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Introduction

This thesis shows the results of several studies in preterm infants with unconjugated 
hyperbilirubinemia. Primarily, evidence on the use of the B/A ratio in the manage-
ment of hyperbilirubinemia in preterm infants of less than 32 weeks of gestational 
age is provided (chapter 3 and 4). Furthermore, recommendations are given on the 
use of transcutaneous bilirubin levels (chapter 5). The background and synopsis of 
Dutch consensus-based total serum bilirubin thresholds is described (chapter 6), 
recommendations on the effective use of phototherapy (chapter 7) and on a quality 
assessment scheme for laboratory measurements of neonatal bilirubin and albumin 
(chapter 8) are given. Combining the results of the studies, we propose a set of recom-
mendations on the management of hyperbilirubinemia in preterm infants of 35 or 
less weeks of gestational age (Appendix 1). To establish these studies on hyperbili-
rubinemia, the Dutch NICUs collaborated closely and combined their joint efforts 
in a Dutch Neonatal Research Network (Nederlands Neonatal Research Network, 
NNRN), in which all 10 Dutch NICUs participate.

Guidelines on the management of hyperbilirubinemia  
in preterm infants

The management of hyperbilirubinemia in preterm infants is a daily practice for most 
neonatologists. Since exchange transfusions have become exceptional, phototherapy 
devices are, as to speak, part of the NICU furniture. As discussed in chapter 6, the 
TSB thresholds used for preterm infants are far from evidence based. As a result 
variable guidelines are used among NICUs.(1–14)

The Dutch consensus based treatment thresholds presented in chapter 6 of this 
thesis are based on TSB level per birth weight category. Lower TSB thresholds are used 
for infants at risk for developing severe hyperbilirubinemia or bilirubin neurotoxicity. 
The Dutch thresholds are very similar to the recently published thresholds of Maisels 
et al. for preterm infants, but lower than the thresholds recently recommended in 
the UK.(1,15) In contrast to the Dutch thresholds, the American approach and the 
NICE guideline based their thresholds on gestational age. To be able to compare 
our thresholds with the ones of Maisels et al. and the NICE, we converted the birth 
weight categories into gestational age categories based on the mean birth weight and 
corresponding gestational ages from the Dutch perinatal registry (PRN).(16) Table 1 
shows a comparison of these guidelines.(1,15)
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Table 1. Comparison of TSB thresholds for the use of phototherapy in preterm infants

Gestational age NICE 2010 Maisels 2012 Dutch thresholds* Birth weight

<28 130–170 86–103 100 <1000

28 180 103–137 100–150 1000–1250

29 190 103–137 100–150 1000–1250

30 200 137–171 150–190 1250–1500

31 210 137–171 150–190 1250–1500

32 220 171–205 190–210 1500–2000

33 230 171–205 190–210 1500–2000

34 240 205–239 220–240 >2000

35 250 205–239 220–240 >2000

 

TSB = total serum bilirubin in µmol/L. Gestational age in weeks. Ranges for all the TSB PT thresholds 
of Maisels are given. The lowest range is used for infants at greater risk to develop severe hyperbili-
rubinemia. Risk factors are given in Table 2. The range in TSB PT thresholds of 130 to 170 µmol/L for 
infants of less than 28 weeks of gestational age of the NICE guideline reflects thresholds for infants 
of 23 to 28 weeks of gestational age. 

* based on the mean birth weight (p50) for each full week of gestational age in the Dutch  
   population of newborns, derived from the PRN database.(16)

The NICE guideline includes recommendations for the management of hyperbiliru-
binemia in infants of 23 or more weeks of gestational age, and intended to base these 
upon studies with the highest available level of evidence. With regard to treatment 
thresholds, no robust evidence was found in their literature search to determine safe 
TSB based treatment thresholds for term and preterm infants. Therefore, TSB based 
PT thresholds were determined according to the formula: phototherapy threshold 
bilirubin (µmol/L) = (gestational age × 10) − 100. Separate nomograms are designed 
for infants ranging from 23 to 37 weeks of gestational age. The thresholds rise from 
40 µmol/L L at birth to a plateau TSB level after 72 hours.(1)

Since high level of evidence on the management of hyperbilirubinemia in preterm 
infants is lacking, the recommendations of Maisels et al. did not meet American 
Academy of Pediatrics (AAP) requirements for guidelines and are thus called an ap-
proach. TSB treatment thresholds are lower when compared to the NICE guideline, 
especially for infants of lower GA.(11,15)

Unlike the recommendations of Maisels et. al and the Dutch, the NICE guideline 
does not use lower thresholds to start treatment for infants with risk factors. The NICE 
guideline describes an increased risk for the development of severe hyperbilirubinemia 
in infants of 38 or less weeks of gestational age, infants with jaundice within the first 
24 ours of birth or an increase in severity of clinically apparent jaundice and infants 



