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ABSTRACT
Introduction Severe neonatal hyperbilirubinaemia can 
place a neonate at risk for acute bilirubin encephalopathy 
and kernicterus spectrum disorder. Early diagnosis is 
essential to prevent these deleterious sequelae. Currently, 
screening by visual inspection followed by laboratory- 
based bilirubin (LBB) quantification is used to identify 
hyperbilirubinaemia in neonates cared for at home in the 
Netherlands. However, the reliability of visual inspection is 
limited. We aim to evaluate the effectiveness of universal 
transcutaneous bilirubin (TcB) screening as compared 
with visual inspection to: (1) increase the detection of 
hyperbilirubinaemia necessitating treatment, and (2) 
reduce the need for heel pricks to quantify bilirubin levels. 
In parallel, we will evaluate a smartphone app (Picterus), 
and a point- of- care device for quantifying total bilirubin 
(Bilistick) as compared with LBB.
Methods and analysis We will undertake a multicentre 
prospective cohort study in nine midwifery practices 
across the Netherlands. Neonates born at a gestational age 
of 35 weeks or more are eligible if they: (1) are at home 
at any time between days 2 and 8 of life; (2) have their 
first midwife visit prior to postnatal day 6 and (3) did not 
previously receive phototherapy. TcB and the Picterus app 
will be used after visual inspection. When LBB is deemed 
necessary based on visual inspection and/or TcB reading, 
Bilistick will be used in parallel. The coprimary endpoints 
of the study are: (1) hyperbilirubinaemia necessitating 
treatment; (2) the number of heel pricks performed to 
quantify LBB. We aim to include 2310 neonates in a 2- year 
period. Using a decision tree model, a cost- effectiveness 
analysis will be performed.
Ethics and dissemination This study has been approved 
by the Medical Research Ethical Committee of the Erasmus 
MC Rotterdam, Netherlands (MEC- 2020- 0618). Parents 
will provide written informed consent. The results of this 
study will be published in peer- reviewed journals.
Trial registration number Dutch Trial Register (NL9545).

INTRODUCTION
Neonatal jaundice, caused by elevated levels 
of unconjugated bilirubin, is a common 
phenomenon during the first few days of life. 

This unconjugated hyperbilirubinaemia is 
generally transient and considered benign. 
However, when very high bilirubin levels 
are left untreated, non- protein bound bili-
rubin may pass the blood–brain barrier and 
damage the neonate’s developing brain. 
Hence, severe neonatal hyperbilirubinaemia 
may result in acute bilirubin encephalopathy. 
Neonates with acute bilirubin encephalop-
athy urgently require treatment as they are 
prone to develop a chronic phase with irre-
versible brain damage, known as kernicterus 
spectrum disorder.1 Kernicterus spectrum 
disorder consists of a variety of severe patho-
logic conditions including motor, cogni-
tive and auditory disorders with life- long 
sequelae.2 3 Phototherapy is often successful 
in reducing bilirubin to non- hazardous levels, 
and may also revert early stages of acute bili-
rubin encephalopathy.4 When phototherapy 
is unsuccessful in treating severe neonatal 
hyperbilirubinaemia, one or more exchange 
transfusions are necessary to lower circulating 
bilirubin levels. However, exchange transfu-
sions are invasive, high- risk procedures that 
should be avoided if possible. Thus, timely 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study is the first prospective multicentre co-
hort study to assess the diagnostic accuracy, user 
convenience and (cost- )effectiveness of universal 
transcutaneous bilirubin screening in neonates 
cared for at home.

 ⇒ In parallel, we evaluate a novel smartphone app 
(Picterus) providing an optical bilirubin estimate, and 
a recently developed point- of- care device (Bilistick) 
for measurement of measure whole blood bilirubin.

