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Summary

The management of hyperbilirubinemia in preterm infants is a daily practice for most 
neonatologists. An excess amount of unconjugated bilirubin in the blood results in 
yellow discoloration of the skin, i.e. jaundice, which can be observed in neonatal 
hyperbilirubinemia. Hyperbilirubinemia is very common in preterm infants and 
can potentially harm the central nervous system. The clinical spectrum of signs of 
bilirubin neurotoxicity relates to the bilirubin-induced damage to specific brain 
areas. Although acute kernicterus is an unambiguous clinical disorder in severely 
jaundiced newborn infants with the possibility of permanent sequelae, subtle forms 
of bilirubin-induced neurological dysfunction (BIND) have been described more 
recently. BIND can present with auditory dysfunction and/or mild neurologic ab-
normalities such as mild impairment in neurologic and/or cognitive performance. 
The risk of kernicterus and BIND may be in part determined by the concentration 
of Total Serum Bilirubin (TSB), which in neonates consists almost exclusively of 
unconjugated bilirubin (UCB), but is primarily determined by the concentration of 
non-albumin bound free bilirubin (Bf). Bf can easily pass the blood-brain barrier, 
and may better reflect the bilirubin load distributed in the brain. Unfortunately, 
measurement of Bf is clinically not available and treatment thresholds are based on 
TSB levels. However, the bilirubin/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 GA) consider low albumin levels as risk factors for the development of 
bilirubin neurotoxicity. Although the B/A ratio may be valuable in the risk assess-
ment of neonates with hyperbilirubinemia, it is not incorporated into guidelines 
for the management of hyperbilirubinemia.

Preterm infants are more prone to neurological impairment as well as bilirubin 
neurotoxicity than their term counterparts. In this thesis variable studies are pre-
sented with the aim to improve the management of neonatal hyperbilirubinemia 
in preterm infants of less than 32 weeks of gestational age. The basis of the thesis 
was this lack of evidence on the use of the B/A ratio in relation to neurodevelop-
mental outcome in preterm infants. In chapter 3 we reviewed the literature on the 
use of the B/A ratio in addition to TSB in the management of hyperbilirubinemia 
in preterm infants. Abnormal Auditory Brainstem Responses and lower IQ scores 
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at 6 years were associated with high B/A ratios as well as lower albumin levels in 
infants with postmortem findings of kernicterus. However, considering the lack of 
prospective clinical trials supporting the clinical benefit regarding B/A ratio and 
outcome, a randomized controlled trial investigating the concurrent use of the B/A 
ratio and the TSB in the management of preterm infants with hyperbilirubinemia 
(BARTrial, Chapter 4) was conducted. In chapter 4 we aimed to determine the ef-
fects of the B/A ratio in addition to TSB in the management of preterm infants with 
hyperbilirubinemia on their neurodevelopmental outcome at 18 to 24 months after 
the expected date of delivery. We found no significant difference in the rate of the 
composite motor score at 18 to 24 months of age between the infants assigned to the 
B/A ratio compared to the TSB group. These results indicate that it is not valuable to 
incorporate the B/A ratio thresholds in current guidelines on hyperbilirubinemia in 
preterm infants. However, we found a significantly reduced mortality in the group of 
infants with a birth weight of more than 1000 grams in the group treated according 
to the B/A ratio which we could not explain from a pathofysiological point of view. 
Therefore, additional clinical trials are needed to explore the role of the B/A ratio 
and birth weight in preterm infants with hyperbilirubinemia.

Non-invasive transcutaneous bilirubin measurements are extensively analyzed in 
term and preterm infants. There is a paucity of evidence based data on the use of TcB 
measurements in preterm infants, especially when receiving phototherapy. This was 
the basis of chapter 5 of this thesis in which we analyzed the relation of TcB and TSB 
measurements before, during and after phototherapy. Furthermore we determined 
effects of specific TcB cut-off levels regarding the reduction in the need for blood 
samples without missing severe hyperbilirubinemia. We found that TcB levels mea-
sured on the covered hipbone can be used in preterm infants receiving phototherapy. 
This is only useful in safely reducing the number of blood samples without missing 
high TSB levels when a cut-off level of the calculated TcB plus 50 µmol/L is used at 
70% of the TSB threshold. Additional studies are needed to implement the use of 
TcB measurements in neonatal care as well as to evaluate this implementation.

Due to lack of evidence based TSB thresholds for preterm infants with hyper-
bilirubinemia, variation in applied TSB treatment thresholds exists. Treatment 
thresholds for preterm infants with hyperbilirubinemia had to be uniform in order 
to conduct the BARTrial. Chapter 6 explores the applied TSB treatment thresholds 
in the Dutch neonatal intensive care units (NICUs). Large variation in applied TSB 
threshold existed in the NICUs. Novel, consensus-based TSB treatment thresholds 
for hyperbilirubinemia in preterm infants of less than 35 weeks of GA were developed.

Next to implementation of the consensus-based TSB treatment thresholds, 
clinical practice conditions of phototherapy were assessed and irradiance levels of 
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phototherapy devices were measured in all NICUs. Chapter 7 presents our findings 
that PT devices in the Dutch NICUs show considerable variability with often too 
low irradiance levels. This can be explained by the fact that phototherapy devices 
are placed too far away from the infant and the lack of awareness among healthcare 
workers on the other factors that influence the effective use of PT. Furthermore, ir-
radiance levels should be measured regularly with a radiometer.

To further standardize the care of hyperbilirubinemia in preterm infants, reliabil-
ity and exchangeability of bilirubin and albumin measurements among laboratories 
was essential. Quality assessment for neonatal bilirubin and albumin levels did not 
exist in the Netherlands. In chapter 8 we analyzed the laboratory measurement of 
bilirubin and albumin levels in the neonatal range of the 10 NICUs and found high 
interlaboratory variability. This could, for obvious reasons, result in over- or under 
treatment of infants with hyperbilirubinemia. To analyze and improve the interlabo-
ratory variability a tailor made Quality Assessment Scheme for neonatal samples is 
available in the Netherlands now.

The studies presented in this thesis together propose a set of recommendations 
on the management of hyperbilirubinemia in preterm infants of less than 35 weeks 
of gestational age in the Netherlands. To establish this, the Dutch NICUs combined 
their efforts in a Dutch Neonatal Research Network (Nederlands neonatal research 
network, NNRN). Future objectives would be to organize benchmark visits to 
the NICUs to evaluate the results of the recommendations for the management 
of hyperbilirubinemia in preterm infants. Furthermore, new studies in the field of 
hyperbilirubinemia should be organized by the NNRN to further improve the care 
and neurodevelopmental outcome of preterm infants.
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