144

whose parents had the intention to breastfeed exclusively. Although not evidence 
based, a previous sibling with neonatal jaundice was regarded as an additional risk 
factor. In addition, a high TSB levels (> 340 µmol/L), rapidly rising TSB levels and 
clinical features of acute bilirubin encephalopathy increase the risk on kernicterus 
or other adverse sequelae. These risk factors are included in the NICE guideline. 
However, the NICE guideline does not specify how to treat these infants at risk dif-
ferently.(1) Table 2 shows that the Dutch risk factors are very similar to the ones of 
Maisels et al..(15) Risk factors may increase the chance to develop hyperbilirubinemia 
by more bilirubin production or less elimination, or a risk factor may increase the 
chance that bilirubin enters and harms the brain.(15) Unfortunately, there is only 
limited and sometimes contradictory evidence on the risk factors that predispose 
the infants at greater risk to develop severe hyperbilirubinemia or bilirubin neuro-
toxicity.(17,18,19,20)

Table 2. Comparison of risk factors for the development of severe hyperbilirubinemia

Maisels et al. 2012 Van Imhoff et al. 2011

•	 Apnea and bradycardia requiring cardio-
respiratory resuscitation in prior 24h 

•	 Mechanical ventilation at the time of 
blood sampling 

•	 Rapidly rising TSB levels suggesting  
hemolytic disease 

•	 Blood pH < 7.15 
•	 Sepsis (positive blood culture) in prior 24h 
•	 Hypotension requiring pressor treatment 

in prior 24h 
•	 Lower gestational age  
•	 Serum albumin levels < 25 g/L

•	 Asphyxia (Apgar score < 3 after 5 min) 
•	 Hypoxemia (PaO2 < 5.3 kPa > 2 h) in 

prior 24 h 
•	 Hemolysis with positive Coombs 
•	 Blood pH < 7.15 > 1 h in prior 24 h 
•	 Sepsis with the use of vasopressors 
•	 Meningitis 
•	 Intracranial hemorrhage (> grade 2)  

 

 

h = hours

Conditions that increase the fraction of free bilirubin are associated with low albumin 
concentrations, or with displacement of bilirubin from albumin (e.g., by sulfonamides 
or free fatty acids) and conditions which potentially increase the vulnerability to 
bilirubin neurotoxicity are related to a decreased intactness of the blood-brain barrier 
(e.g. hyperosmolality, hypercapnia, asphyxia, prematurity, infection, and sepsis) and 
can result in a net increase of bilirubin uptake in the brain.(21) Oh et al. showed in 
extreme low birth weight infants that clinical status affected the association between 
TSB level and neurodevelopmental outcome. High TSB levels in unstable infants were 
directly associated with an increased risk of death or adverse neurodevelopmental 
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outcome, while instable infants this association was absent.(22) Additional clini-
cal trials are needed to explore the effect of hyperbilirubinemia and presumed risk 
factors on neurotoxicity and the neurodevelopmental outcome of preterm infants.

The bilirubin/albumin ratio

The role of the B/A ratio as an additional parameter to the TSB level in the manage-
ment of neonatal hyperbilirubinemia has been debated for a long time. On the one 
hand there is more free bilirubin when albumin levels are low while on the other 
hand interindividual variations in intrinsic bilirubin-albumin constant and in levels 
of albumin exists as well as the possibility that TSB binds to alternative binding sites.
(23,24) Chapter 3 reviews the literature on the use of the B/A ratio in the manage-
ment of hyperbilirubinemia. Abnormal auditory brainstem responses and lower 
IQ scores at 6 years were associated with high B/A ratios as well as lower albumin 
levels in infants with postmortem findings of kernicterus. The NICE reviewed the 
literature as well and included our review as well as two other studies on the use of 
the B/A ratio in the management of hyperbilirubinemia. These two other studies, 
an Indian and a Canadian study, showed, in (near) term infants that the B/A ratios 
and B/A molar ratios correlated significantly to free bilirubin levels (r = 0.74 and 0.75 
respectively).(1,25,26) From these data we might conclude that the B/A ratio is valu-
able in the management of hyperbilirubinemia. The NICE guideline working group 
had the opinion that the evidence on the use of the B/A ratio in the management of 
hyperbilirubinemia was not strong enough to include the B/A ratio in their recom-
mendations. Furthermore it was stated that laboratory albumin levels are frequently 
overestimated and therefore influence the B/A ratio. At the time the NICE guideline 
was published, they suggested awaiting the results of the BARTrial.(1)

Subsequently to the findings of our review that the B/A ratio may be valuable in 
the management of hyperbilirubinemia, we conducted a randomized controlled trial 
on the additional use of the B/A ratio in the management of hyperbilirubinemia in 
preterm infants. Chapter 4 (BARTrial) shows that the additional use of the B/A ratio is 
not beneficial in the treatment of hyperbilirubinemia in preterm infants. Infants, who 
were treated according to the B /A ratio, did not have a better neurodevelopmental 
outcome as compared to the group treated following the TSB-only thresholds. These 
results would indicate that it is not valuable to incorporate the B/A ratio thresholds 
in current guidelines on hyperbilirubinemia in preterm infants. Consequently we 
did not include the B/A ratio in our set of recommendations (appendix 1) for the 
management of hyperbilirubinemia. 

