopathy does not occur in full-term infants that have a TSB less than 340
umol/L and is unlikely unless TSB exceeds 425 umol/L.

Based on past registry data, more than 75% of infants with acute bilirubin encephalopathy had a bilirubin level
greater than 515 umol/L.

Based on the 2022 American Academy of Pediatrics (AAP) and 2025 Canadian Pediatric Society (CPS) position
statements, severe hyperbilirubinemia is defined as a TSB >425 umol/L within the first 28 days of age.
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Hyperbilirubinemia Complications (Figure 1)3
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TESTING FOR HYPERBILIRUBINEMIA

The only way to reliably determine the presence of hyperbilirubinemia in a neonate is collecting either a total serum
bilirubin (TSB) or a transcutaneous bilirubin (TcB). A transcutaneous bilirubin level is reasonably accurate for
screening, particularly at lower levels of bilirubin. However, TcB may be unreliable after phototherapy has been
initiated, or with changes in skin color and thickness. As such, elevated TcB levels are often confirmed with a TSB
concentration.

Currently in the Calgary Zone, PHN will use TcB if the infant meets all of the below criteria #°
= Newborn born at greater than or equal to 35 weeks gestation,
= Newborn is less than or equal to 10 days of age, and
= Newborn has not received phototherapy or an exchange transfusion.

Importantly, the subjective level of visual jaundice in a neonate does not accurately correlate with their serum
bilirubin. Typically, jaundice is not evident on clinical assessment when the TSB concentration less than 68 umol/L.
Studies have demonstrated that only 50% of neonates with a TSB concentration >128 umol/L appeared jaundiced.
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There may be a difference of up to 100 umol/L between visual estimates and laboratory values for bilirubin
concentration.

As per Alberta Precision Labs reference material, for children between the ages of 7 days and 5 months less a day, if

the total or neonatal bilirubin result is greater than 20 umol/L, the results for conjugated bilirubin and the percentage
of conjugated bilirubin will also be reported.® The reported laboratory error for total serum bilirubin is approximately
5%. As such, the reported bilirubin values should be considered in the context of the patient’s presentation.

When a neonate presents to the ED with a concern for jaundice, TSB can be obtained from a venopuncture or a heel
poke. Discretion can be used site to site on how to obtain this based on staffing comfort, preference and skill level.
The advantage of doing venopuncture is if laboratory tests are required based on the neonates presentation they can
be concurrently drawn.

Important note on hemolysis: Hemolysis falsely decreases conjugated bilirubin levels. Interpret any result that is
hemolysed with caution and recollect if the number is close to compromising 20% of the TSB or >17 umol/L .7 (see
differential diagnosis below).

RISK FACTORS FOR HYPERBILIRUBINEMIA

In the 2022 AAP and 2025 CPS guidelines, two sets of jaundice risk factors are defined: neurotoxicity risk factors,
with some overlap between them. Hyperbilirubinemia risk factors increase a neonates baseline risk for developing
this condition, while neurotoxicity risk factors increase the toxic effects of bilirubin on a neonates brain. Individually
these risk factors are of limited predictive value, but risks are additive. Only the neurotoxicity risk factors are
incorporated into the phototherapy and exchange transfusion thresholds.

Hyperbilirubinemia Risk Factors Neurotoxicity Risk Factors
= Lower gestational age at birth (<38 weeks) = Lower gestational age at birth (<38 weeks)
= Appearance of jaundice noted in the first 24 hours post-birth = Hypoalbuminemia (serum <30 g/L)
= Evidence of hemolysis, with suspicion based on positive results = Asuspected of diagnosed hemolytic
from specific testing (e.g. DAT, peripheral blood smear, condition*
hemoglobin levels, G6PD assay, pyruvate kinase assay, or others) = Suspected or culture proven sepsis
= Need for phototherapy in the first 72 hours of age = Significant hemodynamic or respiratory
= Parent or sibling with a history of hyperbilirubinemia requiring instability (or both) in the preceding 24 hours
phototherapy or exchange transfusion
= Family history or genetic predisposition to inherited red blood cell *Hemolysis may be suspected based on a rapid rate of
disorders causing hemolysis (i.e. G6PD) increase in TSB >5 umol/L/hr (within 24 hours post birth)
= Suboptimal oral feeding volume or excessive weight loss or 3.5 umol/L/hr (beyond 24 hours post-birth).
= Significant bruising or cephalohematoma
= Polycythemia

DIFFERENTIAL DIAGNOSIS FOR HYPERBILIRUBINEMIA

The majority of this document outlines how to diagnose, risk stratify, treat and arrange appropriate disposition for
unconjugated hyperbilirubinemia. In all neonates presenting with jaundice it is essential to complete a thorough
clinical assessment and consider the differential diagnosis.

