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Chapter I 

Introduction
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Bilirubin metabolism

Bilirubin is derived from the Latin words ‘bilis’ and ‘ruber’. An excess amount of un-
conjugated bilirubin (UCB) in the blood results in yellow discoloration of the skin, 
i.e. jaundice, which can be observed in neonatal unconjugated hyperbilirubinemia.

Bilirubin is produced by red blood cell degradation. Red blood cells are enriched 
with hemoglobin which consists of four heme complexes. When heme is degraded 
by heme oxygenase and biliverdin reductase, water insoluble unconjugated bilirubin 
is formed (Figure 1). In the circulation, about 90% of the unconjugated bilirubin is 
bound to albumin and forms water soluble unconjugated bilirubin-albumin complexes. 
These unconjugated bilirubin-albumin complexes are transported to the liver were 
the unconjugated bilirubin is conjugated by uridine diphosphoglucuronosyltrans-
ferase (UGT). Water soluble conjugated- and some unconjugated bilirubin is then 
transported via the biliary tree to the intestine. In conditions of severe unconjugated 
hyperbilirubinemia, transmucosal diffusion of UCB from the blood to the intestinal 
lumen is possible. In the intestinal lumen, conjugated bilirubin is hydrolyzed to un-
conjugated bilirubin. Bacteria then convert the majority of the unconjugated bilirubin 
to urobilinogen. Urobilinogen is easily eliminated in urine and stool. Some of the 
unconjugated bilirubin in the intestinal lumen is reabsorbed to the circulation. This 
reabsorption process of unconjugated bilirubin from the intestine into the circula-
tion is called the enterohepatic circulation (Figure 1).
About 0.1% of the UCB is not bound to albumin and is called free bilirubin or Bf. 
Albumin normally has one binding site with high affinity, and several binding sites 
with lower affinity for UCB. Conditions associated with low albumin concentrations, 
or with displacement of bilirubin from albumin (e.g., by ree fatty acids or drugs such 
as sulfonamides) and individual variability in the binding affinity of the albumin for 
bilirubin may increase Bf concentrations.(1–4) Bf, and not UCB, is able to cross the 
blood brain barrier and may cause bilirubin neurotoxicity.(5,6)

Neonatal hyperbilirubinemia

In the 19th century it was already known that unconjugated hyperbilirubinemia could 
potentially harm the central nervous system of jaundiced newborn infants. Yellow 
staining of deep brain nuclei in jaundiced infants was first reported in 1847. The term 
kernicterus (in German, kern = nucleus; in Greek, ikterus = yellow) was first denoted 
in 1903 to describe the pathological findings of this specific yellow staining pattern.(7) 
Later on, kernicterus was also used to describe the neurological findings in survivors 
of severe hyperbilirubinemia.(7) The clinical spectrum of classical kernicterus is a 
well described pathological and clinical condition including an acute and chronic 
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phase of bilirubin encephalopathy. The clinical conditions associated with less severe 
hyperbilirubinemia are referred to as bilirubin-induced neurological dysfunction 
(BIND).(8,9) BIND refers to more or less subtle neurodevelopmental disabilities 
in infants with a history of excessive hyperbilirubinemia and signs of acute bilirubin 
encephalopathy. These infants can present with auditory dysfunction and/or mild 
neurologic abnormalities such as mild impairment in neurologic and/or cognitive 
performance.(8,9,10)

In the past century, kernicterus was almost exclusively seen in the context of high 
levels of TSB resulting from blood group incompatibility, i.e. rhesus (Rh) hemolytic 
disease. Rh disease became exceptional after the introduction of Rh-immune globulin. 
This and the introduction of phototherapy in 1970 resulted in a decrease in the inci-
dence of kernicterus.(11) Recent data show remarkable differences in the incidence 
of kernicterus, from 1: 40.000 to 1: 150.000 live births.(12) Although infrequently oc-
curring, the devastating neurological sequelae of kernicterus remain a serious threat 
for jaundiced newborn infants.(13,14,15) This is supported by recently published 
case reports on kernicterus in extreme low birth weight infants with only moderate 
neonatal hyperbilirubinemia.(16) Preterm infants are more prone to neurological 
impairment as well as bilirubin neurotoxicity than their term counterparts. 

