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Introduction 

The studies described in this thesis were conducted to try to reduce the 
incidence of hyperbilirubinemia in newborn infants in Indonesia. Studies 
from Low/Middle Income Countries (LMICs) including Indonesia found a 
higher incidence of hyperbilirubinemia in these countries compared to High 
Income Countries (1). The aim of the studies described in this thesis is to 
identify potential causes for this higher incidence and to provide potential 
ways to reduce the incidence.

It is acknowledged that in this thesis no study is done that shows 
that hyperbilirubinemia is higher in Indonesia compared to for instance 
the Netherlands. This project was started with a registry of cases with 
hyperbilirubinemia in Indonesia. Unfortunately, there was no support from 
the Pediatric Community in Indonesia to participate in this registry. Despite 
many efforts, there was an almost complete lack of interest of pediatricians 
and other health care workers to participate in this registry. Why 
pediatricians did not collaborate is not clear. It might be that pediatricians 
feel not secure enough to show their data. There is not a strong tradition 
in Indonesia to conduct research, and not at all to conduct a multicenter 
study. The supposition that hyperbilirubinemia in Indonesia is seen more 
frequent than in developed countries therefore is based on studies published 
in literature (1).

Knowledge and adherence on the hyperbilirubinemia
management  

In chapters 2 and 3 data are shown on adherence of pediatricians and other 
health care workers to existing guidelines for the diagnosis and treatment 
of hyperbilirubinemia. That the adherence is rather low among midwives, 
general practitioners, and pediatricians (4). In chapter 3 it is shown that 
residents in pediatrics also do not always follow the existing guidelines. 
Studies conducted in other countries also found that pediatricians not always 
follow accepted guidelines. Atkinson et al (2) found that in the USA only 54% 
of infants who received phototherapy in agreement with the AAP guidelines. 
This is consistent with Tartaglia’s and our studies (3,4). Tartaglia’s showed 
that campaigns to improve the adherence to guidelines are effective, for 
example one aimed at increasing the awareness of the AAP guideline in the 
Children’s Hospital in Columbus, USA (3).  The compliance score increased 
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from 60% before an intervention to 90% thereafter. Darling et al investigated 
the implementation of new guidelines made by the Canadian Pediatric 
Society in 100 hospitals in Canada. Seventy-nine of these hospitals indicated 
to have implemented these guidelines. However, only 70% of these hospitals 
implemented measuring the bilirubin level before discharge, although this 
is recommended in the guidelines. 

We found in the first questionnaire that only 54% of midwives and 
46% of general practitioners followed the guidelines. The study done before 
and after the introduction of a new national guideline (5) and a web-based 
app (6) showed that before the introduction only 38% of infants received the 
correct treatment, phototherapy when indicated according to the guidelines 
and no therapy when there was no indication. After the introduction of the 
new guideline and the app the percentage of correct treatment increased 
to 51%, forty-nine percent of infants did not receive PT while this was 
indicated, received PT while this was not indicated or received PT although 
the bilirubin level was not measured (Chapter 4). The question therefore is 
why pediatricians in Indonesia often do not follow guidelines. Pediatricians 
in Indonesia seem not to be familiar with using guidelines in their daily 
practice. Another explanation might be the difficulties in obtaining 
bilirubin measurements. When it is difficult to measure the bilirubin levels, 
pediatricians might want to be on the safe side and give PT also when this 
is not indicated according to the guidelines. This might explain why 28% of 
infants received PT while this was not indicated according to the guideline. 
More studies are needed to understand why pediatricians in Indonesia seem 
not very motivated to follow guidelines. These studies are also important 
when more, guidelines on other diseases than hyperbilirubinemia, are 
introduced.