 ⇒ A limitation is that the study is observational and 
not blinded.

by copyright.
 on N

ovem
ber 29, 2022 at U

niversity of G
roningen. P

rotected
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061897 on 17 N

ovem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-0912-546X
http://orcid.org/0000-0002-9406-793X
http://orcid.org/0000-0002-6629-318X
http://orcid.org/0000-0002-4907-6466
http://dx.doi.org/10.1136/bmjopen-2022-061897
http://dx.doi.org/10.1136/bmjopen-2022-061897
http://dx.doi.org/10.1136/bmjopen-2022-061897
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-061897&domain=pdf&date_stamp=2022-10-17
http://bmjopen.bmj.com/


2 Westenberg LEH, et al. BMJ Open 2022;12:e061897. doi:10.1136/bmjopen-2022-061897

Open access 

recognition of neonates with imminent severe hyperbil-
irubinaemia is essential.

In the Netherlands, the majority of neonates born at a 
gestational age of 35 weeks or more are eventually cared 
for at home, irrespective of the place of birth.5 Daily post-
partum care at home is provided by maternity care assis-
tants during the first week after birth, who are supervised 
by community midwives. The community midwife visits 
mother and neonate at home usually at least three times 
in the first week after birth.6 As per the current multidis-
ciplinary Dutch national guideline for identification and 
treatment of neonatal jaundice, visual inspection is used 
as first- line screening in neonates cared for at home.7 If 
potentially severe hyperbilirubinaemia is suspected based 
on visual inspection, the community midwife may decide 
to have bilirubin levels checked in the neonate’s blood, 
taken by the midwife or a specialised laboratory home 
service. Based on this laboratory- based bilirubin (LBB) 
level, the need for treatment of hyperbilirubinaemia 
is assessed using the nomogram of the Dutch national 
guideline, adapted from the American Academy of Pedi-
atrics 2004 guideline.6 7 If the LBB level indicates the 
need for treatment, this is usually applied in- hospital.

Several studies have shown that visual inspection is 
not a reliable screening tool for neonatal hyperbiliru-
binaemia.8 9 In a significant proportion of neonates 
admitted from home with severe hyperbilirubinaemia 
and/or acute bilirubin encephalopathy, neonatal jaun-
dice either went unnoticed or was misclassified by 
maternity care assistants, midwives and/or parents.9–11 
Moreover, neonatal hyperbilirubinaemia is one of the 
most common indications for hospital (re)admission in 
the neonatal period.4 Hence, there is an urgent need for 
more effective approaches towards timely recognition of 
clinically relevant jaundice in neonates cared for at home.

Hospital- based screening programmes have been shown 
to be effective in preventing severe hyperbilirubinaemia 
via timely quantification of LBB or transcutaneous bili-
rubin (TcB).12 13 A Dutch randomised controlled trial in 
the hospital setting showed that selective TcB screening 
(ie, when visually jaundiced) reduced the need for 
heel pricks to quantify LBB by 38% as compared with 
only visual assessment.14 The effectiveness of universal 
TcB screening compared with only visual inspection in 
preventing severe hyperbilirubinaemia is currently being 
investigated in the STARSHIP trial in seven Dutch primary 

Figure 1 Flowchart of individual participant care. LBB, laboratory- based bilirubin; TcB, transcutaneous bilirubin. Picterus 
reading will be blinded. *Threshold according to national nomogram.7
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care birth centres.15 The BEAT Jaundice @home study 
extends this work by focusing on screening and diagnosis 
of neonatal hyperbilirubinaemia in the home setting, and 
adding additional screening (ie, Picterus) and diagnostic 
(ie, Bilistick) tools in an attempt to improve early recog-
nition and diagnosis of potentially severe neonatal hyper-
bilirubinaemia. Picterus is a smartphone application that 
provides a bilirubin reading based on photographs of 
the neonate’s skin overlying the sternum, and Bilistick 
is a point- of- care (POC) test for total bilirubin in whole 
blood.16–18

In this prospective study, our main aim is to evaluate 
the effectiveness of universal TcB screening in neonates 
cared for at home to increase the timely detection of 
hyperbilirubinaemia necessitating treatment while 
reducing the need for heel pricks to quantify bilirubin 
levels in blood. Using a decision tree model, an addi-
tional cost- effectiveness analysis (CEA) will be performed. 
In parallel, we will evaluate the diagnostic accuracy, user 
convenience and (cost- )effectiveness of the Picterus app 
and Bilistick in the same population.