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 
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ratio. In contrast, Morris et al. found in their study on aggressive versus prophylactic 
PT treatment in preterm infants a trend towards increased mortality in infants of less 
than 750 grams in the aggressive PT group.(27) The reduced mortality in infants of 
more than 1000 grams in the BARTrial was not associated with less PT, while the 
increased mortality in the study of Morris et al. may be attributed to more oxidative 
stress injury to cell membranes due to lower levels of bilirubin which also has an anti 
oxidant function when moderately increased.(27,28) We cannot explain why infants 
of more than 1000 grams in the BARTrial showed a reduced mortality. We can only 
speculate that the reduced mortality may be associated with the additional use of the 
B/A ratio in preterm infants with hyperbilirubinemia. We compared the BARTrial 
results on mortality to historical cohorts registered in the Dutch Perinatal Registry 
(PRN): Mortality in the B/A ratio group of infants weighing more than 1000 gr was 
also significantly lower compared to the same birth weight group in recent historical 
cohorts treated according to the novel TSB treatment thresholds.(16) Therefore, ad-
ditional clinical trials are needed to explore the role of the B/A ratio and birth weight 
in preterm infants with hyperbilirubinemia.

Transcutaneous bilirubin levels

Transcutaneous bilirubin measurements are extensively analyzed in term and preterm 
infants. TcB levels are more accurate in the assessment of jaundice than visual inspec-
tion and that the BiliCheck is more accurate than the JM-103.(1) Subsequently, the 
NICE recommends using TcB levels only in infants of 35 or more weeks of GA, not 
within the first 24 hours postnatally. They emphasize to measure TSB levels when 
TcB levels are higher than 250 µmol/L and in all preterm infants of 35 or less weeks 
of GA.(1) The AAP guideline on hyperbilirubinemia in (near) term infants recom-
mends using the TcB levels in the evaluation of hyperbilirubinemia.(11) In their 
update of the AAP guideline, Maisels et al. underline that the TcB underestimates 
the TSB level and they describe several methods to correct for this underestimation. 
One of the methods is using 70% of the TSB threshold as the cut-off level for TcB 
levels.(29) As described in chapter 5 the NICE guideline also found that the JM-103 
PT device consistently underestimates the TSB level of up to 50 µmol/L. None of 
the guidelines recommends the use of TcB levels in preterm infants, especially not in 
those receiving PT. In chapter 5 we report that TcB levels show good agreement with 
TSB levels before, during and after PT in preterm infants. However, it is only useful 
in reducing the number of blood samples when a cut-off level of 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.
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Phototherapy

Phototherapy has effectively contributed to the decrease in incidence of kernicterus 
and BIND.(30) Nevertheless, it is unknown to what extent recommendations on 
effective PT are adhered to.

We found that the effective use of PT as reflected by the measured irradiance 
level varies widely among Dutch NICUs with often too low irradiance levels and 
large distance between PT device and child. As we depict in chapter 7, this can be 
explained by the lack of awareness on the factors that influence the effective use 
of PT. PT should be administered to as much naked skin of the infant as possible, 
and the PT device should be positioned close to the infant (in compliance with the 
manufacturers’ safety instructions). Irradiance levels should be measured regularly 
with a radiometer. Unfortunately, there are several types of radiometers used which 
measure different spectra of light. As a result, studies on irradiance levels of PT are 
difficult to compare. Therefore, the development of a universal radiometer that can 
be used with all PT devices to measure the relevant irradiance level is needed.

Like the AAP guideline for (near) term infants, the NICE guideline includes 
recommendations on the use of PT.(1,11) Also, several studies on the use of PT in 
preterm infants were reviewed. They found that multiple PT was not more effective 
than conventional PT and that fiber optic and LED PT shortened the duration of 
PT compared to conventional PT. Since most nurses and parents prefer fiber optic 
PT, the NICE guideline recommends the use of fiber optic PT in preterm infants. 
However, since conventional PT is found to be more effective compared to fiber optic 
PT in term infants, the effect of PT should be closely monitored.(1) The American 
approach also includes recommendations with regard to the effective use of PT and 
emphasizes that sufficient irradiance levels of PT should be provided to prevent an 
increase in TSB levels. They also stress regular measurement of irradiance levels of 
the PT devices with an appropriate radiometer. For infants of less than 1000 grams 
they recommend to use less intensive PT based on the results of the study of Mor-
ris et al. on aggressive versus prophylactic PT that found a higher mortality rate in 
infants of less than 750 grams when they received aggressive PT.(15,27) While both 
guidelines advocate the effective use of PT, specific irradiance levels of PT devices 
are not mentioned.