Validating minimal invasive devices for hyperbilirubinemia
diagnosis in Indonesia  

As mentioned above is correct, non-invasive measurement of the serum 
bilirubin level very important to prevent hyperbilirubinemia. In chapter 
five we evaluated two bed-side methods, the Transcutaneous measured 
Bilirubin (TcB) and a point of care method, the Bilistick® (BS) and compared 
these to the gold standard, the measurement of total bilirubin in serum. 
(TSB). The TcB showed a good correlation with the TSB, however with an 
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overestimation of (± SD) of 26 (± 30) μmol/L with a 95% CI of 21 to 32 
μmol/L. Negative aspects of the TcB are the costs of these apparatus and 
the need for daily calibration. The BS has an almost equal correlation with 
the TSB, but we observed ten outliers, including four severe outliers in a 
range where PT was indicated. A study done in Thailand also found that 
the Bilistick® gave unpredictable false readings in high humidity for 67 
cases out of 84 subjects with error readings (7). As long as these problems 
are not solved, is the use of the Bilistick® not recommended as single 
measurement for hyperbilirubinemia. For now, is in our opinion, the TcB 
is the preferred method, despite the costs. However, when cases of sequela 
due to hyperbilirubinemia are prevented by using the TcB, the costs for the 
treatment and care for a child with a severe handicap will be saved. The care 
of a child with a severe handicap for the society might be as high as 50.000 
USD only for cochlear implant. A good cost/benefit study on the use of TcB 
units across Indonesia is urgently needed (8,9). 

Improving practice phototherapy in Indonesia  

A cornerstone in the prevention and treatment of hyperbilirubinemia is 
the use of phototherapy (PT). PT can be given by blue light bulbs or LED 
systems. Studies in the Netherlands and elsewhere have shown a decreasing 
irradiation output with the time the lamp was on (10). To prevent inadequate 
output of these lamps it is needed to measure the output. Systems to 
measure the output are presently not available in Indonesia. In chapter 
six we described that almost 50% of systems used in the hospitals we 
visited, had an output under the accepted minimum level. The use of PT 
units with insufficient output might be a reason for the high incidence of 
hyperbilirubinemia in Indonesia. PT units must be checked regularly to be 
sure about the output of the PT system. The costs of systems to measure 
the output of PT systems are rather high. We therefore suggest that each 
central/teaching hospital is equipped with one of these devices and that 
these hospitals are responsible also for the PT systems in the hospitals 
in their area. In this way it is not necessary that irradiation measurement 
systems are bought by all hospitals, while at the same time the incidence 
of severe hyperbilirubinemia can be reduced because the output of the PT 
device is guaranteed. 
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The risk to develop bilirubin levels that require intervention are 
higher for preterm then term infants (11). In guidelines like that of the AAP 
it is advised to measure the bilirubin level in preterm infants daily after birth 
(12). This however might be difficult in countries with limited resources 
(13). In chapter seven, we therefore studied if the bilirubin level measured 
at 24 hours after birth can predict the risk to develop bilirubin levels that 
need intervention. We found that a bilirubin level of 4.5 mg/dl in infants of 
1000-1499 and 5.8 mg/dl in infants 1500-1999 g measured at 24 hrs after 
birth were predictive for the need for PT. Unfortunately, we could not find 
other studies in preterm infants where the bilirubin level at 24 hours was 
used to identify infants at risk to develop hyperbilirubinemia. More studies 
therefore are needed to confirm our findings. 

Finally, we -again- propose a national registry of patients with 
hyperbilirubinemia. It is very important to know the present incidence of 
this preventable disease in Indonesia. A registry is also needed to evaluate 
the efficacy of measures to reduce the incidence of hyperbilirubinemia, as 
suggested in this thesis, are introduced and are effective.

In conclusion, in this thesis we identified factors that might be related 
to the high incidence of hyperbilirubinemia in Indonesia, 1. non-adherence 
to guidelines, problems with measuring bed-side the bilirubin level and 3. 
insufficient output of PT units. As solutions we designed and introduced a 
new national guideline, and we developed a web-based app (chapter four) to 
assist the practitioners to adhere to the guidelines. We identified and advised 
which non-invasive bilirubin method is most suitable for Indonesia and how 
the output of PT units can be secured.
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