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This supplement contains the following items: 
 
1. Original protocol, final protocol, summary of changes. 
2. Original statistical analysis plan, final statistical analysis plan, summary of changes.  
 
 
In short, the summary of changes consists of : 
 
1. Replacement of the 2nd version of the Bayley Scales of Infant Development (BSID II) by 
the 3rd version (BSID III). 
 
2. Subgroup analysis based on birth weight categories (< 1000 g vs. ≥ 1000 g) rather than an 
analysis based on gestational age categories (< 29 wks vs. ≥ 29 wks). This was prompted by 
the publication of the results of the aggresive-conservative phototherapy trial (Morris BH et 
al., N Engl J Med. 2008 Oct 30;359(18):1885-96). 
 
Changes can be found in the second version of our study protocol (pp 42-81, yellow lines).
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SUMMARY 

 

Background  

Neonatal jaundice due to unconjugated hyperbilirubinemia occurs in almost all preterm infants and is potentially 

neurotoxic. Treatment is based on total serum bilirubin (TSB), but is not evidence based. TSB is an unreliable 

predictor of bilirubin induced neurological dysfunction (BIND). Low albumin levels increase free bilirubin (Bf) levels 

and may potentiate BIND. The bilirubin:albumin ratio is an interesting additional method in the management of 

hyperbilirubinemia. 

 

Objective  

The research question of this study is whether BIND is reduced using B:A ratio together with TSB versus TSB-only as 

indicator for treatment of hyperbilirubinemia in preterm infants.  

 

Study design  

Prospective, randomized, controlled, open label, blinded outcome cost-effectiveness multicenter study in tertiary 

neonatal intensive care units in the Netherlands. 

 

Study population  

Preterm infants born at a gestational age of less than 32 weeks postmentrual age. 

 

Intervention  

Hyperbilirubinemia is evaluated daily using the B:A ratio together with TSB (study group) versus TSB only (control 

group — care as usual). Treatment guidelines are based on B:A ratio and TSB (whichever comes first) in the study 

group versus on TSB-only in control group.  

 

Main study parameters/endpoints 

The primary outcome variables are the neurodevelopmental index scores at 18-24 months of age, using a 

standardised neurological examination and mental- and psychomotor developmental index scores (MDI and PDI).  

Secondary outcome variables are: peak TSB, peak B:A ratio, duration of hyperbilirubinemia, number and duration of 

phototherapy, number of exchange transfusion, and all the “complications of prematurity” such as mortality, 

respiratory distress, bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP), patent ductus arteriosus 

(PDA), necrotising enterocolitis (NEC), intraventricular hemorrhage (IVH), periventricular echodensitity (PVE) and 

periventricular leucomalacia (PVL). 

Economic evaluations are part of this study. Costs-effectiveness assessments will be performed from a hospital 

perspective with a time-horizon of 18-24 months. Costs of diagnostics and treatments will be included. Long-term 

effects of neurological impairment and developmental delay on costs are estimated using modelling techniques. 
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Nature and extent of the burden and risks associated with participation, benefit and group relatedness:  

Daily laboratory examinations will include bilirubin and albumin levels for the first ten days of life in both study 

groups . Usually, these measurements do not require extra blood volume. Sometimes, more blood is required 

(maximal 10 x 0.1 ml = 1.0 ml), but  no extra puncture will be necessary.  It is possible that more children will be 

treated with phototherapy and/or exchange transfusion in the study group in comparison to the care-as-usual 

protocols  On the other hand, an earlier start phototherapy may reduce TSB-levels and prevent exchange 

transfusions. The net effect cannot be predicted.  

A part of the study-population (i.e. infants admitted to the NICU of the UMC Groningen) will be subjected to a more 

extended audiological evaluation (ABR) during the first 10 days of life , than in the  routine protocol for NICU 

patients (Algo-screening).  In analogy of the Algo-screening, the ABR consists of auditory stimuli by headphone, 

registered by adhesive head-electrodes (3 instead of 1). Full developmental tests are included of this study protocol. 

These tests are part of the standard follow-up visits of NICU-graduates (care as usual).  

 

Time schedule 

Anticipated start of this study is March 2007. Inclusion period of 9 months. Follow-up at 18-24 months of age. Total 

duration of study is 36 months. End of study is March 2010.   

 

Financial support 

This study is financed by grant nr 945-07-407 of the “Doelmatigheidsonderzoek” program DO 07 of the ZonMw.  
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1. INTRODUCTION AND RATIONALE 

 

Problem definition 

Unconjugated hyperbilirubinemia occurs in nearly all preterm infants (Watchko 1992). Free bilirubin, the fraction 

not bound to albumin, is toxic for the central nervous system (Shapiro 2003). Free bilirubin is difficult to measure 

and routine clinical laboratory measurement is not available. Therefore, the TSB level is used to evaluate 

hyperbilirubinemia, but is not a good predictor of neurotoxicity. Follow-up studies that have evaluated the 

association between TSB and adverse outcome are inconclusive, and most failed (Van de Bor 1989 and 1992, 

Watchko 2003, Oh 2003). Preterm newborns are at greater risk for BIND than term newborns, but precise TSB levels 

at which treatment should be initiated to prevent neurological damage are not known. In addition, preterm 

newborns do not exhibit acute neurologic clinical signs of bilirubin encephalopathy seen in term newborns (Amin 

2001,Govaert 2003). It is difficult to determine whether a preterm infant is at risk for bilirubin neurotoxicity, and no 

evidence-based management guidelines for preterm infants with hyperbilirubinemia exist. The aim of treatment is to 

prevent BIND while not causing harm. Phototherapy and exchange transfusions are effective and relatively safe in 

term newborns. Preterm newborns are much more likely to experience complications of exchange transfusions, 

such as arrhythmia, thrombosis, thrombocytopenia, necrotising enterocolitis, infections or death (Maisels 2003). 

Phototherapy is effective in the prevention for the need of exchange transfusions and side-effects are considered 

rare (Maisels 2003). 

In summary, it is a healthcare problem that despite effective treatment strategies for hyperbilirubinemia, BIND still 

occurs in preterm infants. 

 

Disease subject in this study  

Hyperbilirubinemia and BIND 

 

Subgroup of patients  

Preterm infants < 32 weeks of gestational age. 

Variation in sex, age and cultural background: Bilirubin production, metabolism and neurotoxicity may be influenced 

by gestational age, sex, race, feeding and possible risk factors for bilirubin neurotoxicity such as asphyxia, acidosis, 

sepsis, hemolysis and intracranial bleeding. Subgroup and multivariate analyses will be performed. 

 

Usual care in the Netherlands 

The American Academy of Pediatrics (AAP 2004) has recently published guidelines for the management of 

hyperbilirubinemia in term newborns based on TSB levels. This guideline will be adapted for the Netherlands 

supported by the Nederlandse Vereniging voor Kindergeneeskunde (NVK). For preterm infants no general accepted 

guidelines for the management of hyperbilirubinemia are available. Therefore, the usual care is not uniform. Also in 

the Netherlands several treatment schemes are in use, often adopted from text-books in neonatology. The schemes 

use gestational age (or birthweight), postnatal age and TSB, and reflect TSB thresholds at which phototherapy is 

initiated and higher levels at which exchange transfusion is recommended. 

 

Who are involved in the usual care 

Preterm infants born at GA less than 32 weeks are treated in 10 neonatal intensive care units in the Netherlands. 

Neonatologists and pediatricians are responsible for the medical care. 
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Motivation of the chosen intervention 

Bilirubin neurotoxicity is mainly determined by free bilirubin, which is very difficult to measure. The B:A ratio is an 

estimate of free bilirubin and might therefore be a better indicator for a harmful bilirubin level than TSB. High levels 

of free bilirubin have been associated with BIND in preterm infants (Cashore 1982, Nakamura 1992). The B:A ratio 

correlates with free bilirubin and, has been used in determining the need for exchange transfusion (Ahlfors 1994). In 

addition, raised free bilirubin concentrations are more closely associated than TSB levels with signs of acute 

neurotoxicity in auditory brainstem evoked responses (ABR) (Amin 2001). There are no contemporary long-term 

studies in preterm infants relating free bilirubin levels and acute neurotoxic signs to long-term neurodevelopmental 

outcome. 

We propose to investigate the use of B:A ratio along with TSB vs TSB only as markers of bilirubin toxicity and as 

intervention markers. The intervention thresholds are based on those published by Maisels 2003 and Ahlfors 1994. 

The B:A ratios are derived from TSB (umol/L) divided by 25 g/L for infants < 1250g and divided by 30 g/L for infants 

> 1250 g, which are albumin levels considered to be safe with regard to bilirubin-binding. Lower albumin levels result 

in higher B:A ratios that correspond with increased free bilirubin levels. The B:A thresholds are also based on the 

recommendations of Maisels 2003 and Ahlfors 2003.  

We chose to investigate the effect on neurodevelopmental outcome at 18-24 months of age because it is one of the 

most relevant outcomes in neonatology (Shapiro 2005). We intend additional neurodevelopmental follow-up 

assessments at later ages, but those are beyond the scope of this study protocol. 

 

Relevance 

This study may contribute to the resolution of the healthcare problem in several ways. First, this study will elucidate 

whether the B:A ratio is an additional marker to TSB in predicting acute and chronic neurotoxicity causing 

neurodevelopmental impairment in preterm infants. Therefore neurotoxicity can be prevented, and the 

neurodevelopmental outcome of vulnerable preterm infants might improve.  

Second, this multicenter study can provide evidence on the proposed management guidelines and uniform the wide 

range of currently used guidelines in the management of hyperbilirubinemia in preterm infants. Several foreign 

experts in the field state that our study could provide novel information on this topic. 

 

Other studies related to this healthcare problem 

In the USA a NICHD Neonatal Research Network randomised control study in preterm infants comparing 

conservative versus prophylactic i.e. aggressive use of phototherapy and exchange transfusion is underway. The 

main healthcare problem of bilirubin neurotoxicity in preterm infants is the same, but research questions and the 

chosen intervention are different from our study. 

 

Reports by advisory boards on this subject 

The American Academy of Pediatrics (AAP 2004) and the National Institute of Child Health and Human 

Development (Blackmon 2004) have called for further research into the clinical use of bilirubin — albumin relation to 

improve the ability to determine those babies truly needing treatment. The NICHD called for development of 

rigorous validation of measures to detect and quantify early manifestations of bilirubin-induced brain injury and to 

confirm the time-course of such manifestations in response to interventions including: (amongst others) 

neurophysiologic testing, including ABR monitoring (AAP 2004). The current American Academy of Pediatrics (AAP 
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2004) guidelines for managing healthy jaundiced term and near term newborns recommends the use of the 

bilirubin/albumin ratio in addition to the total serum bilirubin. 

This study is supported by the Kwaliteitsbureau of the Nederlandse Vereniging voor Kindergeneeskunde. 

 

Incidence of the targeted (sub)population 

In the Netherlands, each year about 1400 infants are born with a gestational age of less than 32 weeks.  Almost all 

these infants are treated in the ten NICUs in the Netherlands. Visible jaundice is an almost universal feature in these 

preterm children. Therefore, the majority is treated with phototherapy for several days. Only a small number 

preterm infants (estimated at about 20-50 per year in NL) is treated with exchange transfusions for more severe 

hyperbilirubinemia.  

 

Estimated potential effects on health from the interventions evaluated in this study  

At 18-24 months of age 40% of the children who were born before 32 wks of GA have neurodevelopmental delay 

(Stoelhorst 2003). This delay is due to several variables during infancy, and bilirubin toxicity is probably one of them. 

The potential effects of using the B:A ratio in addition to the TSB-level versus the TSB only (usual care) as diagnostic 

determinant for starting (and stopping) treatment (phototherapy or exchange therapy) for hyperbilirubinemia are 

based on the assumption that the B:A ratio is more closely related to the potential toxic free bilirubin levels than the 

TSB is. In preterm infants with low albumin levels, who are more vulnerable to bilirubin toxicity, therapy will be 

started at relatively (related to albumin) low bilirubin levels. Therefore, therapy will be started in those infants that 

really need it .We expect that in the vulnerable group of infants with low levels of albumin, bilirubin neurotoxicity 

and consequently neurodevelopmental delay will be reduced. 

 

Estimated potential effects on costs from the interventions evaluated in this study  

We expect that with a more selective application of the treatment of hyperbilirubinemia we are able to reduce the 

number of infants with neurological damage. The ex-preterm infants with neurological damage need special 

treatment e.g. physiotherapy, speech-language-communication-training, hearing-aids, special education and medical 

check-ups. In the group infants who are more vulnerable to bilirubin toxicity, with relatively low levels of albumin, 

the number of phototherapy days will probably increase but it is anticipated that the neurological outcome will be 

better in comparison to the usual care. Although short-term costs might increase (albumin measurements and 

phototherapy), life-time costs as a result of neurological disabilities will be reduced. 
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2. OBJECTIVES 

 
The primary objective of this study is to evaluate whether the combination of B:A ratio together with TSB is a better 

marker for a harmful unconjugated bilirubin level than TSB only. Using this combination of B:A ratio and TSB in the 

treatment of hyperbilirubinemia  will lead to better treatment and reduce BIND.  