Specifically, prompt identification of a neonate with biliary atresia is essential due to the time sensitivity of
efficacious treatment. Red flags for these neonates is a conjugated bilirubin >20% of the TSB, or a conjugated level
>17 umol/L /
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Unconjugated Hyperbilirubinemia

Physiologic Unconjugated hyperbilirubinemia that occurs after 24hrs and can last up to 1 week
Bilirubin levels peak in first 3-5 days and decline to adult values over the next several weeks
Caused by an increased in red blood cell volume, shorter life span of RBCs and an immature UGT system.
Breastfeeding Most common cause of unconjugated hyperbilirubinemia
Jaundice Breastfeeding aggravates physiologic jaundice due to an increase in enterohepatic circulation due to
caloric deprivation (infants need between 8-12 feed per day in the first few days postpartum)
Breast Milk Usually occurs from the 6th-14th day of life and can last up to 1-3 months
Jaundice Breast milk is hypothesized to inhibit UGT leading to unconjugated hyperbilirubinemia
Hemolysis ABO/RH incompatibility

G6PD Deficiency
Hemoglobinopathies
Minor blood group incompatibility (i.e. Anti-E antibodies

Birth Trauma

Cephalohematoma
Excessive bruises

Congenital Crigler-Najjar Syndrome
Conditions Gilbert Syndrome

Duodenal atresia
Sepsis Bacterial/Viral

Congenital infections (TORCH)

Conjugated Hyperbilirubinemia (>20% of TSB)

Structural Biliary Atresia: Urgent diagnosis required

Choledochal cyst, bile duct stricture

Congenital hepatic fibrosis
Drugs Sulfisoxazole, Streptomycin, Benzyl Alcohol, Chloramphenicol
Inherited Dubin-Johnson Syndrome: Deficient conjugation of bilirubin
Disorders Rotor Syndrome: Deficient conjugation of bilirubin
Metabolic Hypothyroidism, Galactosemia, A1-Anti-tyrpsin
Disorders
Sepsis Bacterial

Viral

Congenital infections (TORCH)
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Neonatal Physiologic Hyperbiliruinemia Pathogenies (Figure 2).2

Physiologic Neonatal Jaundice: Pathogenesis
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PHOTOTHERAPY & EXCHANGE TRANSFUSION TSB LEVELS

Figure 2: Phototherapy thresholds for infants with no neurotoxicity risk factors. Adapted from: Guidelines for detection, management
and prevention of hyperbilirubinemia in term and late preterm newborn (> 35 or more weeks' gestation). CPS 2025.2
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Figure 3: Phototherapy thresholds for infants with neurotoxicity risk factors. Adapted from: Guidelines for detection, management and
prevention of hyperbilirubinemia in term and late preterm newborn (> 35 or more weeks' gestation). CPS 2025.2

350
300
250
=3 200 0238 weeks
E ® 37 weeks
= ® 36 weeks
]
bl @ 35 weeks
150
100 Neurotoxicity risk factors
Hypoalbuminemia (serum albumin <30 g/L)
Isoimmune hemolytic disease or other hemolytic conditions
Sepsis
Significant clinical instability in the preceding 24 hours
50
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 288 300 312 324 336
Age (in hours)
Source: Guidelines for detection and mar of hyperbilirubi ia in term and late preterm newborns, © Canadian Paediatric Society, 2025. Also available at www.cps.ca

Developed by: Dr. Nicholas Monfries, Pediatric Emergency Physician, Patient Safety Lead
Reviewed by: Dr. Carrah Bouma (PLC), Dr. Lea Restivo (ACH PHM), Dr. Khorshid Mohammad Last Updated: April 2025

(NICU)

TOC | Page 6 of 11



PEDIATRIC

CLINICAL CARE GUIDELINES

l.l Alberta Health

Alberta Chi\dren’s Hospital B Services

Figure 4: Exchange transfusion thresholds for infants with no neurotoxicity risk factors. Adapted from: Guidelines for detection,
management and prevention of hyperbilirubinemia in term and late preterm newborn (= 35 or more weeks' gestation). CPS 2025.'
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Figure 5: Exchange transfusion thresholds for infants with neurotoxicity risk factors. Adapted from: Guidelines for detection,
management and prevention of hyperbilirubinemia in term and late preterm newborn (> 35 or more weeks' gestation). CPS 2025.2
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DISPOSITION PATHWAY
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PHOTOTHERAPY

Phototherapy can be used to present severe hyperbilirubinemia in infants with moderate elevation in TSB
concentration, as well as initial therapy for infants with severe hyperbilirubinemia.

Phototherapy converts bilirubin that is present in the superficial capillaries and interstitial spaces to water-soluble
isomers that are excretable without further metabolism by the liver.8 When phototherapy illuminates the skin, an
infusion of discrete photons of energy are absorbed by bilirubin in the same way that a drug molecule binds to a
receptor. Bilirubin molecules in skin exposed to light undergo relatively quick photochemical reactions to form
nontoxic, excretable isomers. These bilirubin isomers have different shapes from the native isomer, are more polar,
and can be excreted from the liver into the bile without undergoing conjugation or requiring special transport for
their excretion. Urinary and gastrointestinal elimination are both important in reducing the bilirubin load.

Side effects of phototherapy include:*
Temperature instability
Intestinal hypermotility
Diarrhea
Skin discoloration (rare)

Phototherapy is typically delivered through florescent lights, but fiberoptic phototherapy systems (blankets) can also
be used to deliver phototherapy.