METHODS AND ANALYSIS
Study design and setting
We will conduct a prospective multicentre cohort study in 
nine community midwifery practices across two regions 
in the Netherlands. Three approaches for screening (ie, 
TcB and Picterus) and diagnosis (ie, Bilistick) of neonatal 
hyperbilirubinaemia in the home setting will be evalu-
ated in parallel with standard care (ie, visual inspection 

followed by LBB quantification in case of jaundice). The 
study inclusions have started in July 2021, with an antici-
pated inclusion period of 2 years.

Participant eligibility
Neonates are considered eligible for inclusion if they: 
(1) are born at a gestational age of 35 weeks or more, 
(2) are at home at any time between days 2 and 8 of life 
and (3) have their first midwife visit at home prior to 
postnatal day 6. Neonates are excluded if they: (1) previ-
ously received phototherapy, or (2) have parents who are 
unable to understand the patient information sheet due 
to insufficient understanding of the Dutch language.

Recruitment
Participants will be recruited in the community midwifery 
practices by the midwives. Parents will be informed about 
the study at the regular antenatal care by the commu-
nity midwife and/or on the first midwife visit following 
delivery. Written parental informed consent is obtained 
by the community midwife during the first postnatal visit 
at home.

Interventions
We will evaluate three universal screening tools in parallel: 
(1) visual inspection (standard care); (2) TcB (Draeger 
JM- 105, Lübeck, Germany) and (3) a smartphone- based 
mobile health application (Picterus app, Trondheim, 
Norway). TcB and Picterus app will be applied in all 
included neonates directly following visual inspection 
(standard care) during each midwife home visits in the 

Figure 2 Customised TcB nomogram.7 15 TcB, transcutaneous bilirubin.
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following order: (1) visual inspection, (2) TcB and (3) 
Picterus app. The Picterus app is a novel screening tool 
for neonatal hyperbilirubinemia, and may be a cheaper 
alternative to the TcB tool depending on its performance. 
Moreover, we will evaluate two diagnostic tools: (1) LBB 
quantification (standard care) and (2) a hand- held POC 
device for quantifying total bilirubin in whole blood (Bili-
stick, Trieste, Italy). Bilistick will only be used when LBB 
quantification is indicated by the presence of visual jaun-
dice and/or an elevated TcB reading. Its place is distinct 
from that of Picterus, which is a screening tool, whereas 
Bilistick is evaluated as a diagnostic tool. Figure 1 displays 
a flow chart with an overview of the timeline per partic-
ipant. During each midwife visit, this participant flow is 
followed, except when treatment for neonatal hyperbili-
rubinaemia is started.

Transcutaneous bilirubinometer (TcB screening)
Draeger JM- 105 is a CE certified, transcutaneous bilirubi-
nometer and will be applied at every midwife visit at home. 
Three measurements will be taken on the neonate’s 
sternum. The highest of the three TcB readings will be 
plotted on a customised version of the Dutch bilirubin 
nomogram (figure 2). The original nomogram (figure 3) 
consists of three different curves indicating the need 
for phototherapy based on LBB level, postnatal age and 
a set of risk factors for hyperbilirubinaemia and neuro-
toxicity.7 If the TcB reading is above the phototherapy 
threshold or higher than the phototherapy threshold 
minus 50 µmol/L, blood will be taken to quantify LBB. 
This adaptation is needed to account for the inaccuracy 
of TcB measurements of up to 50 µmol/L as compared 
with LBB.19 As such, the original TSB- based treatment 
nomogram was customised by uniformly lowering the 

LBB thresholds by 50 µmol/L, resulting in so- called TcB 
nomograms. In the context of our study, it is thus recom-
mended to have LBB quantified whenever a TcB reading 
is higher than the corresponding TcB level on this TcB 
nomogram.7 15 20 Participating midwives have experience 
in using the original LBB nomograms in everyday prac-
tice in the Netherlands and will be trained to use the 
customised TcB nomograms.