Possible side effects of PT such as allergic diseases, melanocytic nevi, melanoma or 
skin cancer, patent ductus arteriosus and retinal damage are described.(31) Moreover, 
the study of Morris et al. shows a higher mortality rate in infants of less than 750 grams 
treated with aggressive PT.(27) Data from this same trial were used to assess short- 
and long term outcome of preterm infants treated with different PT devices. Morris 
et al. showed that LED’s achieved the highest initial decrease in TSB compared to 
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conventional-, spot- and bili blanket devices. Infants treated with conventional PT 
devices showed worse neurodevelopmental outcome results compared to other 
PT devices while biliblankets showed slightly better outcome results compared to 
LEDs. Morris et al. could not find a plausible explanation for these differences in 
outcome and emphasize that different PT devices need rigorous testing including 
short- and long term outcome assessments.(28) While PT devices are evolving and 
improving, concern is growing that very high irradiance levels, may increase the 
chance of adverse effects. Especially LED PT devices are able to provide very high 
irradiance levels which seem very effective for the treatment of hyperbilirubinemia, 
but on the other hand may play a potential risk in the development of adverse effects. 
Sufficient, but not too much PT seems more beneficial than harmful in the man-
agement of hyperbilirubinemia in preterm infants. Again, additional clinical trials 
including measurement of irradiance levels of PT devices and short- and long term 
neurodevelopmental outcome assessments are needed to find the optimal doses of 
PT in preterm infants.

Quality assessment scheme for the measurement of neonatal bilirubin and 

albumin 

In chapter 8 we describe the need for a quality assessment scheme for laboratory 
bilirubin and albumin measurements within the neonatal range. To comply with inter-
national guidelines for the management of infants with hyperbilirubinemia, reliability 
and exchangeability of bilirubin and albumin measurements among laboratories are 
essential. Such quality assessment for neonatal bilirubin and albumin levels did not 
exist in the Netherlands. We showed in chapter 8 that this absence resulted in high 
interlaboratory variability in bilirubin and albumin measurements. This could, for 
obvious reasons, result in over- or under treatment of infants with hyperbilirubine-
mia. To analyze and improve the interlaboratory variability, a tailor-made quality 
assessment scheme for neonatal samples (human serum based) is available in the 
Netherlands since January 2010.(chapter 8) Now, 64 hospitals in the Netherlands are 
participating.(oral communication) Although not described in American and UK 
guidelines on hyperbilirubinemia, quality assessment schemes for neonatal bilirubin 
do exist in these countries.(32,33)

The Neonatal Research Network

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 
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their efforts in a Dutch Neonatal Research Network (Nederlands neonatal research 
network, NNRN).

Simultaneously with the BARTrial, another study was initiated investigating neu-
rodevelopmental outcome after neonatal hypoglycemia in all Dutch NICUs (http://
www.neonatologiestudies.nl/home/page.asp?page_id=1059). To facilitate the study 
procedures, collaboration of the participating NICUs (n=10) resulted in the NNRN. 
The aim of the network was to collaborate in signaling, designing and executing stud-
ies in the field of neonatology to accomplish safe and effective neonatal management 
strategies. All NICUs were represented by one staff neonatologist, research nurses, 
researchers and other interested parties. The collaboration of NICUs enables the 
design and execution of larger clinical trials in preterm infants.

Bayley Scales of Infant Development III

Another BARTrial (Chapter 4) network spin-off with major implications in Dutch 
neonatology is the implementation of the Bayley Scales of Infant Development III. 
By the time the BARTrial was preparing the follow up of all included infants, the 
third edition of the Bayley Scale of Infant Development (BSID) was implemented 
in the United States of America. Although the BSID III seems to underestimate 
developmental delay, it is thought to better reflect the neurodevelopmental stage of 
babies and toddlers than earlier editions.(34) The revised test scores the infant at 
5 domains: cognitive development, receptive and expressive language development 
and fine and gross motor development. Furthermore, the test consists of a parent 
survey about social-emotional development and adaptation of the infant. To keep 
up with international standards, we decided to use the BSID III instead of the BSID 
II in the follow up of the BARTrial. The implementation of the second version in 
The Netherlands took several years. The BSID III was implemented in the Neth-
erlands within one year as a result of collaboration between the national follow up 
workgroup for neonatology (Landelijke Neonatale Follow up, LNF), the NNRN 
and the BARTrial studygroup.