The primary research question is therefore: Is BIND reduced by using the combination of B:A ratio and TSB versus 

TSB only as indicators for phototherapy and exchange transfusion for the treatment of hyperbilirubinemia in 

preterm infants (born at less than 32 weeks PMA) ?  

 

 

3.  STUDY DESIGN 

 

Prospective randomized controlled open label, blinded endpoints multicenter study in the ten Neonatal Intensive 

Care Units in the Netherlands ( see flowchart). 
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4.  STUDY POPULATION 

4.1  Population (base) 

All preterm infants born at less than 32 weeks of PMA treated in one of the ten NICU’s in the Netherlands are 

eligible for this study. 

In the Netherlands all infants born before 32 weeks of gestational age are treated in one of the ten NICU’s. Non-

NICU hospitals have an obligation to send mothers with imminent preterm delivery before 32 weeks of GA  and the  

preterm infants born before 32 weeks PMA to the regional NICU.  In the Netherlands each year about 1400 infants 

are born with a GA of less than 32 weeks. The majority of these infants are inborn (intrauterine transport of the 

infant).  A minority of the children born before a gestational age of 32 weeks are transported postnatally, in their first 

day of life.    

 

4.2  Inclusion criteria 

- Prematurity (< 32+0 weeks of PMA) 

- Admitted to a NICU in less than 24 hours after birth 

- Informed consent of the parent or legal guardian 

 

4.3 Exclusion criteria 

Major congenital malformations, clinical syndromes and chromosomal abnormalities 
 
 
4.4  Sample size calculation 

Neurodevelopmental outcome at 18-24 months of age using mental — and psychomotor development scores (MDI 

and PDI) are assessed using the Dutch version of Bayley scales of infant development. A significant association has 

been reported between peak TSB concentration and PDI in a retrospective cohort analysis of the  NICHD (Oh 2003). 

The PDI scale has a population mean of 100 and a standard deviation of 16, but a reference (i.e. in preterm infants 

<32 weeks) mean of 96 (SD 26) (Oh 2003, Stoelhorst 2003). Both scales range from 51 to 149. An MDI or PDI score 

of more than 85 is considered normal, a score between 68 and 84 is considered moderate delay and scores less than 

68 as severe delay. A difference of 5 - 10 points in developmental score is considered relevant (personal 

communication Dijk/Hulzebos with all neonatologists in the Netherlands during a consensus meeting (Neoned 

Retraite in January 2006). With an alpha of 0.05 and power of 80% a change of 7 points on a 100 points scale, with a 

standard deviation of 26, 2x 217 subjects need to be assessed. If 10% mortality and 20% drop outs are considered in 

this population, a total of 2 x 307 subjects need to be included (INSTAT statistics,  see flow chart). 
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5.  TREATMENT OF SUBJECTS 

 

5.1  Investigational treatment 

This study compares two methods of management of hyperbilirubinemia in preterm infants. In the control group, 

the management of hyperbilirubinemia is based on TSB levels only (care as usual). The thresholds of treatment of 

hyperbilirubinemia with phototherapy or exchange transfusion are based on TSB only. In the study group a 

combination of TSB and B:A ratio is used. The thresholds of treatment (phototherapy and exchange transfusion) are 

based on both, TSB and B:A ratio, whichever comes first. Whenever one of the two markers of hyperbilirubinemia 

(TSB or B:A ratio) reaches the predefined threshold values, treatment should be started.  

 

5.2  Use of co-intervention 

The use of albumine infusion in the treatment of hyperbilirubinemia is discouraged in this study. Treatment with 

albumine infusion for other indications is not restricted. The study protocol has no restrictions with regard to co-

interventions, co-medication or other specific guidelines. The study subjects are treated according to the guidelines 

of the individual NICU’s. 

 

5.3 Escape medication / treatment 

Not applicable 
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6.  METHODS 

 

6.1 Study parameters/endpoints 

6.1.1  Main study parameters/endpoints  

The primary endpoint of this study is the neurodevelopmental outcome at the age of 18-24 months using 

standardised neurological examination and developmental scores: mental and psychomotor developmental indices 

(MDI and PDI) are assessed using the Dutch version of Bayley Scale of Infant Development II.  

 

6.1.2  Secondary study parameters/endpoints 

Secondary endpoints are bilirubin-related parameters with amongst others peak bilirubin levels, duration of 

hyperbilirubinemia, peak B:A ratio, number and duration of phototherapy, number of exchange transfusions.  

Other secondary outcome parameters are those related to “the complications of prematurity” which are potential 

confounders for neurodevelopmental outcome. The complications of prematurity are mortality, respiratory distress 

syndrome (RDS), bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA), necrotizing enterocolitis 

(NEC), retinopathy of prematurity (ROP), infections, intraventricular hemorrhage (IVH), periventricular 

echodensities (PVE) and periventricular leucomalacia (PVL). 

  

6.1.3  Other study parameters/endpoints  

Other study are potential intermediate variables in the evaluation of bilirubin metabolism and -toxicity. These 

parameters are free bilirubin levels, lumirubine and ABR-measurements.   

 

Other study parameters are those involved in the economic evaluation or cost-effectiveness analyses and contain 

the direct and indirect costs of management of hyperbilirubinemia, prematurity and developmental delay. 

 

It is the intention to perform additional neurodevelopment assessments at later ages (4-7years), but those are 

beyond the scope of this study protocol. 

  

6.2  Randomisation, blinding and treatment allocation 

Assessment for eligibility is performed by neonatologists and/residents of the participating NICU. They initially ask 

whether the parents will consider participation of their child and provide written patient information. The co-

ordinating research nurses/investigators inform the parents in detail.  A 24 hrs — 7 days schedule will be made up to 

be able to inform and enrol participants day and night, 7 days a week. The written information contains information 

on the objectives, design, methods, duration, possible advantages and disadvantages of the study treatments, and 

information that non-co-operation with the study or withdrawal will not have consequences for the treatment of 

their child. Research nurses/investigators obtain written informed consent and are available for additional 

information to the parents. On demand, parents can obtain additional information from an independent pediatrician. 

Parents are allowed to consider participation for several hours, with a maximum of 24 hours, since subjects need to 

bee included during their first day of life.   

After informed consent has been obtained study subjects are randomised using a web-based computer scheme. The 

subjects are assigned  in a 1:1 ratio to one of the two study groups. Randomisation is stratified according to the study 

site (NICU) and gestational age group (two groups: 24+0 - 28+6 weeks and 29+0 - 31+6weeks) .   

Blinded treatment assignment is not possible. Clinicians should be aware whether to apply the hyperbilirubinemia 

guidelines based on TSB (control group) or B:A ratio and/or TSB (study group).  Blinding of the study subjects is not 
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an issue in preterm infants. The  parents are not aware of  group-allocation to secure blind assessment of the primary 

endpoint . The main study endpoints are assessed blindly.  Neurodevelopmental outcome tests are performed by 

neonatologists and assistants who are unaware of the group allocation of the subjects.     

 

6.3  Study procedures 

In both study groups hyperbilirubinemia is evaluated daily for the first ten days of life.  Treatment of 

hyperbilirubinemia will be based on total serum bilirubin in the care as usual group, whereas in the study group the 

combination of bilirubin:albumin ratio and total serum bilirubin will guide treatment. In both groups total serum 

bilirubin and albumin will be measured for post-hoc analyses purposes.  

In general no extra blood volume is needed for these measurements, because these measurements are part of the 

daily routine blood examinations. In some cases this may cost several tenths of millilitres blood extra (maximal 

10x0.1ml=1.0ml), but no extra punctures will be necessary.   

The primary outcome is neurodevelopmental outcome by 18-24 months of age and consists of a standardised 

neurological physical examination and assessments of developmental scores: mental and psychomotor scores using 

the Dutch version of the Bayley scales of infant development (BSID-II-NL).  The mental developmental index (MDI) 

assesses environmental responsiveness and sensory and perceptual abilities, memory, learning and early language 

and communication abilities. The psychomotor developmental index (PDI) assesses both gross and fine motor skills. 

Mental, motor and behaviour functions are tested by playing and observations. The test duration is about 60 min. 

Each child will undergo a standardised pediatric neurologic evaluation to assess the quality of their motor skills, co-

ordination, gait and behaviour. Cerebral palsy is diagnosed with the use of standard criteria, including the location or 

body part impaired (e.g. hemiplegia or diplegia), the degree of impairment of muscle tone, and reflexes, and the 

effect of the condition on ambulation. Audiologic and visual impairment are tested by standardised tests.  

Residual blood samples will be stored for free bilirubin measurements: no extra punctures will be done for this 

purpose.  

Residual urine samples that are collected as part of the routine clinical treatment, will be stored for lumirubine 

measurements. 

In a subgroup of children (i.e. infants admitted to the NICU of the UMC Groningen),  serial automated brainstem 

evoked potentials (ABR) will be assessed using a earphone to apply sound-clicks and self-adhesive electrodes applied 

to the head to record the time that sound-stimuli need to reach the brain.      

 

6.4  Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they (their parents/caretakers) wish to do so without any 

consequences. The investigator can decide to withdraw the subject from the study for urgent medical reasons.  

6.4.1 Specific criteria for withdrawal 

Specific criteria for withdrawal are those circumstances in which the exclusion criteria (major congenital 

malformations, clinical syndromes and chromosomal abnormalities) are being diagnosed after inclusion.   

Death and other serious complications of prematurity are not a reason to withdraw subjects.   

 

6.5 Replacement of individual subjects after withdrawal 

The number of withdrawn subjects will be replaced. 
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6.6  Follow-up of subjects withdrawn from treatment 

Subjects withdrawn from the study will be treated according to the usual care including neurodevelopmental 

outcome assessment which is part of the usual follow up of NICU-graduates. 

 

6.7 Premature termination of the study 

The primary outcome variable of this study is neurodevelopmental outcome at 18-24 months of age, which is 

beyond the timespan of the inclusion period of this study (9 months). Therefore, interim analyses or application of 

stopping rules during the inclusion period is not relevant.  A Data Safety Monitoring Board will monitor the study 

population on safety aspects.  This Board may advise the Project group to alter the study protocol or even terminate 

the study in case of  (unexpected) serious adverse events.  Please see chapter 8: “Safety Reporting”.      
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7.  Economic evaluation (MTA) 

 

This study includes an economic evaluation, and will be conducted as a cost-effectiveness analysis. Therefore, the 

costs of care for preterm infants that are evaluated using TSB versus B:A ratio along with TSB, will be compared by 

looking at the incremental costs per additional point on the PDI scale at 18-24 months. A more favourable score on 

the PDI scale is expected in the group treated according to the B:A ratio. The evaluation will be conducted from a 

hospital perspective including direct medical costs. Costs of diagnostics (bilirubin and albumin measurements) as 

well as treatment in case of unconjugated hyperbilirubinemia (phototherapy and exchange transfusions) will be 

taken into account. A case record form (CRF) will be used to collect costs for each patient during the study period.  

In addition, a decision-analytic model will be constructed to assess the long-term cost-effectiveness of prevention of 

bilirubin induced neurological damage. Costs of long-term effects of neurological impairments such as hospital stay, 

doctors-visits,  hearing-aids, physiotherapy, and speech-therapy will be based on both retrospective data from our 

institutions and data from the literature (e.g. Io 2004, Hack 2000). The model will be built with Tree-Age Pro 

Healthcare Edition. In addition, uncertainty surrounding the incremental cost-effectiveness will be presented using a 

cost-effectiveness plane. Cost components will be vaulted according to the Dutch guidelines for economic 

evaluation (CVZ). 

 Time horizon of this study is 18-24 months for the prospective economic evaluation and lifetime for the analysis 

with the model. Due to a long time-horizon, discounting will be applied. A sensitivity analysis will be conducted to 

estimate the impact of variation of major cost elements as well as different discount rates.  
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8. SAFETY REPORTING 

 

8.1 section 10 WMO event 

In accordance to section 10, subsection 1, of the WMO, the investigator will inform the subjects 

(parents/caretakers) and the reviewing accredited METC if anything occurs, on the basis of which it appears that the 

disadvantages of participation may be significantly greater than was foreseen in the research protocol. The study will 

be suspended pending further review by the accredited METC, except insofar as suspension would jeopardise the 

subjects’ health. The investigator will take care that all subjects are kept informed. 