Smartphone-based mobile health application (Picterus app)
The Picterus reading involves three components: (1) 
Samsung S7 smartphone with the Picterus app, (2) a 
unique colour calibration card and (3) the Picterus server. 
A Picterus reading will also be taken at each midwife visit 
at home. For this purpose, the colour calibration card 
is placed on the neonate’s sternum and a collection of 
six photographs (three with and three without flash) is 
automatically taken of the card on the sternum. Only the 
colour calibration card and a small part of the skin of the 
neonate’s sternum will be visible on the photographs.17 
The role of the colour calibration card is to have a fixed 
colour reference for the digital images and to calibrate 
the images from variations in illumination and optical 
variations between different smartphones. Images taken 
with the Picterus app are sent to the Picterus server, 
checked for quality and colour calibrated. Thereafter, 
a bilirubin level estimation will be provided based on a 
large database of simulated colours of neonate’s skin. The 
simulation with the best matching colour will be automat-
ically identified through an algorithm. Bilirubin estimates 
are calculated for each image and an average value of the 
six images is calculated to get a final result. The Picterus 
app is currently under development and is expected 
to be CE certified and become commercially available 

Figure 3 Bilirubin nomogram.7 15 ET, exchange transfusion; PT, phototherapy; TSB, total serum bilirubin.

by copyright.
 on N

ovem
ber 29, 2022 at U

niversity of G
roningen. P

rotected
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061897 on 17 N

ovem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Westenberg LEH, et al. BMJ Open 2022;12:e061897. doi:10.1136/bmjopen-2022-061897

Open access

in 2021. One clinical study has been published so far, 
mainly in neonates with lighter skin types.17 This study 
will be the first to evaluate Picterus in the home setting. 
To avoid treatment decisions being made based on the 
Picterus reading, community midwives will be blinded to 
its reading. Picterus diagnostic accuracy and user conve-
nience will be analysed and determined in retrospect on 
finalisation of the project.

Hand-held point-of-care device for quantifying total bilirubin in 
whole blood (Bilistick)
Bilistick is a CE certified POC test for total bilirubin 
quantification in 35 µL of whole blood that has recently 
become commercially available. The Bilistick will be 
used by the community midwife in neonates requiring 
bilirubin quantification in blood, as indicated by visual 
inspection and/or elevated TcB reading (see figure 1). 
First, approximately 500 µL blood will be taken and sent 
to a nearby laboratory for LBB quantification according 
to standard practice. Second, 35 µL (ie, one or two drops) 
of blood from the same heel prick is used to additionally 
quantify total bilirubin in whole blood using the Bilistick 
device.16 21 The result of the conventional LBB quantifi-
cation will be used to determine the need for treatment, 
according to the current guidelines. From a safety point 
of view however, if the Bilistick bilirubin level—which will 
be available earlier than the LBB—exceeds the exchange 
transfusion threshold, the neonate will immediately be 
referred to a paediatrician at a nearby hospital pending 
the LBB result, in order to avoid delay in instituting 
treatment. No other decisions will be made based on the 
Bilistick reading. Bilistick might facilitate earlier treat-
ment initiation. The device provides results rapidly and 
requires a smaller blood volume as compared with LBB.

Outcome measures
Primary outcome
The primary objective is to evaluate the effectiveness 
of universal TcB screening to increase the detection of 
neonates with hyperbilirubinaemia necessitating treat-
ment compared with visual inspection, and at the same 
time decrease the number of heel pricks performed to 
quantify total bilirubin in blood, if TcB would replace 
visual inspection as a screening method. As such, there 
are two primary endpoints assessed at each time point 
for each neonate: (1) having a LBB above the treatment 
threshold, and (2) requiring a heel prick to determine 
LBB.

Secondary outcomes
Secondary outcomes are described in table 1 and mainly 
relate to diagnostic accuracy parameters of the applied 
methods.

Study procedures
Community midwives visit the new family a number of 
times (usually three times) at home during the first week 
after delivery. The frequency of these home visits can also 
depend on the advice of the maternity care assistants.6 

At each visit, the midwife will, according to usual prac-
tice, first assess and record whether or not the neonate 
is visually jaundiced. The duration of jaundice evalua-
tion depends on the last home visit made by the midwife 
(which can be beyond day 8). Accordingly, the midwife 
will decide based on the visual inspection whether LBB 
quantification in blood is required. Within the current 
project, the midwife will subsequently quantify TcB, and 
apply the Picterus app in every participant. LBB quanti-
fication is then performed in any neonate who is either 
visually jaundiced, has a TcB above the threshold, or 
both. When blood is taken to quantify LBB, total bili-
rubin is also measured using the Bilistick. Importantly, 