Future perspectives

Several efforts have been made to improve neonatal care. This resulted in a fast evolu-
tion of neonatal care since the introduction of NICUs in 1961. In neonatology, most 
of the practices are consensus- instead of evidence based due to a lack of evidence on 
the effectiveness of most practices. The term ‘potentially best practice’ is introduced 
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by Plsek et al. to underline that the process towards ‘evidence based medicine’ in 
neonatology is ongoing.(35)

In spite of evidence based effective interventions and ‘potentially best practices’, 
variation in practices still exist among different health care institutions. Variation in 
care is thought to negatively influence patient outcomes. To accomplish standardiza-
tion in care, it is important to compare patient outcomes to different ‘evidence based’ 
guidelines, recommendations, protocols etc.(36)

Benchmarking is often used as an approach through which variable practices 
within institutions can be changed into ‘potentially best practice’. Different prac-
tices among institutions are explored and the patient or institutional outcomes are 
compared. Eventually, the ‘potentially best practice’ is identified and adopted by all 
institutions.(37)

The Vermont Oxford Network is a good example of improving neonatal care 
through benchmarking by collaboration among NICUs.(38) Since 1995, the Neonatal 
Intensive Care Collaborative Quality (NIC/Q) Project represented by a neona-
tologists, NICU nurses, an administrator, a quality improvement coach and other 
professionals of the participating NICUs aim to make improvements in the quality 
of neonatal care. A national database was build and used to evaluate practices and 
outcomes from which an improvement goal was elected. Based on literature review 
of preferably randomized controlled trials on the subject, analyses of NICU practices, 
site visits to participating NICUs and benchmarking visits to superior performing 
NICUs, a ‘potentially best practice’ is identified to improve neonatal care. One of the 
NIC/Q projects in 1994 on nosocomial infections showed that in a 3 year period, the 
infection rate with coagulase-negative staphylococcus decreased from 22% to 16.6% in 
6 NICUs. Although this was not a significant change, the decrease in infection rate was 
significantly larger than observed in 66 comparison NICUs in the same time period. 

Table 3. The essential steps towards improvement in neonatal care according to the NIC/Q 
project.(38,39)

Essential steps

1. Multidisciplinary collaboration within and among hospitals

2. Feedback of information from the network database regarding clinical practice and 
patient outcome

3. Training and quality improvement methods

4. Site visits to project NICUs

5. Benchmarking visits to superior performers within the network

6. Identification and implementation of ‘potentially best practices’

7. Evaluation of the results
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Horbar et al. conclude that the use of collaborative neonatal quality improvement 
projects have the potential to improve patient outcome. Table 3 shows the essential 
steps necessary to improve neonatal care according to the NIC/Q project.(38,39)

Future improvements in the management of hyperbilirubinemia in term and 

preterm infants

Concerning the previous outline of processes to improve neonatal care, we have 
already made some progress in the improvement in the management of preterm in-
fants with hyperbilirubinemia. With regard to the uniform treatment thresholds, the 
recommendations for PT and the neonatal bilirubin and albumin quality assessment 
scheme the first steps are taken.(39) Future objectives would be to visit the NICUs 
and the evaluation of the results. By visiting the NICUs, the commitment to the 
treatment thresholds and recommendations for PT could be verified. If one NICU 
proves to be better performing with respect to commitment, other NICUs could 
learn from this NICU how to approach their goal. Benchmarking visits organized 
by the NNRN may help in this process.

Recommendations for the use of transcutaneous bilirubin measurements

Data on the use of TcB in preterm infants with hyperbilirubinemia described in 
chapter 5, show that TcB can be used in preterm infants receiving PT. When we used 
a TcB cut-off level of the measured TcB level plus 50 µmol/L at 70% of the TSB PT 
threshold we may reduce the number of blood samples with 41%. The next step would 
be to implement the use of the TcB levels in the management of hyperbilirubinemia 
in preterm infants in all NICUs.

In the recommendations on the use of TcB measurements using the JM-103, we 
stress that if manufacturers change the algorithm of the TcB device, this should be 
openly communicated with clinicians. A change in the algorithm of the TcB device 
leads to changes in the displayed TcB level and consequently, these changes influence 
treatment decisions. It is possible that a change in algorithm of the TcB device leads to 
a change in the method to define the TcB cut-off level. Therefore, it is recommended 
that every hospital that uses TcB levels in the management of hyperbilirubinemia 
regularly monitors TcB levels with simultaneous TSB levels.

Recommendations on treatment thresholds

To evaluate the novel treatment thresholds the first step would be to analyze the 
outcome of patients before and after the implementation of the treatment thresholds. 
In the Netherlands, perinatal data including treatment for hyperbilirubinemia of all 
preterm infants of 32 or less weeks of GA admitted to NICUs is collected in the Dutch 
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PRN database.(16) Unfortunately, peak TSB levels, duration of PT and number of PT 
devices are not registered yet. Recently, neurodevelopmental outcome of al preterm 
infants of less than 30 weeks of GA or less than 1000 grams is registered in the PRN 
database. The following items are registered until the child is 1.5 years old: Bayley 
Scales of Infant Development scores, Childhood behavior Checklist, neurological 
examination, The Gross Motor Function Classification System (GMFCS) score, visual 
and auditory examination, general health, length, weight, head circumference, social 
economic status, language and Automated Auditory Brainstem Response (ALGO 
or AABR) and if necessary, more advanced auditory brainstem response (ABR) 
results. Comparison of preterm infants treated for hyperbilirubinemia before and 
after the implementation of the PT recommendations and the quality assessment 
scheme with regard to TSB levels, duration of PT and outcome parameters may give 
us insight in effects of these implementations. Preliminary data on the influence of 
novel treatment thresholds on the prevalence of hearing deficit exist. It appeared that 
novel treatment thresholds resulted in a significant decrease in mean and peak TSB 
levels and a marked reduction in the prevalence of hearing deficit In a retrospective 
pilot study of preterm infants. This retrospective pilot study needs to be continued 
in a larger number of patients, preferably by using data from the PRN database.(40)