 

8.2  Adverse and serious events  

This study is evaluating long-term consequences of diagnostic procedures on neurodevelopmental outcome and is 

not an investigational medical product study. Treatment modalities in this study protocol are equal to those applied 

in the usual care.  It may be possible that more children will be treated with phototherapy and/or exchange 

transfusion in the study group in comparison to the care-as-usual protocols. Phototherapy and exchange 

transfusions are effective and relatively safe in term newborns. Preterm newborns are much more likely to 

experience complications of exchange transfusions, such as arrhythmia, thrombosis, thrombocytopenia, necrotising 

enterocolitis, infections or death (Maisels 2003). Phototherapy is effective in the prevention for the need of 

exchange transfusions and side-effects are considered rare (Maisels 2003).  Therefore, earlier phototherapy may 

reduce TSB-levels and prevent exchange transfusions. The net effect cannot be predicted.   

Other adverse and serious events are not to be expected and not related to the study protocol.  Preterm infants 

treated in NICUs often suffer from serious effects. These complications of prematurity are recorded in the CRF and 

analysed continuously and monitored by the Data Safety Monitoring Board.  

 

8.3 Follow-up of adverse events 

All infants will participate in the usual NICU-graduate follow-up. This follow-up program is targeted at evaluating and 

coordinating diagnostic procedures and treatment of all prematurity related problems, in close cooperation with 

regional and local pediatricians.  

 

8.4 Data Safety Monitoring Board 

During the inclusion period of 9 months until 3 months thereafter the Data Safety Monitoring Board will analyse the 

incidence of the above mentioned complications of prematurity in both study groups.  The Board will, as needed, 

review individual records to be able to analyse potential associations between complications and the study protocol. 

The Board may advise the Project Group to alter the study protocol or even terminate the study in case of serious 

adverse effect.  The personal composition of the Data Safety Monitoring Board has to be determined.        
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9. STATISTICAL ANALYSES 

 

9.1 Descriptive statistics 

All randomised subjects will be analysed on the intention to treat basis. The unpaired two-sided Student’s t-test will 

be used to compare the primary outcome data ( i.e. PDI) in the study group versus the control group.   

Categorical data will be compared using two-sided Chi-square tests with continuity correction or Fischer’s exact test. 

Normally distributed continuous  variables are compared using the unpaired Student’s t-test. Nonparametric 

continuous variables are compared using the Wilcoxon rank sum test or Mann-Whitney U-test. Significance is 

defined as p<0.05. All variables are tested two-sided. 

 

9.2 and  9.3 Univariate analysis  &  multivariate analysis 

In post- hoc analyses  logistic regression models will be applied to analyse the association between bilirubin variables 

(peak TSB, peak B:A ratio, duration of hyperbilirubinemia etc) and neurodevelopmental outcome variables.  

Demographic risk factors (e.g.  gestational age, birthweight, sexe, mothers’ educational level)  and other confounders 

(complications of prematurity such as: intracranial hemorrhage, periventricular leucomalacia, postnatal steroids, 

necrotising enterocolitis, bronchopulmonary dysplasia, retinopathy of prematurity, late sepsis)  will be included in 

multivariable logistic regression models.  

 

9.4 Interim analysis 

Interim analyses are not performed.  This study is an long-term outcome study. The outcome assessment at the age 

of 18-24 months is beyond the end of the inclusion period ( 9 months). Therefore, it is not relevant to perform 

interim analyses on the primary outcome. 
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10. ETHICAL CONSIDERATIONS 

 

10.1  Regulation statement 

This study will be conducted  according to the principles of the Declaration of Helsinki  (version 9.10.2004) and in 

accordance with the Medical Research Involving Human Subjects Act (WMO). 

 

10.2 Recruitment and consent 

Assessment for eligibility is performed by neonatologists and/residents of the participating NICU’s. They initially ask 

whether the parents would consider participation of their child and provide written patient information. The co-

ordinating research nurses/investigators inform the parents in detail.  A 24 hrs — 7 days schedule will be made up to 

be able to inform and enrol participants day and night, 7 days a week.. The written information contains information 

on the objectives, design, methods, duration, possible advantages and disadvantages of the study treatments, and 

information that non-co-operation with the study or withdrawal will not have consequences for the treatment of 

their child. Research nurses/investigators obtain written informed consent and are available for additional 

information to the parents. On demand, parents can obtain additional information from an independent pediatrician. 

Parents are allowed to consider participation for several hours, with a maximum of 24 hours, since subjects need to 

bee included during their first day of life.   (please see patient information letter and informed consent letter) 

 

10.3  Objection by minors or incapacitated subjects. 

This study will be conducted according to the principles of the code of conduct for resistance in minors  participating 

in medical scientific research (Gedragscode bij verzet van minderjarigen die deelnemen aan medisch-

wetenschappelijk onderzoek), stated by the Dutch society of pediatrics: Nieuwsbrief Nederlandse Vereniging voor 

Kindergeneeskunde (NVK), nummer 3, 2001.   

 

10. 4 Benefits and risks assessments, group relatedness 

Neonatal jaundice due to unconjugated hyperbilirubinemia is a physiological phenomena of the newborn infant.  

Hyperbilirubinemia is potentially neurotoxic and related to psychomotor developmental impairment. Studies 

comparing different management strategies of hyperbilirubinemia in preterm infants assessing neurodevelopmental 

outcome can only be conducted in preterm infants. There are no other, less vulnerable, potential study subjects in 

which our research question can be studied.  The main goal of this study is to reduce neurodevelopmental 

impairment in preterm infants. In the Netherlands about 40% of the ex-preterm NICU-graduates have delayed 

mental and psychomotor development.  Therefore, individual subjects of the study population could benefit from 

this study, by a better neurodevelopmental outcome, if our hypothesis appears to be true.  

To our opinion, the risks and hazard associated with participation to this study can be considered negligible and 

burden minimal. In the study group the B:A ratio is used as marker for potential neurotoxic hyperbilirubinemia, in 

addition to the total serum bilirubin (TSB). In the control group, in which the care as usual is applied, only the TSB 

level is taken into account. Therefore this study can be considered safe.              
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10.5 Compensation for injury 

The sponsor/investigator has a liability insurance which is in accordance with article 7, subsection 6 of the WMO. 

  

The sponsor (also) has an insurance which is in accordance with the legal requirements in the Netherlands (Article 7 

WMO and the Measure regarding Compulsory Insurance for Clinical Research in Humans of 23rd June 2003). This 

insurance provides cover for damage to research subjects through injury or death caused by the study. 

1. € 450.000,-- (i.e. four hundred and fifty thousand Euro) for death or injury for each subject  who 

participates in the Research; 

2. € 3.500.000,-- (i.e. three million five hundred thousand Euro) for death or injury for all subjects who 

participate in the Research;  

3. € 5.000.000,-- (i.e. five million Euro) for the total damage incurred by the organisation for all damage 

disclosed by scientific research for the Sponsor as ‘verrichter’ in the meaning of said Act in each year of 

insurance coverage. 

 

The insurance applies to the damage that becomes apparent during the study or within 4 years after the end of 

the study. 

 

10.6 Incentives 

Eligible participants do not receive any special incentives that may encourage participation in this study.  
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11. ADMINISTRATIVE ASPECTS AND PUBLICATION  

 

11.1 Handling and storage of data and documents 

Data are collected in digital patient record forms. Study data are handled confidentially and anonymously and in 

accordance with the Dutch personal data protection act (de wet bescherming persoonsgegevens). Subjects have 

unique identification codes (study number), that are not logically related to the personal data. The list of codes that 

link the study numbers to the individual subjects is safeguarded by the central investigator.  Blood samples and  

study related data that are not directly linked to clinical patient management are stored using that study number.       

 

11.2 Amendments 

All substantial  amendments will be notified to the METC of the UMC Groningen.  Non-substantial amendments will 

not be notified to the accredited METC and the competent authority, but will be recorded and filed by the 

investigator.  

 

11.3 Annual progress reports 

The investigator will submit a summary of the progress of the study to the accredited METC once a year. 

Information will be provided on the date of inclusion of the first subject, numbers of subjects included and numbers 

of subjects that have completed the trial, serious adverse events/ serious adverse reactions, other problems, and 

amendments.  

 

11.4 End of study report 

The investigator will notify the accredited METC of the end of the study within a period of 8 weeks. The end of the 

study is defined as the last patient’s last visit.  In case the study is ended prematurely, the investigator will notify the 

accredited METC, including the reasons for the premature termination. 

Within one year after the end of the study, the investigator will submit a final study report with the results of the 

study, including any publications/abstracts of the study, to the accredited METC.  

 

11.5 Public disclosure and publication policy 

This clinical trial will be registered in a clinical trial register (Nederlands Trial Register at  www.trialregister.nl). Papers 

for publication in scientific literature will be admitted on behalf of the “project group on hyperbilirubinemia in 

preterm infants”.  Members are the members of the scientific project group, one co-ordinating investigator of each 

participating centre, and MTA investigators.   
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PATIENTEN INFORMATIE EN INFORMED CONSENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

30

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

31

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

32

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

33

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

34

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 2, December 22 2006   METc 2006/261 
 

35

SYSTEMATIC REVIEW 
 

Reducing bilirubin-induced neurological dysfunction in premature newborns: additional use of 

bilirubin:albumin ratio in the treatment of hyperbilirubinemia. 

 

This record should be cited as: Dijk PH, Hulzebos CV. A systematic review upon the bilirubin:albumin ratio in the 

treatment of hyperbilirubinemia in preterm newborns. 

 

Background 

Neonatal jaundice due to unconjugated hyperbilirubinemia occurs in almost all preterm infants and is potentially 

harmful for the central nervous system. Treatment is based on total serum bilirubin (TSB) concentration, but is not 

evidence based. The risk of bilirubin-induced neurological dysfunction including neurodevelopmental delay (BIND) 

is in part determined by the total bilirubin pool, but also by the ability of non-albumin bound free bilirubin to enter 

the brain. Therefore, BIND may depend also on the mutual relation between bilirubin and albumin. The 

bilirubin:albumin (B:A) ratio is an interesting additional measurement in the management of hyperbilirubinemia.   

 

Objectives 

To determine the efficacy of the additional use of the B:A ratio in the management of hyperbilirubinemia, reducing 

the incidence of BIND including neurodevelopmental delay in preterm infants with unconjugated hyperbilirubinemia 

when compared to TSB concentrations only. 

 

Search strategy 

We searched National library of medicine (Medline): http://www.pubmed.nl, Cochrane Library: 

http://www.nelh.nhs.uk/cochrane.asp, including Cochrane Database of Systematic Reviews (CDSR), 

Database of Abstracts on Reviews and Effectiveness (DARE), Cochrane Controlled Trial Register (CCTR), Current 

Controlled Trials (CCT): http://controlled-trials.com/, ClinicalTrials.gov: http://clinicaltrials.gov/, NHS Centre for 

Reviews and Dissemination (CRD): http://www.york.ac.uk/inst/crd/crddatabases.htm.  

We used  the relevant  MESH and Text search terms: “hyperbilirubinemia”, “bilirubin”, “jaundice, neonatal” or 

“kernicterus” in combination with “infant, premature” or “infant, low birth weight” in combination with “serum 

albumin” or “bilirubin:albumin ratio” or “B:A ratio” in combination with “BIND”, “neurodevelopmental outcome” or 

“neurotoxicity”.  We hand-searched the articles cited in each publication obtained. Two authors extracted data 

independently.  
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Selection criteria 

We included studies, in which preterm neonates born at gestational age less than 32 weeks (age 28 days of life or 

less) with unconjugated hyperbilirubinemia due to any cause  were analyzed with reference to the association 

between TSB concentration and and/or B:A ratio, and neurodevelopmental outcome or neurotoxicity.  We excluded 

studies in term and near-term infants. 

  

Results 

Initially, we found no references following the search combination “hyperbilirubinemia” and “infant, premature” and 

“serum albumin” or “B:A ratio” and “neurodevelopmental outcome” or  “outcome”. 

We found and read 21 papers following the search combination “hyperbilirubinemia” or “kernicterus”and “infant, 

premature” and “serum albumin”.  

We found 293 references following the search “hyperbilirubinemia” or “kernicterus” and “infant, premature”. These 

abstracts of these references were screened for relevance.  

We found 169 references following the search “hyperbilirubinemia” or “kernicterus” and “serum albumin”. The 

abstracts of these references were screened for relevance. 

The majority of the abstracts and papers that have been screened did not contain any outcome measure related to 

neurotoxicity or neurodevelopmental outcome, others did not contain albumin or B:A ratio measurement.  All 

papers with a combination of bilirubin or hyperbilirubinemia, albumin or B:A ratio, prematurity and a outcome 

related to neurotoxicity (including kernicterus) were included. No additional methodological exclusion criteria were 

applied due to the small number of relevant papers left.    