Table 1 Secondary outcomes

Secondary outcomes

Assessed in Outcomes

All 
participating 
neonates

Diagnostic accuracy of TcB:
Correlation between TcB and LBB
Bland- Altman plots of TcB vs LBB
(including mean difference with SD and 95% CI of limits of 
agreement)

Diagnostic accuracy of Picterus:
Correlation between Picterus and LBB
The proportion of failed readings using Picterus
Added value of Picterus app compared with only visual 
inspection in picking up neonates with hyperbilirubinaemia 
requiring treatment, while reducing the need for heel pricks to 
quantify bilirubin in blood
Bland- Altman plots of Picterus vs LBB
(including mean difference with SD and 95% CI of limits of 
agreement)
Picterus vs TcB
Correlation between Picterus and TcB

Bland- Altman plots of Picterus vs TcB
(including mean difference with SD and 95% CI of limits of 
agreement)
Number of true positives
Number of true negatives
Number of false positives
Number of false negatives
Sensitivity
Specificity
Positive predictive value
Negative predictive value

Neonates 
requiring 
LBB

Diagnostic accuracy of BilistickCorrelation between Bilistick 
and LBB
Bland- Altman plots of Bilistick vs LBB (including mean 
difference with SD and 95% CI of limits of agreement)
Number of true positives
Number of true negatives
Number of false negatives
Number of false positives
Sensitivity
Specificity
Positive predictive value
Negative predictive value
The proportion of failed readings using Bilistick
Difference in time- to- test result between LBB and Bilistick (in 
min).

All 
participating 
neonates

Proportion of neonates having an LBB level above the 
phototherapy threshold
Proportion of neonates who actually received phototherapy
Proportion of neonates having an LBB level above the 
exchange transfusion threshold
Proportion of neonates who actually received an exchange 
transfusion
Potential cost- effectiveness of implementation of the novel 
methods in daily practice

LBB, laboratory- based bilirubin; TcB, transcutaneous bilirubin.
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the midwife may never revert her initial decision to have 
LBB quantified in a visually jaundiced neonate based 
on a ‘negative’ TcB reading (ie, TcB reading below the 
threshold) to ensure safety of the participants, which is in 
accordance with the current Dutch guidelines.7

Midwives of all participating practices will be trained 
in the study procedures, data collection and use of the 
Draeger JM- 105, the Picterus app, and the Bilistick device 
prior to the start of the inclusion to ensure safety and 
adequate use. The researchers will be available 24/7 by 
phone to address any issues that the midwives may come 
across while performing study procedures.

Data collection
Data collection will be performed digitally by the commu-
nity midwives. After written informed consent has been 
given by the parent(s), every neonate will receive an 
coded study number. The community midwife will fill in 
the first standardised case report form (CRF) containing 
the baseline characteristics of neonate and parent(s) 
(table 2). Subsequently, the community midwife will 
record multiple measurements during each home visit. 
These are displayed in table 3. Again, all the data will be 
reported in a standardised CRF. Only the study team, 
study monitor and national authorities will have access 
to the data set. Depending on the last home visit, the 
community midwife will fill out a final CRF, which will 
include information on several outcomes (displayed 
in table 4). In the event of hospital admission, relevant 
hospital data will be extracted from the electronic patient 
record by the study team.

Study size
For the sample size calculation, we estimated the propor-
tion of participants at each assessment time point in four 
groups based on the combination of visual inspection 
and TcB quantification. The four groups are as follows: 
(A) no significant jaundice on visual inspection, and 
TcB below threshold; (B) significant jaundice on visual 
inspection, but TcB below threshold; (C) no significant 
jaundice on visual inspection, but TcB equal to or higher 
than threshold and (D) significant jaundice on visual 

Table 2 Baseline characteristics

Baseline characteristics

Characteristics 
of (biologic) 
parents

Ethnicity (Caucasian, Asian, North African, African, 
Latin American, Hindu, Turkish, mixed)*26