A higher intensity of light being delivered to the infant (who is properly exposed; leaving a diaper in place with eye
pads) is more effective at clearing bilirubin. As such, the CPS recommends the following for phototherapy:?
Intensive phototherapy (2 fluorescent lights or ‘triple therapy’) for infants with severe hyperbilirubinemia or
those at greatly elevated risk of developing severe hyperbilirubinemia.
Conventional phototherapy (1 fluorescent light or ‘double therapy’) for infants with a moderately elevated risk
and a TSB concentration of 35 pumol/L to 50 pmol/L below the thresholds

Phototherapy Administration in the ED (ACH)
Phototherapy devices are not owned or housed in the emergency department, or central supplies. If you have a
patient who is ordered phototherapy to be started in Emergency, NICU will lend the ED the devices to do this.

Phototherapy will be ordered as single, double or triple lights. If it is single, use one of the following. If double is
required use both.

neoBLUE blanket

neoBLUE LED phototherapy overhead light
*Refer to local hospital guidelines regarding the use of these devices*

For single therapy, the blanket is recommended as it is placed under the infant, and the infant does not need to be
exposed. Families can continue to hold/feed infants while they are receiving phototherapy.

If using the overhead lights be aware that these do not emit heat like a radiant warmer and the temperature of the
infant will need to be closely monitored.

If triple phototherapy is ordered, the patient should be admitted ASAP. However, if there is a delay, NICU can bring an
isolette with a Giraffe light and they will help us set it up and provide just in time training for use.
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Things to remember when using phototherapy:
Eye protection is essential and can be obtained from NICU.
Turn off lights when drawing bilirubin. Lights can affect samples in the tube.
Ensure maximum skin surface area is exposed to the light source, diapers can be left on.
Check temperature every 30 minutes until stable.
Check light intensity with neoBLUE radiometer (borrow from NICU) on initiation, with set-up changes and
every 12 hours.

Breastfeeding
Breastfeeding during phototherapy is not associated with adverse clinical outcomes and is encouraged.

Intravenous Fluids

There is evidence that infants with severe nonhemolytic jaundice (who are not obviously volume deplete) may have
better outcomes (reduced frequency of exchange transfusion) when they receive supplemental intravenous fluids.
Supplemental oral fluids may be as effective as intravenous fluids. CPS recommends considering supplemental fluids
in patients with increased risk factors for exchange transfusion.

Laboratory Investigations

A repeat bilirubin level should be checked within 4-6 hours following initiation of phototherapy to assess response if
patient remains in the ED (repeat levels may not be required in the setting of physiologic jaundice). As per the AHS
Hyperbilirubinemia guideline, a follow-up TSB level is recommended six (6) hours following the initiation of
phototherapy or four (4) hours following initiation of phototherapy if previous TSB levels demonstrated a pattern of a
rapidly rising bilirubin level, or with a critical TSB level greater than 400 micromoles per litre (umol/L).

EXCHANGE TRANSFUSION

An exchange transfusion may be indicated in patients who do not respond to their initial phototherapy treatment,
particularly if the TSB remains higher 375 umol/L despite intensive phototherapy.

Infants who present with signs of acute bilirubin encephalopathy should have an immediate exchange transfusion
(start intensive phototherapy while waiting for the exchange transfusion).

FOLLOW-UP

Patients who present to the ED and are found to have TSB concentration below the treatment threshold for
phototherapy, and are otherwise well, can be discharged home. Community health follow up should be arranged for a
reassessment of the infant in 24-48 hours - please specifically request an in-person assessment in the referral as
phone follow-ups is the default.

In Calgary, postpartum public health clinics are available for follow-up and patients can self-refer to these clinics
(parents must call the Early Start Parent Information Line at 403-244-8351). The clinics provide the following
services for families with infants 0-2 months of age:

Newborn assessments including checking for jaundice

Postpartum assessment for new mothers includes physical and psychosocial assessments including domestic

violence

Support with infant feeding including lactation consultants to help with breastfeeding

Parenting information

Information about newborn care, safety, growth, and development

Referrals to social worker support as needed

Referrals to doctors and community services as needed
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Alternatively, physicians can enter a referral to these clinics through Connect Care. This referral can be found by
searching for Ambulatory Referral to Public Health Postpartum - Infant only in the disposition order tab and then
selecting the desired location. Specifically request an in-person assessment in the referral as phone follow-ups is the
default. The clinic locations that offer postpartum services in the Calgary & South Zone include:

Airdrie Community Health Centre

Banff Community Health Centre

Canmore Provincial Building

Chestermere Community Health Centre

Claresholm Community Health Centre

Cochrane Community Health Centre

East Calgary Health Centre

High River Public Health Centre

Nanton Community Health Centre

North Hill Community Health Centre

Oilfields General Hospital

Okotoks Health and Wellness Centre

Shaganappi Complex

South Calgary Health Centre

Strathmore Public Health Office

Vulcan Community Health Centre
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