 

We found no ongoing clinical trials that evaluate the efficacy of B:A ratio versus TSB in preterm infants with 

hyperbilirubinemia. We found no systematic reviews or prospective clinical trials evaluating long term 

neurodevelopmental consequences of using the B:A ratio (with or without the additional use of TSB) versus TSB 

only in the management of preterm infants with hyperbilirubinemia. One prospective cohort study evaluated short 

term effects of B:A ratio’s in predicting bilirubin encephalopathy (Amin 2001). One studie evaluated  retrospecively 

data of a prospective randomised controlled NICHD phototherapy trial, and studied the  association between 

neurodevelopmental outcome and the B:A ratio (NICHD 1985, Scheidt 1990 and Scheidt 1991). One prospective 

and two retrospective case-control post-mortum studies analysed the relation between the B:A ratio and kernicterus 

in preterm infants (Ritter 1982, Kim 1980, Cashore 1982). One patient series reported MRI documented kernicterus 

and its relation to B:A ratio’s (Govaert 2003).  Several reviews discussed the use of the B:A ratio in the management 

of hyperbilirubinemia in preterm infants (Ahlfors 1994, Maisels 2003, Watchko 2003,  Bhutani 2004 2x, Kaplan 

2005).     

 

Amin et al studied in a single center prospective cohort study the usefulness of the B:A ratio and unbound bilirubin 

as compared with TSB in predicting bilirubin encephalopathy assessed by serial auditory brainstem responses (ABR) 

in 143 infants of 28-32 weeks of gestational age (Amin 2001). The mean  peak TSB concentration in infants with 

normal ABR maturation was not significantly different from the mean peak TSB in infants with abnormal maturation. 
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In the total group there was a trend that B:A ratio was better than TSB in predicting abnormal ABR maturation.  In 

the subset of 45 infants in whom unbound bilirubin was measured, although TSB was not different, there was a 

significant difference in B:A ratio between the infants with normal versus abnormal ABR maturation. Unbound 

bilirubin showed to be the most sensitive predictor of abnormal ABR maturation, and hence transient bilirubin 

encephalopathy in premature newborns with hyperbilirubinemia. The authors support at least to consider the B:A 

ratio along with the TSB  in the management of hyperbilirubinemia in preterm infants.  

The National Institute of Child Health and Human Development Cooperative Phototherapy Study was performed in 

the US between 1974 and 1976 (NICHD 1995, Scheidt 1990 and 1991). This randomised controlled study at six 

centers comparing the effect of phototherapy versus no-phototherapy for the treatment of hyperbilirubinemia on 

neurodevelopmental outcome in 1339 infants, included a cohort of low birth weight infants < 2000 gram. It was 

shown that phototherapy effectively controlled neonatal hyperbilirubinemia without evidence of adverse outcome 

at 6 years of age.  

Scheidt et al analysed a subgroup of 224 preterm / low birth weight infants (< 2000 gram) that were randomised to 

the control group. The control group did not receive phototherapy and TSB levels were maintained below specified 

levels by the use of exchange transfusions. In this subgroup the relationship between TSB levels and 

neurodevelopmental outcome was evaluated. There was no relation between TSB levels and cerebral palsy, and IQ 

was not associated with TSB levels, time and duration of exposure to bilirubin. The B:A ratio had a near-signficant 

(p=0.06), though weak, inverse relation with IQ.  

Kim et al. reviewed 398 neonatal autopsies in preterm infants (Kim1980). The 27 infants with kernicterus  

(prevalence of 7%) had relatively low mean TSB peak concentrations, which were similar to those in a restrospective 

contol group of 103 infants without kernicterus.  Serum albumin values and bilirubin binding capacity were 

significantly lower in kernicteric infants compared to controls. B:A ratios were calculated in six of the 27 kernicteric 

infants and 15 of the 103 non-kernicteric infants. B:A ratios were similar in both groups.  

Cashore et al. determined TSB, free unbound bilirubin, B:A ratio and bilirubin binding affinity in 13 preterm infants < 

1500 gram with hyperbilirubinemia before exchange transfusions were performed and later died (Cashore 1982). 

Five of these 13 infants had kernicterus at autopsy, eight had not. Compared to non-kernicteric infants unbound 

bilirubin levels were increased and bilirubin binding affinity was decreased in infants with kernicterus, in association 

with low B:A ratios in the latter. 

Ritter et al. prospectively assessed risk factors in the development of kernicterus in 91 infants < 1500 g. (Ritter 

1982).  In 30 of  the 53 infants that died, autopsie was performed. Seven had kernicterus and 23 not. There was no 

statistically significant difference between infants with and without kernicterus in peak TSB concentration (mean and 

SEM: 7.3 ±1.3 vs 6.1 ±0. 5 mg/dl), free bilirubin (18.2 ± 4.5 vs 11.1 ± 0.9 nm/l) or albumin (2.8 ±0.2 vs 2.8 ±0.1 g/dl). 

Although not explicity provided in their paper, B:A ratios also appear to be not statistically different between infants 

with and without kernicterus (calculated  group mean values 2.6 vs 2.2 mg/g). 

Govaert et al. reported five preterm infants with clinical signs of kernicterus and related changes in globus pallidus 

on magnetic resonance imaging (MRI) and/or sonography with TSB levels below currently used exchange 

transfusion thresholds, but with high B:A ratios (Govaert 2003). In three infants, a combined respiratory and 

metabolic acidosis had been present around the peak TSB concentration. ABR’s were severely impaired in all 
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preterm infants with elevated B:A ratios and all developed hearing loss facing “accepted” TSB levels. The authors 

conclude that the pathophysiological role of low serum albumin levels must be considered in BIND especially in 

acidotic jaundiced preterm infants.        

Ahlfors investigated in 54 infants (35 term and 19 preterm) whether the B:A ratio is a reliable predictor of bilirubin-

albumin binding by mathematical analyses of the relationship of the B:A ratio to the unbound bilirubin concentration 

in jaundiced newborns. He found the B:A ratio to be an reliable surrogate for the unbound bilirubin concentration 

(Alhfors 1994). He concluded that the B:A ratio is a simple nonambiguous way of incorporating the serum albumin 

concentration into exchange transfusion criteria.  

Watchko and Maisels reviewed the pathophysiology, neurodevelopmental outcome and treatment of jaundice in 

low birth weight infants (Watchko 2003 and Maisels 2003). The authors discussed the lack of legitimate evidence in 

the treatment of hyperbilirubinemia in preterm infants and summarized the role of albumin binding and B:A ratio.  

Although no contemporay long term studies relating unbound bilirubin or B:A ratio to developmental outcome are 

available, the authors support the use of the B:A ratio together with, but not in lieu of, the TSB level as an additional 

factor in determining the need for exchange transfusion.  

Bhutani et al. described six case studies of preterm infants who developed kernicterus (Bhutani 2004). They 

conclude that the remergence of kernicterus in preterm infants is a matter of concern. They suggest that in the 

absence of commercial assays for unbound bilirubin or albumin binding reserve, in the mean time, the B:A ratio 

offers the clinician a reasonable measure of bilirubin binding to albumin in the management of hyperbilirubinemia.       

Bhutani and Johnson discussed the need for accurate and precise bilirubin measurements to prevent kernicterus and 

BIND (Bhutani 2004). The care of the vulnerable sick and preterm infant could be optimized by better techniques to 

assess the neurotoxic potential of bilirubin.  The authors express that measures of bilirubin-binding reserve to 

albumin and the B:A ratio can be used in the evaluation of preterm infants with hyperbilirubinemia.   

 

 

Discussion 

We found in our review of the literature no evidence from prospective clinical trials that the use of B:A ratios in the 

management of hyperbilirubinemia reduces long term bilirubin related neurotoxicity. However, it must be 

recognised that circumstantial evidence illustrates that the additional use of the B:A ratio in the management of 

hyperbilirubinemia may have beneficial effects in the prevention of BIND in preterm infants.  

 

Recently, several reviews have discussed the role of the bilirubin-albumin binding in the pathophysiology of bilirubin 

induced neurotoxicity in preterm infants (Ahlfors 2004, Maisels 2003, Kaplan 2005).  

 

Jaundice in newborns result from an increased bilirubin pool due to increased bilirubin production in relation to a 

relatively low bilirubin elimination. When the bilirubin load exceed the binding capacity of albumin, free bilirubin 

levels rise. The free bilirubin portion is related to the TSB, and inversely proportional to albumin and its intrinsic 

ability to bind bilirubine (K). Therefore, the free bilirubin level helps interpret the risk of bilirubin toxicity at a given 

TSB.  Free bilirubin can cross the blood brain barrier and enter the brain. In vitro - and animal studies have shown the 
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neurotoxic potential of free unconjugated bilirubin. These studies have recently been reviewed by Ostrow 2003 and 

Tiribelli 2005.    

Preterm infants are more prone to bilirubin neurotoxity because of increased bilirubin load, slower elimination and 

higher susceptibility. Hyperbilirubinemia in preterm infants is more pronounced due to a higher bilirubin production 

and lower bilirubin exretion, as a result of immaturity of neonatal red cells, hepatic enzymatic conjugation system, 

hepatobiliary extrection and gastrointestinal sytem. Furthermore, the potential neurotoxic effects of 

hyperbilirubinemia is increased in preterm infants due to higher accessability of bilirubin to the brain and more 

pronounced susceptability of the preterm brain to bilirubin. Nevertheless, several neurodevelopmental follow up 

studies have shown conflicting results regarding the association between peak TSB levels and later adverse outcome 

in preterm infants (Watchko 2003).  Furthermore, preterm infants have lower serum albumin levels. Therefore, 

bilirubin binding capacity will be decreased and free bilirubin levels increased. Free bilirubin levels are more closely 

related to short term (ABR maturation abnormalities) and long term outcomes (kernicterus) than TSB (Amin 2001 

and Cashore 1980). Nevertheless, there are no studies evaluating the effect of using free bilirubin measurements in 

the management of hyperbilirubinemia. The lack of these studies is due to the fact that routine clinical labatory 

measurements of free bilirubin are not generally available. Therefore, the bilirubin:albumin ratio has been used as an 

surrogate. 

 

Ahlfors (1994) showed that the B:A ratio correlates with measured free bilirubin levels in newborns, indicating that 

B:A ratio’s might be helpfull in predicting neurotoxicity. In retrospective blood sample analyses of preterm infants 

who died with or without kernicterus, free bilirubin levels and B:A ratio’s tend to have a better correlation with 

kernicterus than the TSB level did (Kim 1980 and Cashore 1982).  

Technological advances in research tools such as magnetic resonance imaging (MRI) and auditory brainstem evoked 

response (ABR) have been used for objective assessments of bilirubin induced neurotoxicity (Shapiro 2003). 

Govaert showed that typical subtle MRI abnormalties in preterm infants with clinical signs of kernicterus were 

related to high B:A ratio;s, but not with peak TSB levels (Govaert 2003).  The ABR is an objective tool in the 

evaluation of bilirubin toxicity in term and preterm infants, as has been recently reviewed by Amin 2004 and Shapiro 

2005. Amin et al 2001 showed in a prospective cohort study in preterm infants that free bilirubine and the B:A ratio 

are more closely related  than TSB with transient ABR abnormalities. Although this study was not an interventional 

trial, it suggests that bilirubin is potentially neurotoxic at lower levels in preterm infants, that this effect can be 

transient, and that B:A ratio’s (after free bilirubin) could better than TSB in monitoring preterm infants in the 

prevention of potential bilirubin toxicity. This study did not assess neurodevelopmental follow-up, yet.  

Scheidt et al did study the association between B:A ratio and neurodevelopmental follow up. In their retrospective 

analyses of the control subgroup of preterm infants who did not receive phototherapy in the NICHD phototherapy 

study,  a near-significant correlation between B:A ratio and neurodevelopmental outcome at 6 years of age was 

found.  

Despite the lack of evidence from randomised controlled trial several experts in the field of bilirubin research and 

advisory committee’s advocate the use of B:A ratio’s in term infants with high bilirubin levels close to the exchange 
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criteria or in the treatment of hyperbilirubinemia in preterm infants (Ahlfors 1994, Maisels 2003, Watchko 2003, 

Blackmon 2003,  Bhutani 2004 2x).     

    

Conclusions 

There is no evidence from prospective clinical trials that the use of B:A ratio’s in the management of 

hyperbilirubinemia reduces BIND including neurodevelopmental delay. However, there is circumstantial evidence 

that the additional use of B:A ratio may be able to prevent BIND in preterm infants. Therefore, along with the opinion 

of several experts in the field of bilirubin research the reviewers conclude that the additional use of the B:A ratio may 

have benificial effects in the prevention of BIND in the management of hyperbilirubinemia in preterm infants. 

Further prospective clinical studies are needed to elucidate this potential effect. 
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SUMMARY 

 

Background  

Neonatal jaundice due to unconjugated hyperbilirubinemia occurs in almost all preterm infants and is potentially 

neurotoxic. Treatment is based on total serum bilirubin (TSB), but is not evidence based. TSB is an unreliable 

predictor of bilirubin induced neurological dysfunction (BIND). Low albumin levels increase free bilirubin (Bf) levels 

and may potentiate BIND. The bilirubin:albumin ratio is an interesting additional method in the management of 

hyperbilirubinemia. 