Recommendations for the effective use of PT

Evaluation of patient outcome before and after the implementation of the recom-
mendations for the effective use of PT is difficult because the duration of PT was not 
registered before the recommendations were introduced and new PT devices (LEDs) 
could have been introduced at NICUs. Evaluation of the commitment to the recom-
mendations is probably the best we can do for now. Special attention should be given 
to the regular measurement of the irradiance levels of PT and the distance between 
the device and the infant. To the best of our knowledge, there is still no universal 
radiometer that measures the irradiance level of all PT devices in the clinical relevant 
treatment spectrum. The development of such a radiometer is one of the main goals 
in improving the effectiveness of PT treatment.(1,41,42) Training in the knowledge 
of effective PT treatment of all persons concerned with the care of preterm infants at 
the NICU is another basic need. The recommendations on the effective use of PT in 
NICUs are easily applicable in all pediatric healthcare facilities and therefore should 
be available for all healthcare facilities concerning newborn infants.
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Quality assessment scheme for the measurement of neonatal bilirubin and 

albumin

The quality assessment scheme (QAS) for the measurement of neonatal bilirubin 
and albumin is in use since January 2010. The next step would be to evaluate the 
results of this QAS in the participating hospitals to assess whether the implementa-
tion of the QAS has resulted in the desired reduction of variability of the bilirubin 
and albumin measurements.



154

References

1. National Institute for Health and Clinical Excellence. National Institute for Health and 
Clinical Excellence. Neonatal Jaundice (Clinical guideline 98). www.nice.org.uk/CG98. 2010.

2. Pearlman MA, Gartner LM, Lee K, Eidelman AI, Morecki R, Horoupian DS. The association 
of kernicterus with bacterial infection in the newborn. Pediatrics 1980 01;65(1):26–29.

3. Pearlman MA, Gartner LM, Lee K, Morecki R, Horoupian DS. Absence of kernicterus in 
low-birth weight infants from 1971 through 1976: comparison with findings in 1966 and 1967. 
Pediatrics 1978 10;62(4):460–464.

4. Maisels MJ. Clinical studies of the sequelae of hyperbilirubinemia. In: Levine RL, editor. 
Hyperbilirubinemia in the newborn, Report of the 85th Ross Conference on Pediatric 
Research Columbus, OH: Ross Laboratories; 1983. p. 26–38.

5. Watchko JF, Oski FA. Kernicterus in preterm newborns: past, present, and future. Pediatrics 
1992 11;90(5):707–715.

6. Watchko JF, Claassen D. Kernicterus in premature infants: current prevalence and relationship 
to NICHD Phototherapy Study exchange criteria. Pediatrics 1994 06;93(6):996–999.

7. Hansen TW. Therapeutic approaches to neonatal jaundice: an international survey. Clin 
Pediatr (Phila) 1996 06;35(6):309–316.

8. Watchko JF, Maisels MJ. Jaundice in low birthweight infants: pathobiology and outcome. Arch 
Dis Child Fetal Neonatal Ed 2003 11;88(6):F455-F458.

9. Maisels MJ, Watchko JF. Treatment of jaundice in low birthweight infants. Arch Dis Child 
Fetal Neonatal Ed 2003 11;88(6):F459-F463.

10. Rennie JM, Seghal A, De A, Kendall GS, Cole TJ. Range of UK practice regarding thresholds 
for phototherapy and exchange transfusion in neonatal hyperbilirubinaemia. Arch Dis Child 
Fetal Neonatal Ed 2008 11/10.

11. American Academy oP. Management of hyperbilirubinemia in the newborn infant 35 or more 
weeks of gestation. Pediatrics 2004 07;114(1):297–316.

12. Bratlid D, Nakstad B, Hansen TW. National guidelines for treatment of jaundice in the 
newborn. Acta Paediatr 2011 Apr;100(4):499–505.

13. Dani C, Poggi C, Barp J, Romagnoli C, Buonocore G. Current Italian practices regarding the 
management of hyperbilirubinaemia in preterm infants. Acta Paediatr 2011 May;100(5):666–
669.

14. van Imhoff DE, Dijk PH, Hulzebos CV, on behalf of the BARTrial studygroup of 
the Netherlands Neonatal Research Network. Uniform treatment thresholds for 
hyperbilirubinemia in preterm infants: Background and synopsis of a national guideline. Early 
Hum Dev 2011 Aug;87(8):521–525.