Fitzpatrick Scale (I, II, III, IV, V or VI)*34

Maternal blood group
Maternal rhesus factor

Characteristics 
of pregnancy 
and birth

Gestational age at birth (weeks, days)
Parity
Gravidity
Type of delivery (vaginal, caesarean section and 
instrumental)
Presence of irregular antibodies during pregnancy
Presence of risk factors for neonatal 
hyperbilirubinaemia (blood group antagonism, presence 
of other haemolytic disease and presence of birth 
asphyxia)
Umbilical cord pH (if known)

Characteristics 
of neonate

Date of birth
Time of birth
Sex
Birth weight (in grams)
Blood group (if known)
Rhesus factor (if known)
Apgar score <5 at 5 min

Characteristics 
of family 
members

Sibling having received phototherapy or exchange 
transfusion for severe neonatal hyperbilirubinaemia
Presence of haemolytic disease

*At discretion of community midwives.

Table 3 Data collection during home visits

Data collection during home visits

Assessed in Collected data items

All 
participating 
neonates

Date and time of screening assessment
Severity of jaundice based on visual inspection at the 
discretion of the community midwife and noted as either pink, 
slightly yellow, yellow (indicating reason for blood prick)
TcB reading: highest of three measurements
Comments/inconveniences TcB assessment
Encrypted code Picterus app reading
Comments/inconveniences Picterus app assessment
Decision made by community midwife—no extra measures 
taken, LBB+Bilistick quantification, contact with paediatrician

Neonates with 
an indication 
for LBB 
quantification

Decision for LBB quantification was based on—visual 
inspection, elevated TcB measurement, visual inspection and 
elevated TcB measurement, other
Date and time of Bilistick measurement
Result Bilistick (in µmol/L)
Comments/inconveniences/haemolytic Bilistick assessment
Person responsible for the blood transportation to the 
laboratory for LBB (partner, family member other than partner/
friend, community midwife, other)
(Hospital) laboratory responsible for the LBB quantification
Date and time LBB quantification result communicated to 
midwife
Result LBB (in µmol/L)

LBB, laboratory- based bilirubin; TcB, transcutaneous bilirubinometry.

Table 4 Follow- up data collection

Follow- up data collection

All 
participating 
neonates

Hospital admission (yes/no)
Reason for hospital admission
Type of feeding of the neonate
More than 10% loss of birth weight within the first week of life 
(yes/no)
Number of (heel) pricks to determine bilirubin levels
Coombs test (if known)

Neonates 
admitted to 
the hospital

Duration of hospitalisation
Indication for hospital admission
Phototherapy treatment (yes/no)
Characteristics of phototherapy (age of neonate at start of 
treatment, duration, number of lamps/blankets and intensity)
Exchange transfusion (yes/no)
Complications due to blood transfusion treatment 
(thrombocytopaenia, hypercalcaemia, other electrolyte 
imbalance and necrotising enterocolitis)
Number of (heel) pricks to determine bilirubin levels
Maximum level of bilirubin measured (if known)
Result MRI cerebrum (if applicable)
Result AABR (if performed)
More than 10% loss of birth weight within the first week of life 
(yes/no)
Proportion of neonates diagnosed with acute bilirubin 
encephalopathy
Proportion of neonates diagnosed with kernicterus spectrum 
disorder

AABR, automated auditory brainstem response.
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inspection, and TcB equal to or higher than threshold 
(figure 1). For this purpose, ‘significant jaundice’ is any 
degree of jaundice considered to be sufficiently severe 
to indicate the need for LBB quantification as per the 
midwife’s assessment. The probability matrix of neonates 
belonging to each of the four groups at various time 
points across the study period is based on published liter-
ature and preliminary data from the STARSHIP trial.15 
We estimated the proportions of neonates falling in each 
of the four groups across the observations as follows: 
A: 83%; B: 10.5%; C: 2% and D: 4.5%.15 These propor-
tions take into account the fact that multiple assessments 
may be performed for individual neonates, and as such, 
a neonate may be categorised in a different group at 
different time points.