 

Objective  

The research question of this study is whether BIND is reduced using B:A ratio together with TSB versus TSB-only as 

indicator for treatment of hyperbilirubinemia in preterm infants.  

 

Study design  

Prospective, randomized, controlled, open label, blinded outcome cost-effectiveness multicenter study in tertiary 

neonatal intensive care units in the Netherlands. 

 

Study population  

Preterm infants born at a gestational age of less than 32 weeks postmentrual age. 

 

Intervention  

Hyperbilirubinemia is evaluated daily using the B:A ratio together with TSB (study group) versus TSB only (control 

group — care as usual). Treatment guidelines are based on B:A ratio and TSB (whichever comes first) in the study 

group versus on TSB-only in control group.  

 

Main study parameters/endpoints 

The primary outcome variables are the neurodevelopmental index scores at 18-24 months of age, using a 

standardised neurological examination and composite motor score and composite cognitive score (Bayley Scale of 

Infant Development-III). Secondary outcome variables are: peak TSB, peak B:A ratio, duration of hyperbilirubinemia, 

number and duration of phototherapy, number of exchange transfusion, and all the “complications of prematurity” 

such as mortality, respiratory distress, bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP), patent 

ductus arteriosus (PDA), necrotising enterocolitis (NEC), intraventricular hemorrhage (IVH), periventricular 

echodensitity (PVE) and periventricular leucomalacia (PVL). 

Economic evaluations are part of this study. Costs-effectiveness assessments will be performed from a hospital 

perspective with a time-horizon of 18-24 months. Costs of diagnostics and treatments will be included. Long-term 

effects of neurological impairment and developmental delay on costs are estimated using modelling techniques. 
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Nature and extent of the burden and risks associated with participation, benefit and group relatedness:  

Daily laboratory examinations will include bilirubin and albumin levels for the first ten days of life in both study 

groups . Usually, these measurements do not require extra blood volume. Sometimes, more blood is required 

(maximal 10 x 0.1 ml = 1.0 ml), but  no extra puncture will be necessary.  It is possible that more children will be 

treated with phototherapy and/or exchange transfusion in the study group in comparison to the care-as-usual 

protocols  On the other hand, an earlier start phototherapy may reduce TSB-levels and prevent exchange 

transfusions. The net effect cannot be predicted.  

A part of the study-population (i.e. infants admitted to the NICU of the UMC Groningen) will be subjected to a more 

extended audiological evaluation (ABR) during the first 10 days of life , than in the  routine protocol for NICU 

patients (Algo-screening).  In analogy of the Algo-screening, the ABR consists of auditory stimuli by headphone, 

registered by adhesive head-electrodes (3 instead of 1). Full developmental tests are included of this study protocol. 

These tests are part of the standard follow-up visits of NICU-graduates (care as usual).  

 

Time schedule 

Anticipated start of this study is March 2007. Inclusion period of 9 months. Follow-up at 18-24 months of age. Total 

duration of study is 36 months. End of study is March 2010.   

 

Financial support 

This study is financed by grant nr 945-07-407 of the “Doelmatigheidsonderzoek” program DO 07 of the ZonMw.  
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1. INTRODUCTION AND RATIONALE 

 

Problem definition 

Unconjugated hyperbilirubinemia occurs in nearly all preterm infants (Watchko 1992). Free bilirubin, the fraction 

not bound to albumin, is toxic for the central nervous system (Shapiro 2003). Free bilirubin is difficult to measure 

and routine clinical laboratory measurement is not available. Therefore, the TSB level is used to evaluate 

hyperbilirubinemia, but is not a good predictor of neurotoxicity. Follow-up studies that have evaluated the 

association between TSB and adverse outcome are inconclusive, and most failed (Van de Bor 1989 and 1992, 

Watchko 2003, Oh 2003). Preterm newborns are at greater risk for BIND than term newborns, but precise TSB levels 

at which treatment should be initiated to prevent neurological damage are not known. In addition, preterm 

newborns do not exhibit acute neurologic clinical signs of bilirubin encephalopathy seen in term newborns (Amin 

2001,Govaert 2003). It is difficult to determine whether a preterm infant is at risk for bilirubin neurotoxicity, and no 

evidence-based management guidelines for preterm infants with hyperbilirubinemia exist. The aim of treatment is to 

prevent BIND while not causing harm. Phototherapy and exchange transfusions are effective and relatively safe in 

term newborns. Preterm newborns are much more likely to experience complications of exchange transfusions, 

such as arrhythmia, thrombosis, thrombocytopenia, necrotising enterocolitis, infections or death (Maisels 2003). 

Phototherapy is effective in the prevention for the need of exchange transfusions and side-effects are considered 

rare (Maisels 2003). 

In summary, it is a healthcare problem that despite effective treatment strategies for hyperbilirubinemia, BIND still 

occurs in preterm infants. 

 

Disease subject in this study  

Hyperbilirubinemia and BIND 

 

Subgroup of patients  

Preterm infants < 32 weeks of gestational age. 

Variation in sex, age and cultural background: Bilirubin production, metabolism and neurotoxicity may be influenced 

by gestational age, sex, race, feeding and possible risk factors for bilirubin neurotoxicity such as asphyxia, acidosis, 

sepsis, hemolysis and intracranial bleeding. Subgroup and multivariate analyses will be performed. 

 

Usual care in the Netherlands 

The American Academy of Pediatrics (AAP 2004) has recently published guidelines for the management of 

hyperbilirubinemia in term newborns based on TSB levels. This guideline will be adapted for the Netherlands 

supported by the Nederlandse Vereniging voor Kindergeneeskunde (NVK). For preterm infants no general accepted 

guidelines for the management of hyperbilirubinemia are available. Therefore, the usual care is not uniform. Also in 

the Netherlands several treatment schemes are in use, often adopted from text-books in neonatology. The schemes 

use gestational age (or birthweight), postnatal age and TSB, and reflect TSB thresholds at which phototherapy is 

initiated and higher levels at which exchange transfusion is recommended. 

 

Who are involved in the usual care 

Preterm infants born at GA less than 32 weeks are treated in 10 neonatal intensive care units in the Netherlands. 

Neonatologists and pediatricians are responsible for the medical care. 
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Motivation of the chosen intervention 

Bilirubin neurotoxicity is mainly determined by free bilirubin, which is very difficult to measure. The B:A ratio is an 

estimate of free bilirubin and might therefore be a better indicator for a harmful bilirubin level than TSB. High levels 

of free bilirubin have been associated with BIND in preterm infants (Cashore 1982, Nakamura 1992). The B:A ratio 

correlates with free bilirubin and, has been used in determining the need for exchange transfusion (Ahlfors 1994). In 

addition, raised free bilirubin concentrations are more closely associated than TSB levels with signs of acute 

neurotoxicity in auditory brainstem evoked responses (ABR) (Amin 2001). There are no contemporary long-term 

studies in preterm infants relating free bilirubin levels and acute neurotoxic signs to long-term neurodevelopmental 

outcome. 

We propose to investigate the use of B:A ratio along with TSB vs TSB only as markers of bilirubin toxicity and as 

intervention markers. The intervention thresholds are based on those published by Maisels 2003 and Ahlfors 1994. 

The B:A ratios are derived from TSB (umol/L) divided by 25 g/L for infants < 1250g and divided by 30 g/L for infants 

> 1250 g, which are albumin levels considered to be safe with regard to bilirubin-binding. Lower albumin levels result 

in higher B:A ratios that correspond with increased free bilirubin levels. The B:A thresholds are also based on the 

recommendations of Maisels 2003 and Ahlfors 2003.  

We chose to investigate the effect on neurodevelopmental outcome at 18-24 months of age because it is one of the 

most relevant outcomes in neonatology (Shapiro 2005). We intend additional neurodevelopmental follow-up 

assessments at later ages, but those are beyond the scope of this study protocol. 

 

Relevance 

This study may contribute to the resolution of the healthcare problem in several ways. First, this study will elucidate 

whether the B:A ratio is an additional marker to TSB in predicting acute and chronic neurotoxicity causing 

neurodevelopmental impairment in preterm infants. Therefore neurotoxicity can be prevented, and the 

neurodevelopmental outcome of vulnerable preterm infants might improve.  

Second, this multicenter study can provide evidence on the proposed management guidelines and uniform the wide 

range of currently used guidelines in the management of hyperbilirubinemia in preterm infants. Several foreign 

experts in the field state that our study could provide novel information on this topic. 

 

Other studies related to this healthcare problem 

In the USA a NICHD Neonatal Research Network randomised control study in preterm infants comparing 

conservative versus prophylactic i.e. aggressive use of phototherapy and exchange transfusion is underway. The 

main healthcare problem of bilirubin neurotoxicity in preterm infants is the same, but research questions and the 

chosen intervention are different from our study. The recently published results of the Aggressive vs. Conservative 

phototherapy trial (Morris BH et al., N Engl J Med. 2008 Oct 30;359(18):1885-96), prompt us, for comparative 

reasons, to perform subgroup analyses based on birth weight groups. Subgroup analyses will be conducted for two 

birthweight groups: ≤ 1000 g versus > 1000 g. 

 

Reports by advisory boards on this subject 

The American Academy of Pediatrics (AAP 2004) and the National Institute of Child Health and Human 

Development (Blackmon 2004) have called for further research into the clinical use of bilirubin — albumin relation to 

improve the ability to determine those babies truly needing treatment. The NICHD called for development of 

rigorous validation of measures to detect and quantify early manifestations of bilirubin-induced brain injury and to 
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confirm the time-course of such manifestations in response to interventions including: (amongst others) 

neurophysiologic testing, including ABR monitoring (AAP 2004). The current American Academy of Pediatrics (AAP 

2004) guidelines for managing healthy jaundiced term and near term newborns recommends the use of the 

bilirubin/albumin ratio in addition to the total serum bilirubin. 

This study is supported by the Kwaliteitsbureau of the Nederlandse Vereniging voor Kindergeneeskunde. 

 

Incidence of the targeted (sub)population 

In the Netherlands, each year about 1400 infants are born with a gestational age of less than 32 weeks.  Almost all 

these infants are treated in the ten NICUs in the Netherlands. Visible jaundice is an almost universal feature in these 

preterm children. Therefore, the majority is treated with phototherapy for several days. Only a small number 

preterm infants (estimated at about 20-50 per year in NL) is treated with exchange transfusions for more severe 

hyperbilirubinemia.  

 

Estimated potential effects on health from the interventions evaluated in this study  

At 18-24 months of age 40% of the children who were born before 32 wks of GA have neurodevelopmental delay 

(Stoelhorst 2003). This delay is due to several variables during infancy, and bilirubin toxicity is probably one of them. 

The potential effects of using the B:A ratio in addition to the TSB-level versus the TSB only (usual care) as diagnostic 

determinant for starting (and stopping) treatment (phototherapy or exchange therapy) for hyperbilirubinemia are 

based on the assumption that the B:A ratio is more closely related to the potential toxic free bilirubin levels than the 

TSB is. In preterm infants with low albumin levels, who are more vulnerable to bilirubin toxicity, therapy will be 

started at relatively (related to albumin) low bilirubin levels. Therefore, therapy will be started in those infants that 

really need it .We expect that in the vulnerable group of infants with low levels of albumin, bilirubin neurotoxicity 

and consequently neurodevelopmental delay will be reduced. 

 

Estimated potential effects on costs from the interventions evaluated in this study  

We expect that with a more selective application of the treatment of hyperbilirubinemia we are able to reduce the 

number of infants with neurological damage. The ex-preterm infants with neurological damage need special 

treatment e.g. physiotherapy, speech-language-communication-training, hearing-aids, special education and medical 

check-ups. In the group infants who are more vulnerable to bilirubin toxicity, with relatively low levels of albumin, 

the number of phototherapy days will probably increase but it is anticipated that the neurological outcome will be 

better in comparison to the usual care. Although short-term costs might increase (albumin measurements and 

phototherapy), life-time costs as a result of neurological disabilities will be reduced. 
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2. OBJECTIVES 

 
The primary objective of this study is to evaluate whether the combination of B:A ratio together with TSB is a better 

marker for a harmful unconjugated bilirubin level than TSB only. Using this combination of B:A ratio and TSB in the 

treatment of hyperbilirubinemia  will lead to better treatment and reduce BIND.  

The primary research question is therefore: Is BIND reduced by using the combination of B:A ratio and TSB versus 

TSB only as indicators for phototherapy and exchange transfusion for the treatment of hyperbilirubinemia in 

preterm infants (born at less than 32 weeks PMA) ?  