15. Maisels MJ, Watchko JF, Bhutani VK, Stevenson DK. An approach to the management of 
hyperbilirubinemia in the preterm infant less than 35 weeks of gestation. J Perinatol 2012 
Sep;32(9):660–664.

16. The Netherlands Perinatal Registry. www.perinatreg.nl. 2009.



General discussion 155

17. Van de Bor M, Ens-Dokkum M, Schreuder AM, Veen S, Brand R, Verloove-Vanhorick SP. 
Hyperbilirubinemia in low birth weight infants and outcome at 5 years of age. Pediatrics 1992 
03;89(3):359–364.

18. Van de Bor M, van Zeben-van der Aa TM, Verloove-Vanhorick SP, Brand R, Ruys JH. 
Hyperbilirubinemia in preterm infants and neurodevelopmental outcome at 2 years of age: 
results of a national collaborative survey. Pediatrics 1989 06;83(6):915–920.

19. Graziani LJ, Mitchell DG, Kornhauser M, Pidcock FS, Merton DA, Stanley C, et al. 
Neurodevelopment of preterm infants: neonatal neurosonographic and serum bilirubin 
studies. Pediatrics 1992 Feb;89(2):229–234.

20. O’Shea TM, Dillard RG, Klinepeter KL, Goldstein DJ. Serum bilirubin levels, intracranial 
hemorrhage, and the risk of developmental problems in very low birth weight neonates. 
Pediatrics 1992 Dec;90(6):888–892.

21. Shapiro SM. Definition of the clinical spectrum of kernicterus and bilirubin-induced 
neurologic dysfunction (BIND). J Perinatol 2005 01;25(1):54–59.

22. Oh W, Stevenson DK, Tyson JE, Morris BH, Ahlfors CE, Bender GJ, et al. Influence of clinical 
status on the association between plasma total and unbound bilirubin and death or adverse 
neurodevelopmental outcomes in extremely low birth weight infants. Acta Paediatr 2010 
May;99(5):673–678.

23. Odell GB, Cukier JO, Ostrea EM,Jr, Maglalang AC, Poland RL. The influence of fatty acids on 
the binding of bilirubin to albumin. J Lab Clin Med 1977 Feb;89(2):295–307.

24. Robertson A, Karp W, Brodersen R. Bilirubin displacing effect of drugs used in neonatology. 
Acta Paediatr Scand 1991 12;80(12):1119–1127.

25. Malik GK, Goel GK, Vishwanathan PN, Misra PK, Sharma B. Free and erythrocyte-bound 
bilirubin in neonatal jaundice. Acta Paediatr Scand 1986 Jul;75(4):545–549.

26. Chan G, Ilkiw R, Schiff D. Clinical relevance of the plasma reserve albumin binding capacity 
for bilirubin (RABC) and “free” bilirubin concentration. Clin Biochem 1980 Dec;13(6):292–
294.

27. Morris BH, Oh W, Tyson JE, Stevenson DK, Phelps DL, O’Shea TM, et al. Aggressive vs. 
conservative phototherapy for infants with extremely low birth weight. N Engl J Med 2008 
10/30;359(18):1885–1896.

28. Morris BH, Tyson JE, Stevenson DK, Oh W, Phelps DL, O’Shea TM, et al. Efficacy of 
phototherapy devices and outcomes among extremely low birth weight infants: multi-center 
observational study. J Perinatol 2012 Apr 12.

29. Maisels MJ, Bhutani VK, Bogen D, Newman TB, Stark AR, Watchko JF. Hyperbilirubinemia 
in the newborn infant > or =35 weeks’ gestation: an update with clarifications. Pediatrics 2009 
10;124(4):1193–1198.

30. Maisels MJ, McDonagh AF. Phototherapy for neonatal jaundice. N Engl J Med 2008 
02/28;358(9):920–928.

31. Xiong T, Qu Y, Cambier S, Mu D. The side effects of phototherapy for neonatal jaundice: what 
do we know? What should we do? Eur J Pediatr 2011 Oct;170(10):1247–1255.



156

32. Lo SF, Jendrzejczak B, Doumas BT. Laboratory performance in neonatal bilirubin testing 
using commutable specimens: a progress report on a College of American Pathologists study. 
Arch Pathol Lab Med 2008 11;132(11):1781–1785.

33. Kirk JM. Neonatal jaundice: a critical review of the role and practice of bilirubin analysis. Ann 
Clin Biochem 2008 Sep;45(Pt 5):452–462.

34. Anderson PJ, De Luca CR, Hutchinson E, Roberts G, Doyle LW, Victorian Infant 
Collaborative Group. Underestimation of developmental delay by the new Bayley-III Scale. 
Arch Pediatr Adolesc Med 2010 Apr;164(4):352–356.