To address the primary objective of assessing whether 
universal TcB screening can increase the timely detec-
tion of neonates with hyperbilirubinaemia necessitating 
treatment compared with using only visual inspection, 
and at the same time decrease the number of heel pricks 
performed to quantify total bilirubin in blood, we will test 
the following hypotheses:

(1) whether the absolute number of neonates with 
hyperbilirubinaemia necessitating treatment is higher in 
group C than group B, that is, more neonates with hyper-
bilirubinaemia necessitating treatment are detected with 
TcB screening than with visual inspection; and

(2) whether the absolute number of neonates without 
hyperbilirubinaemia necessitating treatment is higher in 
group B than group C, that is, fewer neonates without 
hyperbilirubinaemia necessitating treatment get a heel 
prick if TcB screening would replace visual inspection as 
the standard screening approach

To test these hypotheses, we will use two McNemar tests, 
conditional on hyperbilirubinaemia necessitating treat-
ment. Assuming a distribution of participants over the 
groups as indicated above, we expect 20% of the neonates 

who test negative on visual inspection and positive on the 
TcB test (ie, those in group C) to require phototherapy. 
Similarly, we expect 0% of the neonates who test positive 
on visual inspection and negative on the TcB test (ie, 
those in group B) to require phototherapy; that is: TcB 
screening can effectively rule out hyperbilirubinaemia 
above the phototherapy threshold among participants 
with visual jaundice. Using a p- value of 0.05, the sample 
size calculation for the exact McNemar test indicates 
that, for the first hypothesis, 38 neonates with hyperbili-
rubinaemia requiring treatment are required to obtain a 
power of 80%.22 With an anticipated event rate of hyper-
bilirubinaemia requiring treatment across all time points 
of 1.8% (20% of group C and 30% of group D combined), 
this would require 2100 neonates in total. The power is 
not affected by the repeated measures per subject since, 
by definition, there will be at most one measurement per 
neonate indicating the requirement for treatment: at this 
point, the neonate will be admitted to hospital and started 
on phototherapy and therefore will no longer contribute 
data points to the study.

For the second hypothesis, each neonate can have 
multiple outcome events (ie, require a heel prick at more 
than one time point). Assuming the distributions over 
the four groups and event rates indicated as above, group 
C is expected to contain 42 neonates (ie, 2% of 2100) 
of which we assume that 80% (ie, n=34) do not require 
phototherapy (figure 4). We would expect that 1.6% 
(34/2100*100=1.6%) of neonates not requiring photo-
therapy would have a negative visual inspection and a 
positive TcB test (group C). Similarly, group B is expected 
to contain 220 neonates (ie, 10.5% of 2100; figure 4). 
We would expect that 10.5% (220/2100×100=10.5%) 
of neonates not requiring phototherapy have a positive 
visual inspection and a negative TcB test (group B).

An analysis without repeated measures would require 
125 neonates to obtain 80% power at a significance level 

Figure 4 Probability matrix distribution of participants. TcB, transcutaneous bilirubin.
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of 0.05. Taking into account the expected median of 
three repeated measures per neonate and an intraclass 
correlation of 0.05, we obtain a variance inflation factor 
(VIF) of

 VIF = 1 + (m − 1)ρ = 1 + (3 − 1) × 0.05 = 2  

leading to a total of 250 neonates who do not necessi-
tate treatment.23 With an event rate of neonates requiring 
phototherapy of 1.8%, this would lead to sample size of 
260 neonates to address the second hypothesis.

We expect a loss to follow- up of maximum 10%. To 
account for this expected loss to follow- up, we aim to 
include 2310 neonates for the first hypothesis.

Statistical analysis
The primary analysis will involve two separate McNemar 
tests, conditional on LBB being above the phototherapy 
threshold or not. These tests will provide p- values for 
testing the following two H0 hypotheses: (1) there is no 
difference in the detection of neonates with hyperbiliru-
binaemia necessitating treatment between TcB screening 
and visual inspection, and (2) there is no difference in 
the number of heel pricks needed to quantify total bili-
rubin in blood if TcB would replace visual inspection as 
standard care.