 

 

3.  STUDY DESIGN 

 

Prospective randomized controlled open label, blinded endpoints multicenter study in the ten Neonatal Intensive 

Care Units in the Netherlands ( see flowchart). 
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4.  STUDY POPULATION 

4.1  Population (base) 

All preterm infants born at less than 32 weeks of PMA treated in one of the ten NICU’s in the Netherlands are 

eligible for this study. 

In the Netherlands all infants born before 32 weeks of gestational age are treated in one of the ten NICU’s. Non-

NICU hospitals have an obligation to send mothers with imminent preterm delivery before 32 weeks of GA  and the  

preterm infants born before 32 weeks PMA to the regional NICU.  In the Netherlands each year about 1400 infants 

are born with a GA of less than 32 weeks. The majority of these infants are inborn (intrauterine transport of the 

infant).  A minority of the children born before a gestational age of 32 weeks are transported postnatally, in their first 

day of life.    

 

4.2  Inclusion criteria 

- Prematurity (< 32+0 weeks of PMA) 

- Admitted to a NICU in less than 24 hours after birth 

- Informed consent of the parent or legal guardian 

 

4.4 Exclusion criteria 

Major congenital malformations, clinical syndromes and chromosomal abnormalities 
 
 
4.4  Sample size calculation 

Neurodevelopmental outcome at 18-24 months of age using mental — and psychomotor development scores (MDI 

and PDI) are assessed using the Dutch version of Bayley scales of infant development. A significant association has 

been reported between peak TSB concentration and PDI in a retrospective cohort analysis of the  NICHD (Oh 2003). 

The PDI scale has a population mean of 100 and a standard deviation of 16, but a reference (i.e. in preterm infants 

<32 weeks) mean of 96 (SD 26) (Oh 2003, Stoelhorst 2003). Both scales range from 51 to 149. An MDI or PDI score 

of more than 85 is considered normal, a score between 68 and 84 is considered moderate delay and scores less than 

68 as severe delay. A difference of 5 - 10 points in developmental score is considered relevant (personal 

communication Dijk/Hulzebos with all neonatologists in the Netherlands during a consensus meeting (Neoned 

Retraite in January 2006). With an alpha of 0.05 and power of 80% a change of 7 points on a 100 points scale, with a 

standard deviation of 26, 2x 217 subjects need to be assessed. If 10% mortality and 20% drop outs are considered in 

this population, a total of 2 x 307 subjects need to be included (INSTAT statistics,  see flow chart). In a consensus 

meeting with all participating NICUs and representatives of the Netherlands Neonatal  Follow-Up organisation (May 

2008) it was agreed to replace the 2nd version of the Bayley Scales of Infant Development (BSID II) by the 3rd 

version (BSID III). After that meeting, the BSID III is used for routine clinical follow-up in all preterm born infants with 

a gestational age of less than 30 weeks, and for all children included in this clinical trial.  All agreed to test the 

composite motor score scales (primary endpoint) and composite cognitive score scales.  
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5.  TREATMENT OF SUBJECTS 

 

5.1  Investigational treatment 

This study compares two methods of management of hyperbilirubinemia in preterm infants. In the control group, 

the management of hyperbilirubinemia is based on TSB levels only (care as usual). The thresholds of treatment of 

hyperbilirubinemia with phototherapy or exchange transfusion are based on TSB only. In the study group a 

combination of TSB and B:A ratio is used. The thresholds of treatment (phototherapy and exchange transfusion) are 

based on both, TSB and B:A ratio, whichever comes first. Whenever one of the two markers of hyperbilirubinemia 

(TSB or B:A ratio) reaches the predefined threshold values, treatment should be started.  

 

5.2  Use of co-intervention 

The use of albumine infusion in the treatment of hyperbilirubinemia is discouraged in this study. Treatment with 

albumine infusion for other indications is not restricted. The study protocol has no restrictions with regard to co-

interventions, co-medication or other specific guidelines. The study subjects are treated according to the guidelines 

of the individual NICU’s. 

 

5.3 Escape medication / treatment 

Not applicable 
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6.  METHODS 

 

6.1 Study parameters/endpoints 

6.1.1  Main study parameters/endpoints  

The primary endpoint of this study is the neurodevelopmental outcome at the age of 18-24 months using 

standardised neurological examination and developmental scores: composite motor score and composite cognitive 

score are assessed using the Dutch version of the BSID III.  

 

6.1.2  Secondary study parameters/endpoints 

Secondary endpoints are bilirubin-related parameters with amongst others peak bilirubin levels, duration of 

hyperbilirubinemia, peak B:A ratio, number and duration of phototherapy, number of exchange transfusions.  

Other secondary outcome parameters are those related to “the complications of prematurity” which are potential 

confounders for neurodevelopmental outcome. The complications of prematurity are mortality, respiratory distress 

syndrome (RDS), bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA), necrotizing enterocolitis 

(NEC), retinopathy of prematurity (ROP), infections, intraventricular hemorrhage (IVH), periventricular 

echodensities (PVE) and periventricular leucomalacia (PVL). 

  

6.1.3  Other study parameters/endpoints  

Other study are potential intermediate variables in the evaluation of bilirubin metabolism and -toxicity. These 

parameters are free bilirubin levels, lumirubine and ABR-measurements.   

 

Other study parameters are those involved in the economic evaluation or cost-effectiveness analyses and contain 

the direct and indirect costs of management of hyperbilirubinemia, prematurity and developmental delay. 

 

It is the intention to perform additional neurodevelopment assessments at later ages (4-7years), but those are 

beyond the scope of this study protocol. 

  

6.2  Randomisation, blinding and treatment allocation 

Assessment for eligibility is performed by neonatologists and/residents of the participating NICU. They initially ask 

whether the parents will consider participation of their child and provide written patient information. The co-

ordinating research nurses/investigators inform the parents in detail.  A 24 hrs — 7 days schedule will be made up to 

be able to inform and enrol participants day and night, 7 days a week. The written information contains information 

on the objectives, design, methods, duration, possible advantages and disadvantages of the study treatments, and 

information that non-co-operation with the study or withdrawal will not have consequences for the treatment of 

their child. Research nurses/investigators obtain written informed consent and are available for additional 

information to the parents. On demand, parents can obtain additional information from an independent pediatrician. 

Parents are allowed to consider participation for several hours, with a maximum of 24 hours, since subjects need to 

bee included during their first day of life.   

After informed consent has been obtained study subjects are randomised using a web-based computer scheme. The 

subjects are assigned  in a 1:1 ratio to one of the two study groups. Randomisation is stratified according to the study 

site (NICU) and gestational age group (two groups: 24+0 - 28+6 weeks and 29+0 - 31+6weeks) .   

Blinded treatment assignment is not possible. Clinicians should be aware whether to apply the hyperbilirubinemia 

guidelines based on TSB (control group) or B:A ratio and/or TSB (study group).  Blinding of the study subjects is not 
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an issue in preterm infants. The  parents are not aware of  group-allocation to secure blind assessment of the primary 

endpoint . The main study endpoints are assessed blindly.  Neurodevelopmental outcome tests are performed by 

neonatologists and assistants who are unaware of the group allocation of the subjects.     

 

6.3  Study procedures 

In both study groups hyperbilirubinemia is evaluated daily for the first ten days of life.  Treatment of 

hyperbilirubinemia will be based on total serum bilirubin in the care as usual group, whereas in the study group the 

combination of bilirubin:albumin ratio and total serum bilirubin will guide treatment. In both groups total serum 

bilirubin and albumin will be measured for post-hoc analyses purposes.  

In general no extra blood volume is needed for these measurements, because these measurements are part of the 

daily routine blood examinations. In some cases this may cost several tenths of millilitres blood extra (maximal 

10x0.1ml=1.0ml), but no extra punctures will be necessary.   

The primary outcome is neurodevelopmental outcome by 18-24 months of age and consists of a standardised 

neurological physical examination and assessments of developmental scores: motor and cognitive scores using the 

Dutch version of the Bayley scales of Infant Development (BSID-III-NL).  The composite cognitive score assesses 

environmental responsiveness and sensory and perceptual abilities, memory, learning abilities. The composite motor 

score assesses both gross and fine motor skills. 

Mental, motor and behaviour functions are tested by playing and observations. The test duration is about 60 min. 

Each child will undergo a standardised pediatric neurologic evaluation to assess the quality of their motor skills, co-

ordination, gait and behaviour. Cerebral palsy is diagnosed with the use of standard criteria, including the location or 

body part impaired (e.g. hemiplegia or diplegia), the degree of impairment of muscle tone, and reflexes, and the 

effect of the condition on ambulation. Audiologic and visual impairment are tested by standardised tests.  

Residual blood samples will be stored for free bilirubin measurements: no extra punctures will be done for this 

purpose.  

Residual urine samples that are collected as part of the routine clinical treatment, will be stored for lumirubine 

measurements. 

In a subgroup of children (i.e. infants admitted to the NICU of the UMC Groningen),  serial automated brainstem 

evoked potentials (ABR) will be assessed using a earphone to apply sound-clicks and self-adhesive electrodes applied 

to the head to record the time that sound-stimuli need to reach the brain.      

 

6.5  Withdrawal of individual subjects 

Subjects can leave the study at any time for any reason if they (their parents/caretakers) wish to do so without any 

consequences. The investigator can decide to withdraw the subject from the study for urgent medical reasons.  

6.4.1 Specific criteria for withdrawal 

Specific criteria for withdrawal are those circumstances in which the exclusion criteria (major congenital 

malformations, clinical syndromes and chromosomal abnormalities) are being diagnosed after inclusion.   

Death and other serious complications of prematurity are not a reason to withdraw subjects.   

 

6.5 Replacement of individual subjects after withdrawal 

The number of withdrawn subjects will be replaced. 
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6.7  Follow-up of subjects withdrawn from treatment 

Subjects withdrawn from the study will be treated according to the usual care including neurodevelopmental 

outcome assessment which is part of the usual follow up of NICU-graduates. 

 

6.7 Premature termination of the study 

The primary outcome variable of this study is neurodevelopmental outcome at 18-24 months of age, which is 

beyond the timespan of the inclusion period of this study (9 months). Therefore, interim analyses or application of 

stopping rules during the inclusion period is not relevant.  A Data Safety Monitoring Board will monitor the study 

population on safety aspects.  This Board may advise the Project group to alter the study protocol or even terminate 

the study in case of  (unexpected) serious adverse events.  Please see chapter 8: “Safety Reporting”.      
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7.  Economic evaluation (MTA) 

 

This study includes an economic evaluation, and will be conducted as a cost-effectiveness analysis. Therefore, the 

costs of care for preterm infants that are evaluated using TSB versus B:A ratio along with TSB, will be compared by 

looking at the incremental costs per additional point on the PDI scale at 18-24 months. A more favourable score on 

the PDI scale is expected in the group treated according to the B:A ratio. The evaluation will be conducted from a 

hospital perspective including direct medical costs. Costs of diagnostics (bilirubin and albumin measurements) as 

well as treatment in case of unconjugated hyperbilirubinemia (phototherapy and exchange transfusions) will be 

taken into account. A case record form (CRF) will be used to collect costs for each patient during the study period.  

In addition, a decision-analytic model will be constructed to assess the long-term cost-effectiveness of prevention of 

bilirubin induced neurological damage. Costs of long-term effects of neurological impairments such as hospital stay, 

doctors-visits,  hearing-aids, physiotherapy, and speech-therapy will be based on both retrospective data from our 

institutions and data from the literature (e.g. Io 2004, Hack 2000). The model will be built with Tree-Age Pro 

Healthcare Edition. In addition, uncertainty surrounding the incremental cost-effectiveness will be presented using a 

cost-effectiveness plane. Cost components will be vaulted according to the Dutch guidelines for economic 

evaluation (CVZ). 

 Time horizon of this study is 18-24 months for the prospective economic evaluation and lifetime for the analysis 

with the model. Due to a long time-horizon, discounting will be applied. A sensitivity analysis will be conducted to 

estimate the impact of variation of major cost elements as well as different discount rates.  
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9. SAFETY REPORTING 

 

8.1 section 10 WMO event 

In accordance to section 10, subsection 1, of the WMO, the investigator will inform the subjects 

(parents/caretakers) and the reviewing accredited METC if anything occurs, on the basis of which it appears that the 

disadvantages of participation may be significantly greater than was foreseen in the research protocol. The study will 

be suspended pending further review by the accredited METC, except insofar as suspension would jeopardise the 

subjects’ health. The investigator will take care that all subjects are kept informed. 