Figure 1. Bilirubin metabolism 
UCB unconjugated bilirubin, Bf free bilirubin, CB conjugated bilirubin, EHC enterohepatic 
circulation. Adapted from chapter 2.
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Treatment of hyperbilirubinemia is world wide based on total serum bilirubin 
(TSB) levels, although free bilirubin (Bf) seems a better predictor of the risk on 
bilirubin neurotoxicity than TSB.(5) Unfortunately, Bf measurements are not rou-
tinely available. However, the TSB/Albumin (B/A) ratio has been suggested as an 
approximate parameter of Bf: in case of low albumin levels more Bf is available to 
cross the blood brain barrier. Current management guidelines for near term infants 
(> 35 weeks of gestational age) consider low albumin levels as risk factors for the 
development of bilirubin neurotoxicity. Although the B/A ratio may be also valu-
able in the risk assessment of neonates with hyperbilirubinemia, the B/A ratio is not 
incorporated into any guideline for the management of hyperbilirubinemia.(5,17–20)

Aim of this thesis

This thesis provides recommendations aimed to improve management of neonatal 
hyperbilirubinemia in preterm infants. The primary aim of this thesis is to provide data 
on the use of the bilirubin/albumin ratio in the treatment of hyperbilirubinemia in 
preterm infants of less than 32 weeks of gestational age. Furthermore, several diagnostic 
and therapeutic processes in current care of preterm infants with hyperbilirubinemia 
in the Dutch neonatal intensive care units (NICUs) are analyzed.

Outline

Part 1 of this thesis focuses on neonatal hyperbilirubinemia in general and, more 
specifically, on the additional use of the bilirubin/albumin ratio in the management 
of hyperbilirubinemia in preterm infants. Chapter 2 describes the pathophysiology of 
bilirubin neurotoxicity, its clinical spectrum and potential diagnostic tools as well as 
novel treatment modalities to prevent infants from developing severe unconjugated 
hyperbilirubinemia and bilirubin neurotoxicity. Numerous data underline the role 
of free bilirubin (Bf) herein. As mentioned previously, Bf is more closely related to 
the development of bilirubin neurotoxicity compared to TSB.(21) To approximate 
the free bilirubin level, the use of the bilirubin/albumin ratio (B/A ratio) has been 
suggested. Chapter 3 reviews the literature on the use of the B/A ratio in predicting 
BIND including neurodevelopmental impairment in preterm infants of less than 
32 weeks of gestational age with unconjugated hyperbilirubinemia. This resulted in 
a randomized controlled trial aimed to assess the concurrent use of the B/A ratio 
and the TSB level in the management of preterm infants with hyperbilirubinemia 
the B/A Ratio Trial (BARTrial) presented in Chapter 4.
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Part 2 of this thesis is composed of 4 studies aimed to improve the management 
of hyperbilirubinemia in preterm infants resulting in pratical recommendations.

As previously mentioned, treatment thresholds for hyperbilirubinemia are based 
on the TSB level. Frequent blood sampling for TSB measurement is necessary for 
appropriate management of hyperbilirubinemia in preterm infants. The use of non-
invasive transcutaneous bilirubin (TcB) measurements approximating total serum 
bilirubin levels in the management of hyperbilirubinemia is recommended in term 
infants.(22) Recommendations on the management of hyperbilirubinemia in preterm 
infants do not yet include TcB measurements. There is a paucity of evidence based 
data on the use of TcB measurements in preterm infants, especially when receiving 
phototherapy. Chapter 5 focuses on the clinical applicability of TcB measurements in 
preterm infants receiving phototherapy. Furthermore we analyzed effects of specific 
TcB cut-off levels regarding the reduction in the need for blood samples without 
missing severe hyperbilirubinemia.

To date evidence based treatment thresholds for hyperbilirubinemia in preterm 
infants are still lacking and various guidelines are used.(23) Chapter 6 explores the 
applied TSB treatment thresholds in the Dutch neonatal intensive care units (NICUs) 
and presents novel, consensus-based TSB treatment thresholds for hyperbilirubinemia 
in preterm infants of less than 35 weeks of GA. This guideline includes TSB-based 
thresholds for PT and ET for normal and high risk preterm infants.

Phototherapy is considered an efficient treatment in the majority of preterm 
infants with hyperbilirubinemia. Efficacy of phototherapy depends, amongst other 
factors, on irradiance levels. Recommendations on effective phototherapy include 
irradiance levels of phototherapy devices between 8 to 10 µW/cm2/nm.(22,25) In 
chapter 7 the clinical practice conditions of phototherapy (PT) and irradiance levels 
of PT devices in all Dutch NICUS are analyzed. Subsequently, recommendations 
are given to improve the efficacy of PT.

Obviously, variability in laboratory bilirubin (and albumin) measurements af-
fects treatment decisions (start or intensify phototherapy, or perform an exchange 
transfusion). Data on variability of bilirubin and albumin measurements in the 
neonatal range are scarce and unavailable for Dutch laboratories. Chapter 8 analyzes 
the interlaboratory variability of neonatal bilirubin and albumin measurements in 
the Dutch NICUs and describes the implementation of a quality assessment scheme 
for these measurements.

Chapter 9 summarizes the main results of all studies included in this thesis and 
future perspectives are discussed to further improve the management of hyperbili-
rubinemia in preterm infants.
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