35. Plsek PE. Quality improvement methods in clinical medicine. Pediatrics 1999 Jan;103(1 Suppl 
E):203–214.

36. Muething SE. Improving patient outcomes by standardizing care. J Pediatr 2005 11;147(5):568–
570.

37. Walsh MC. Benchmarking techniques to improve neonatal care: uses and abuses. Clin 
Perinatol 2003 Jun;30(2):343–50, x.

38. Horbar JD, Rogowski J, Plsek PE, Delmore P, Edwards WH, Hocker J, et al. Collaborative 
quality improvement for neonatal intensive care. NIC/Q Project Investigators of the Vermont 
Oxford Network. Pediatrics 2001 Jan;107(1):14–22.

39. Soll RF. Evaluating the medical evidence for quality improvement. Clin Perinatol 2010 
Mar;37(1):11–28.

40. Hulzebos CV, van Dommelen P, Verkerk PH, Dijk PH, van Straaten HLM. Evaluation of 
treatment thresholds for unconjugated hyperbilirubinemia on hearing loss in preterm infants. 
2012.

41. Vreman HJ. Personal communication. 2012.

42. Bhutani VK, Committee on Fetus and Newborn, American Academy of Pediatrics. 
Phototherapy to prevent severe neonatal hyperbilirubinemia in the newborn infant 35 or more 
weeks of gestation. Pediatrics 2011 Oct;128(4):e1046–52.



General discussion 157

Appendix 1. 

Recommendations for the management of hyperbilirubinemia in 
preterm infants of less than 35 weeks of gestational age

1. Select the appropriate thresholds based on birth weight of the infant* (Figure a)
2. Regularly measure the TSB level**
3. After 48 postnatal hours use the TSB or TcB level → if the TcB level is used, see 

Table b for recommendations
4. Mark the risk status in the nomogram (Table a)
5. Phototherapy: 

a. Start PT if the PT threshold is reached
b. Stop PT if TSB is 50 µmol/L lower than the threshold  

→ see Table c for the recommendations on the effective use of PT
6. Consider an exchange transfusion if the ET threshold is reached despite intensive PT

*  more detailed nomograms can be found in chapter 6 and on www.babyzietgeel.nl
**   participation of the laboratory in a regular quality assessment scheme for neonatal bilirubin and 

albumin measurements is highly recommended.
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Figure a. TSB based treatment thresholds for preterm infants of less than 35 weeks of gestational age  
 
  
TSB = Total Serum Bilirubin in µmol/L, PT = phototherapy, WT = exchange transfusion  
 
Use the lowest TSB threshold for PT and ET if risk factors to develop severe 
hyperbilirubinemia or bilirubin neurotoxicity are present.   
  
More detailed nomograms for all birth weight categories can be found in chapter 6 and on 
www.babyzietgeel.nl
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Table a. Risk factors for the development of severe hyperbilirubinemia or bilirubin neurotoxicity

Risk factors

•	 Asphyxia: Apgar score < 3 after 5 minutes 
•	 Hypoxemia: PaO2 < 5.3 kPa  > 2 h (in prior 24h) 
•	 Acidosis: Blood pH < 7.15  > 1 h (in prior 24h) 
•	 Hemolysis with positive Coombs 
•	 Clinical or neurological deterioration (sepsis with the use of vasopressors, meningitis, 

intracranial hemorrhage > grade 2)

 

h= hours

Table b. Recommendations for the use of JM-103 TcB measurements in preterm infants with and 
without PT

Recommendations TcB

•	 Measure TcB levels under the diaper on the hipbone of the infant
•	 TcB cut-off level: Add 50 µmol/L to the measured TcB level at 70% of the PT threshold
•	 Ensure regular calibration of the TcB device according to the recommendations of the 

manufacturer    
•	 Regularly perform paired TSB and TcB levels to check the accuracy of the TcB device
•	 Teach NICU nurses and attending physicians how to perform and interpret TcB mea-

surements
•	 Measure the TSB level: 

 –If the TcB level plus 50 µmol/L exceeds 70% of the TSB PT threshold
 –If there is clinical concern on severe hyperbilirubinemia
 –If you don’t trust the result of that specific transcutaneous measurement 

 

TSB = total serum bilirubin, TcB = transcutaneous bilirubin, PT = phototherapy, NICU = neonatal 
intensive care unit, 17.1 µmol/L = 1 mg/dL bilirubin

Table c. Recommendations for the effective use of phototherapy

Recommendations PT

•	 Educate all health care professionals who buy, apply and maintain PT devices about 
the factors that affect the efficacy of PT.

•	 Measure the irradiance level of your PT devices regularly.
•	 The minimal recommended irradiance level is 8 to 10 µW/cm2/nm.
•	 Replace lamps that do not deliver.
•	 Match PT devices to incubators in use and place the PT device as close to the infant as 

is safe and possible.
•	 Follow the safety instructions of the manufacturer of the PT device to avoid heat and 

burns (especially with halogen lights)!
•	 Illuminate as much naked skin of the infant as possible, making sure optimal body 

temperature is maintained.
•	 Cover the eyes of the newborn infant.

 

PT = phototherapy