 

8.2  Adverse and serious events  

This study is evaluating long-term consequences of diagnostic procedures on neurodevelopmental outcome and is 

not an investigational medical product study. Treatment modalities in this study protocol are equal to those applied 

in the usual care.  It may be possible that more children will be treated with phototherapy and/or exchange 

transfusion in the study group in comparison to the care-as-usual protocols. Phototherapy and exchange 

transfusions are effective and relatively safe in term newborns. Preterm newborns are much more likely to 

experience complications of exchange transfusions, such as arrhythmia, thrombosis, thrombocytopenia, necrotising 

enterocolitis, infections or death (Maisels 2003). Phototherapy is effective in the prevention for the need of 

exchange transfusions and side-effects are considered rare (Maisels 2003).  Therefore, earlier phototherapy may 

reduce TSB-levels and prevent exchange transfusions. The net effect cannot be predicted.   

Other adverse and serious events are not to be expected and not related to the study protocol.  Preterm infants 

treated in NICUs often suffer from serious effects. These complications of prematurity are recorded in the CRF and 

analysed continuously and monitored by the Data Safety Monitoring Board.  

 

8.3 Follow-up of adverse events 

All infants will participate in the usual NICU-graduate follow-up. This follow-up program is targeted at evaluating and 

coordinating diagnostic procedures and treatment of all prematurity related problems, in close cooperation with 

regional and local pediatricians.  

 

8.4 Data Safety Monitoring Board 

During the inclusion period of 9 months until 3 months thereafter the Data Safety Monitoring Board will analyse the 

incidence of the above mentioned complications of prematurity in both study groups.  The Board will, as needed, 

review individual records to be able to analyse potential associations between complications and the study protocol. 

The Board may advise the Project Group to alter the study protocol or even terminate the study in case of serious 

adverse effect.  The personal composition of the Data Safety Monitoring Board has to be determined.        
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9. STATISTICAL ANALYSES 

 

9.1 Descriptive statistics 

All randomised subjects will be analysed on the intention to treat basis. The unpaired two-sided Student’s t-test will 

be used to compare the primary outcome data ( i.e. composite motor score) in the study group versus the control 

group. Categorical data will be compared using two-sided Chi-square tests with continuity correction or Fischer’s 

exact test. Normally distributed continuous  variables are compared using the unpaired Student’s t-test. 

Nonparametric continuous variables are compared using the Wilcoxon rank sum test or Mann-Whitney U-test. 

Significance is defined as p<0.05. All variables are tested two-sided.  

 

9.2 and  9.3 Univariate analysis  &  multivariate analysis 

In post- hoc analyses  logistic regression models will be applied to analyse the association between bilirubin variables 

(peak TSB, peak B:A ratio, duration of hyperbilirubinemia etc) and neurodevelopmental outcome variables.  

Demographic risk factors (e.g.  gestational age, birthweight, sexe, mothers’ educational level)  and other confounders 

(complications of prematurity such as: intracranial hemorrhage, periventricular leucomalacia, postnatal steroids, 

necrotising enterocolitis, bronchopulmonary dysplasia, retinopathy of prematurity, late sepsis)  will be included in 

multivariable logistic regression models.  

 

The recently presented results of the NICHD aggressive vs. conservative PT trial (Morris BH et al., N Engl J Med. 2008 

Oct 30;359(18):1885-96) prompt us, for comparative reasons, to perform subgroup analyses based on birth weight 

groups in stead of subgroup analyses based on gestational age groups. Therefore, subgroup analyses will be 

conducted for two birth-weight groups: ≤ 1000 g versus > 1000 g. 

 

9.4 Interim analysis 

Interim analyses are not performed.  This study is an long-term outcome study. The outcome assessment at the age 

of 18-24 months is beyond the end of the inclusion period ( 9 months). Therefore, it is not relevant to perform 

interim analyses on the primary outcome. 
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10. ETHICAL CONSIDERATIONS 

 

10.1  Regulation statement 

This study will be conducted  according to the principles of the Declaration of Helsinki  (version 9.10.2004) and in 

accordance with the Medical Research Involving Human Subjects Act (WMO). 

 

10.2 Recruitment and consent 

Assessment for eligibility is performed by neonatologists and/residents of the participating NICU’s. They initially ask 

whether the parents would consider participation of their child and provide written patient information. The co-

ordinating research nurses/investigators inform the parents in detail.  A 24 hrs — 7 days schedule will be made up to 

be able to inform and enrol participants day and night, 7 days a week.. The written information contains information 

on the objectives, design, methods, duration, possible advantages and disadvantages of the study treatments, and 

information that non-co-operation with the study or withdrawal will not have consequences for the treatment of 

their child. Research nurses/investigators obtain written informed consent and are available for additional 

information to the parents. On demand, parents can obtain additional information from an independent pediatrician. 

Parents are allowed to consider participation for several hours, with a maximum of 24 hours, since subjects need to 

bee included during their first day of life.   (please see patient information letter and informed consent letter) 

 

10.3  Objection by minors or incapacitated subjects. 

This study will be conducted according to the principles of the code of conduct for resistance in minors  participating 

in medical scientific research (Gedragscode bij verzet van minderjarigen die deelnemen aan medisch-

wetenschappelijk onderzoek), stated by the Dutch society of pediatrics: Nieuwsbrief Nederlandse Vereniging voor 

Kindergeneeskunde (NVK), nummer 3, 2001.   

 

10. 4 Benefits and risks assessments, group relatedness 

Neonatal jaundice due to unconjugated hyperbilirubinemia is a physiological phenomena of the newborn infant.  

Hyperbilirubinemia is potentially neurotoxic and related to psychomotor developmental impairment. Studies 

comparing different management strategies of hyperbilirubinemia in preterm infants assessing neurodevelopmental 

outcome can only be conducted in preterm infants. There are no other, less vulnerable, potential study subjects in 

which our research question can be studied.  The main goal of this study is to reduce neurodevelopmental 

impairment in preterm infants. In the Netherlands about 40% of the ex-preterm NICU-graduates have delayed 

mental and psychomotor development.  Therefore, individual subjects of the study population could benefit from 

this study, by a better neurodevelopmental outcome, if our hypothesis appears to be true.  

To our opinion, the risks and hazard associated with participation to this study can be considered negligible and 

burden minimal. In the study group the B:A ratio is used as marker for potential neurotoxic hyperbilirubinemia, in 

addition to the total serum bilirubin (TSB). In the control group, in which the care as usual is applied, only the TSB 

level is taken into account. Therefore this study can be considered safe.              
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10.5 Compensation for injury 

The sponsor/investigator has a liability insurance which is in accordance with article 7, subsection 6 of the WMO. 

  

The sponsor (also) has an insurance which is in accordance with the legal requirements in the Netherlands (Article 7 

WMO and the Measure regarding Compulsory Insurance for Clinical Research in Humans of 23rd June 2003). This 

insurance provides cover for damage to research subjects through injury or death caused by the study. 

4. € 450.000,-- (i.e. four hundred and fifty thousand Euro) for death or injury for each subject  who 

participates in the Research; 

5. € 3.500.000,-- (i.e. three million five hundred thousand Euro) for death or injury for all subjects who 

participate in the Research;  

6. € 5.000.000,-- (i.e. five million Euro) for the total damage incurred by the organisation for all damage 

disclosed by scientific research for the Sponsor as ‘verrichter’ in the meaning of said Act in each year of 

insurance coverage. 

 

The insurance applies to the damage that becomes apparent during the study or within 4 years after the end of 

the study. 

 

10.6 Incentives 

Eligible participants do not receive any special incentives that may encourage participation in this study.  
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11. ADMINISTRATIVE ASPECTS AND PUBLICATION  

 

11.1 Handling and storage of data and documents 

Data are collected in digital patient record forms. Study data are handled confidentially and anonymously and in 

accordance with the Dutch personal data protection act (de wet bescherming persoonsgegevens). Subjects have 

unique identification codes (study number), that are not logically related to the personal data. The list of codes that 

link the study numbers to the individual subjects is safeguarded by the central investigator.  Blood samples and  

study related data that are not directly linked to clinical patient management are stored using that study number.       

 

11.2 Amendments 

All substantial  amendments will be notified to the METC of the UMC Groningen.  Non-substantial amendments will 

not be notified to the accredited METC and the competent authority, but will be recorded and filed by the 

investigator.  

 

11.3 Annual progress reports 

The investigator will submit a summary of the progress of the study to the accredited METC once a year. 

Information will be provided on the date of inclusion of the first subject, numbers of subjects included and numbers 

of subjects that have completed the trial, serious adverse events/ serious adverse reactions, other problems, and 

amendments.  

 

11.4 End of study report 

The investigator will notify the accredited METC of the end of the study within a period of 8 weeks. The end of the 

study is defined as the last patient’s last visit.  In case the study is ended prematurely, the investigator will notify the 

accredited METC, including the reasons for the premature termination. 

Within one year after the end of the study, the investigator will submit a final study report with the results of the 

study, including any publications/abstracts of the study, to the accredited METC.  

 

11.5 Public disclosure and publication policy 

This clinical trial will be registered in a clinical trial register (Nederlands Trial Register at  www.trialregister.nl). Papers 

for publication in scientific literature will be admitted on behalf of the “project group on hyperbilirubinemia in 

preterm infants”.  Members are the members of the scientific project group, one co-ordinating investigator of each 

participating centre, and MTA investigators.   
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STUDY GUIDELINES 
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PATIENTEN INFORMATIE EN INFORMED CONSENT 
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SYSTEMATIC REVIEW 
 

Reducing bilirubin-induced neurological dysfunction in premature newborns: additional use of 

bilirubin:albumin ratio in the treatment of hyperbilirubinemia. 

 

This record should be cited as: Dijk PH, Hulzebos CV. A systematic review upon the bilirubin:albumin ratio in the 

treatment of hyperbilirubinemia in preterm newborns. 

 

Background 

Neonatal jaundice due to unconjugated hyperbilirubinemia occurs in almost all preterm infants and is potentially 

harmful for the central nervous system. Treatment is based on total serum bilirubin (TSB) concentration, but is not 

evidence based. The risk of bilirubin-induced neurological dysfunction including neurodevelopmental delay (BIND) 

is in part determined by the total bilirubin pool, but also by the ability of non-albumin bound free bilirubin to enter 

the brain. Therefore, BIND may depend also on the mutual relation between bilirubin and albumin. The 

bilirubin:albumin (B:A) ratio is an interesting additional measurement in the management of hyperbilirubinemia.   

 

Objectives 

To determine the efficacy of the additional use of the B:A ratio in the management of hyperbilirubinemia, reducing 

the incidence of BIND including neurodevelopmental delay in preterm infants with unconjugated hyperbilirubinemia 

when compared to TSB concentrations only. 

 

Search strategy 

We searched National library of medicine (Medline): http://www.pubmed.nl, Cochrane Library: 

http://www.nelh.nhs.uk/cochrane.asp, including Cochrane Database of Systematic Reviews (CDSR), 

Database of Abstracts on Reviews and Effectiveness (DARE), Cochrane Controlled Trial Register (CCTR), Current 

Controlled Trials (CCT): http://controlled-trials.com/, ClinicalTrials.gov: http://clinicaltrials.gov/, NHS Centre for 

Reviews and Dissemination (CRD): http://www.york.ac.uk/inst/crd/crddatabases.htm.  

We used  the relevant  MESH and Text search terms: “hyperbilirubinemia”, “bilirubin”, “jaundice, neonatal” or 

“kernicterus” in combination with “infant, premature” or “infant, low birth weight” in combination with “serum 

albumin” or “bilirubin:albumin ratio” or “B:A ratio” in combination with “BIND”, “neurodevelopmental outcome” or 

“neurotoxicity”.  We hand-searched the articles cited in each publication obtained. Two authors extracted data 

independently.  
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Selection criteria 

We included studies, in which preterm neonates born at gestational age less than 32 weeks (age 28 days of life or 

less) with unconjugated hyperbilirubinemia due to any cause  were analyzed with reference to the association 

between TSB concentration and and/or B:A ratio, and neurodevelopmental outcome or neurotoxicity.  We excluded 

studies in term and near-term infants. 

  

Results 

Initially, we found no references following the search combination “hyperbilirubinemia” and “infant, premature” and 

“serum albumin” or “B:A ratio” and “neurodevelopmental outcome” or  “outcome”. 

We found and read 21 papers following the search combination “hyperbilirubinemia” or “kernicterus”and “infant, 

premature” and “serum albumin”.  

We found 293 references following the search “hyperbilirubinemia” or “kernicterus” and “infant, premature”. These 

abstracts of these references were screened for relevance.  

We found 169 references following the search “hyperbilirubinemia” or “kernicterus” and “serum albumin”. The 

abstracts of these references were screened for relevance. 

The majority of the abstracts and papers that have been screened did not contain any outcome measure related to 

neurotoxicity or neurodevelopmental outcome, others did not contain albumin or B:A ratio measurement.  All 

papers with a combination of bilirubin or hyperbilirubinemia, albumin or B:A ratio, prematurity and a outcome 

related to neurotoxicity (including kernicterus) were included. No additional methodological exclusion criteria were 

applied due to the small number of relevant papers left.    

 

We found no ongoing clinical trials that evaluate the efficacy of B:A ratio versus TSB in preterm infants with 

hyperbilirubinemia. We found no systematic reviews or prospective clinical trials evaluating long term 

neurodevelopmental consequences of using the B:A ratio (with or without the additional use of TSB) versus TSB 

only in the management of preterm infants with hyperbilirubinemia. One prospective cohort study evaluated short 

term effects of B:A ratio’s in predicting bilirubin encephalopathy (Amin 2001). One studie evaluated  retrospecively 

data of a prospective randomised controlled NICHD phototherapy trial, and studied the  association between 

neurodevelopmental outcome and the B:A ratio (NICHD 1985, Scheidt 1990 and Scheidt 1991). One prospective 

and two retrospective case-control post-mortum studies analysed the relation between the B:A ratio and kernicterus 

in preterm infants (Ritter 1982, Kim 1980, Cashore 1982). One patient series reported MRI documented kernicterus 

and its relation to B:A ratio’s (Govaert 2003).  Several reviews discussed the use of the B:A ratio in the management 

of hyperbilirubinemia in preterm infants (Ahlfors 1994, Maisels 2003, Watchko 2003,  Bhutani 2004 2x, Kaplan 

2005).     

 

Amin et al studied in a single center prospective cohort study the usefulness of the B:A ratio and unbound bilirubin 

as compared with TSB in predicting bilirubin encephalopathy assessed by serial auditory brainstem responses (ABR) 

in 143 infants of 28-32 weeks of gestational age (Amin 2001). The mean  peak TSB concentration in infants with 

normal ABR maturation was not significantly different from the mean peak TSB in infants with abnormal maturation. 
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In the total group there was a trend that B:A ratio was better than TSB in predicting abnormal ABR maturation.  In 

the subset of 45 infants in whom unbound bilirubin was measured, although TSB was not different, there was a 

significant difference in B:A ratio between the infants with normal versus abnormal ABR maturation. Unbound 

bilirubin showed to be the most sensitive predictor of abnormal ABR maturation, and hence transient bilirubin 

encephalopathy in premature newborns with hyperbilirubinemia. The authors support at least to consider the B:A 

ratio along with the TSB  in the management of hyperbilirubinemia in preterm infants.  

The National Institute of Child Health and Human Development Cooperative Phototherapy Study was performed in 

the US between 1974 and 1976 (NICHD 1995, Scheidt 1990 and 1991). This randomised controlled study at six 

centers comparing the effect of phototherapy versus no-phototherapy for the treatment of hyperbilirubinemia on 

neurodevelopmental outcome in 1339 infants, included a cohort of low birth weight infants < 2000 gram. It was 

shown that phototherapy effectively controlled neonatal hyperbilirubinemia without evidence of adverse outcome 

at 6 years of age.  

Scheidt et al analysed a subgroup of 224 preterm / low birth weight infants (< 2000 gram) that were randomised to 

the control group. The control group did not receive phototherapy and TSB levels were maintained below specified 

levels by the use of exchange transfusions. In this subgroup the relationship between TSB levels and 

neurodevelopmental outcome was evaluated. There was no relation between TSB levels and cerebral palsy, and IQ 

was not associated with TSB levels, time and duration of exposure to bilirubin. The B:A ratio had a near-signficant 

(p=0.06), though weak, inverse relation with IQ.  

Kim et al. reviewed 398 neonatal autopsies in preterm infants (Kim1980). The 27 infants with kernicterus  

(prevalence of 7%) had relatively low mean TSB peak concentrations, which were similar to those in a restrospective 

contol group of 103 infants without kernicterus.  Serum albumin values and bilirubin binding capacity were 

significantly lower in kernicteric infants compared to controls. B:A ratios were calculated in six of the 27 kernicteric 

infants and 15 of the 103 non-kernicteric infants. B:A ratios were similar in both groups.  

Cashore et al. determined TSB, free unbound bilirubin, B:A ratio and bilirubin binding affinity in 13 preterm infants < 

1500 gram with hyperbilirubinemia before exchange transfusions were performed and later died (Cashore 1982). 

Five of these 13 infants had kernicterus at autopsy, eight had not. Compared to non-kernicteric infants unbound 

bilirubin levels were increased and bilirubin binding affinity was decreased in infants with kernicterus, in association 

with low B:A ratios in the latter. 

Ritter et al. prospectively assessed risk factors in the development of kernicterus in 91 infants < 1500 g. (Ritter 

1982).  In 30 of  the 53 infants that died, autopsie was performed. Seven had kernicterus and 23 not. There was no 

statistically significant difference between infants with and without kernicterus in peak TSB concentration (mean and 

SEM: 7.3 ±1.3 vs 6.1 ±0. 5 mg/dl), free bilirubin (18.2 ± 4.5 vs 11.1 ± 0.9 nm/l) or albumin (2.8 ±0.2 vs 2.8 ±0.1 g/dl). 

Although not explicity provided in their paper, B:A ratios also appear to be not statistically different between infants 

with and without kernicterus (calculated  group mean values 2.6 vs 2.2 mg/g). 

Govaert et al. reported five preterm infants with clinical signs of kernicterus and related changes in globus pallidus 

on magnetic resonance imaging (MRI) and/or sonography with TSB levels below currently used exchange 

transfusion thresholds, but with high B:A ratios (Govaert 2003). In three infants, a combined respiratory and 

metabolic acidosis had been present around the peak TSB concentration. ABR’s were severely impaired in all 
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preterm infants with elevated B:A ratios and all developed hearing loss facing “accepted” TSB levels. The authors 

conclude that the pathophysiological role of low serum albumin levels must be considered in BIND especially in 

acidotic jaundiced preterm infants.        

Ahlfors investigated in 54 infants (35 term and 19 preterm) whether the B:A ratio is a reliable predictor of bilirubin-

albumin binding by mathematical analyses of the relationship of the B:A ratio to the unbound bilirubin concentration 

in jaundiced newborns. He found the B:A ratio to be an reliable surrogate for the unbound bilirubin concentration 

(Alhfors 1994). He concluded that the B:A ratio is a simple nonambiguous way of incorporating the serum albumin 

concentration into exchange transfusion criteria.  

Watchko and Maisels reviewed the pathophysiology, neurodevelopmental outcome and treatment of jaundice in 

low birth weight infants (Watchko 2003 and Maisels 2003). The authors discussed the lack of legitimate evidence in 

the treatment of hyperbilirubinemia in preterm infants and summarized the role of albumin binding and B:A ratio.  

Although no contemporay long term studies relating unbound bilirubin or B:A ratio to developmental outcome are 

available, the authors support the use of the B:A ratio together with, but not in lieu of, the TSB level as an additional 

factor in determining the need for exchange transfusion.  

Bhutani et al. described six case studies of preterm infants who developed kernicterus (Bhutani 2004). They 

conclude that the remergence of kernicterus in preterm infants is a matter of concern. They suggest that in the 

absence of commercial assays for unbound bilirubin or albumin binding reserve, in the mean time, the B:A ratio 

offers the clinician a reasonable measure of bilirubin binding to albumin in the management of hyperbilirubinemia.       

Bhutani and Johnson discussed the need for accurate and precise bilirubin measurements to prevent kernicterus and 

BIND (Bhutani 2004). The care of the vulnerable sick and preterm infant could be optimized by better techniques to 

assess the neurotoxic potential of bilirubin.  The authors express that measures of bilirubin-binding reserve to 

albumin and the B:A ratio can be used in the evaluation of preterm infants with hyperbilirubinemia.   

 

 

Discussion 

We found in our review of the literature no evidence from prospective clinical trials that the use of B:A ratios in the 

management of hyperbilirubinemia reduces long term bilirubin related neurotoxicity. However, it must be 

recognised that circumstantial evidence illustrates that the additional use of the B:A ratio in the management of 

hyperbilirubinemia may have beneficial effects in the prevention of BIND in preterm infants.  

 

Recently, several reviews have discussed the role of the bilirubin-albumin binding in the pathophysiology of bilirubin 

induced neurotoxicity in preterm infants (Ahlfors 2004, Maisels 2003, Kaplan 2005).  

 

Jaundice in newborns result from an increased bilirubin pool due to increased bilirubin production in relation to a 

relatively low bilirubin elimination. When the bilirubin load exceed the binding capacity of albumin, free bilirubin 

levels rise. The free bilirubin portion is related to the TSB, and inversely proportional to albumin and its intrinsic 

ability to bind bilirubine (K). Therefore, the free bilirubin level helps interpret the risk of bilirubin toxicity at a given 

TSB.  Free bilirubin can cross the blood brain barrier and enter the brain. In vitro - and animal studies have shown the 



Protocol number ABR 14881  Reducing BIND in preterm infants 

 

Version 3, October 2008   METc 2006/261 79

neurotoxic potential of free unconjugated bilirubin. These studies have recently been reviewed by Ostrow 2003 and 

Tiribelli 2005.    

Preterm infants are more prone to bilirubin neurotoxity because of increased bilirubin load, slower elimination and 

higher susceptibility. Hyperbilirubinemia in preterm infants is more pronounced due to a higher bilirubin production 

and lower bilirubin exretion, as a result of immaturity of neonatal red cells, hepatic enzymatic conjugation system, 

hepatobiliary extrection and gastrointestinal sytem. Furthermore, the potential neurotoxic effects of 

hyperbilirubinemia is increased in preterm infants due to higher accessability of bilirubin to the brain and more 

pronounced susceptability of the preterm brain to bilirubin. Nevertheless, several neurodevelopmental follow up 

studies have shown conflicting results regarding the association between peak TSB levels and later adverse outcome 

in preterm infants (Watchko 2003).  Furthermore, preterm infants have lower serum albumin levels. Therefore, 

bilirubin binding capacity will be decreased and free bilirubin levels increased. Free bilirubin levels are more closely 

related to short term (ABR maturation abnormalities) and long term outcomes (kernicterus) than TSB (Amin 2001 

and Cashore 1980). Nevertheless, there are no studies evaluating the effect of using free bilirubin measurements in 

the management of hyperbilirubinemia. The lack of these studies is due to the fact that routine clinical labatory 

measurements of free bilirubin are not generally available. Therefore, the bilirubin:albumin ratio has been used as an 

surrogate. 

 

Ahlfors (1994) showed that the B:A ratio correlates with measured free bilirubin levels in newborns, indicating that 

B:A ratio’s might be helpfull in predicting neurotoxicity. In retrospective blood sample analyses of preterm infants 

who died with or without kernicterus, free bilirubin levels and B:A ratio’s tend to have a better correlation with 

kernicterus than the TSB level did (Kim 1980 and Cashore 1982).  

Technological advances in research tools such as magnetic resonance imaging (MRI) and auditory brainstem evoked 

response (ABR) have been used for objective assessments of bilirubin induced neurotoxicity (Shapiro 2003). 

Govaert showed that typical subtle MRI abnormalties in preterm infants with clinical signs of kernicterus were 

related to high B:A ratio;s, but not with peak TSB levels (Govaert 2003).  The ABR is an objective tool in the 

evaluation of bilirubin toxicity in term and preterm infants, as has been recently reviewed by Amin 2004 and Shapiro 

2005. Amin et al 2001 showed in a prospective cohort study in preterm infants that free bilirubine and the B:A ratio 

are more closely related  than TSB with transient ABR abnormalities. Although this study was not an interventional 

trial, it suggests that bilirubin is potentially neurotoxic at lower levels in preterm infants, that this effect can be 

transient, and that B:A ratio’s (after free bilirubin) could better than TSB in monitoring preterm infants in the 

prevention of potential bilirubin toxicity. This study did not assess neurodevelopmental follow-up, yet.  

Scheidt et al did study the association between B:A ratio and neurodevelopmental follow up. In their retrospective 

analyses of the control subgroup of preterm infants who did not receive phototherapy in the NICHD phototherapy 

study,  a near-significant correlation between B:A ratio and neurodevelopmental outcome at 6 years of age was 

found.  

Despite the lack of evidence from randomised controlled trial several experts in the field of bilirubin research and 

advisory committee’s advocate the use of B:A ratio’s in term infants with high bilirubin levels close to the exchange 
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criteria or in the treatment of hyperbilirubinemia in preterm infants (Ahlfors 1994, Maisels 2003, Watchko 2003, 

Blackmon 2003,  Bhutani 2004 2x).     

    

Conclusions 

There is no evidence from prospective clinical trials that the use of B:A ratio’s in the management of 

hyperbilirubinemia reduces BIND including neurodevelopmental delay. However, there is circumstantial evidence 

that the additional use of B:A ratio may be able to prevent BIND in preterm infants. Therefore, along with the opinion 

of several experts in the field of bilirubin research the reviewers conclude that the additional use of the B:A ratio may 

have benificial effects in the prevention of BIND in the management of hyperbilirubinemia in preterm infants. 

Further prospective clinical studies are needed to elucidate this potential effect. 
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