For the first hypothesis, we test whether, conditional 
on having hyperbilirubinaemia, the probability of a 
‘positive’ TcB test (ie, TcB reading above the threshold) 
is different than that of a ‘positive’ visual inspection (ie, 
visual inspection indicating the need for LBB quantifica-
tion at the discretion of the community midwife). As both 
tests are performed in the same neonate and hence are 
paired, we only need to test whether the probabilities of 
having discordant test results are different: (TcB +, Visual 
−|hyperbilirubinaemia) > P (TcB −, Visual +|hyperbili-
rubinaemia). In which + and – are displayed as positive 
and negative tests, respectively. Similarly, for the second 
hypothesis, we will perform an adjusted McNemar test, 
taking into account the repeated measurements in 
neonates, to test if the probability of having a positive TcB 
test is different than the probability of having a positive 
visual inspection, conditional on not having hyperbiliru-
binaemia: (P (TcB +, Visual −|no hyperbilirubinaemia) < 
P (TcB −, Visual +|no hyperbilirubinaemia).

Sensitivity of the TcB and visual inspection is estimated 
by the proportion of positive tests divided by the number 
of babies requiring phototherapy. Agresti- Coulli 95% CIs 
will be estimated for the sensitivities.24 If, as expected, the 
sensitivity of TcB is indeed 100%, we will use the ‘rule of 
three’ to derive the 95% CI for the first hypothesis.25 To 
quantify the specificity of TcB and visual inspection at the 
population level, we will use generalised estimating equa-
tions models for both tests separately.

Furthermore, we will use 2×2 tables and Bland- Altman 
plots to assess the diagnostic accuracy of each novel 
screening method to obtain a first impression at each 
time point, without taking correlation between repeated 
measurements into account. The primary diagnostic 

comparison will involve TcB versus visual inspection. 
Other relevant diagnostic comparisons are displayed in 
table 1.

We will perform subgroup analyses to determine effec-
tiveness of TcB screening and the diagnostic accuracy of 
the tools across different ethnicities and gestational age 
strata. Ethnicities will be defined according to the guide-
line of the Royal Dutch Organisation of Midwives.26

Cost-effectiveness analysis
Following established methodologies,27–30 a model- based 
CEA will be performed to analyse the cost- effectiveness 
of the three screening and diagnostic tools compared 
with standard care, as described above. A decision tree 
model will be built, because screening for neonatal 
hyperbilirubinaemia can be represented by a relatively 
simple sequence of decisions. The decision tree will be 
constructed such that a hypothetical neonate would 
either receive screening by one of the novel tools or stan-
dard care. The model will consider the accuracy of the 
different screening tools. The analysis will be performed 
from a healthcare perspective, using a time horizon of the 
8–14 day observation period of the study. The probabili-
ties used in the model will be based on the current study.

All relevant healthcare use will be considered in the 
model, including screening for hyperbilirubinaemia by 
TcB and by the Picterus app, total bilirubin quantifica-
tion using Bilistick, LBB testing, frequency of commu-
nity midwife visits (including telephone calls), visits of 
a specialised laboratory home service that performs the 
heel prick (if relevant), transport costs for LBB samples 
to the local laboratory, consultations with a paediatri-
cian, hospital admission days and treatments for hyper-
bilirubinaemia (phototherapy, exchange transfusion). To 
arrive at costs, resources used will be multiplied by inte-
gral cost prices. The effectiveness measure of the CEA will 
be the number of correctly diagnosed cases of hyperbili-
rubinaemia necessitating treatment and the number of 
heel pricks avoided.

For each of the three tools, the mean expected costs 
and effects will be calculated and compared with standard 
care. To this aim, incremental cost- effectiveness ratios will 
be calculated expressed as incremental costs per addi-
tional correctly diagnosed case of hyperbilirubinaemia 
necessitating treatment (regarding TcB and Picterus app) 
or incremental costs per heel prick avoided (regarding 
TcB and, Picterus app). Sensitivity analysis will be carried 
out to assess the robustness of the results to realistic varia-
tions in the levels of the underlying parameter values and 
key assumptions.

Safety
All adverse events reported spontaneously by the parents 
of the participant or observed by the study personnel, 
starting from the first application of the novel approaches 
until 24 hours after the last application of the novel 
approaches, will be recorded. Serious adverse events 
(SAEs) will be reported by the community midwives 
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and communicated to the principal investigator within 
1 week after identification of the event. The principal 
investigator, in collaboration with the study team, will 
record these events and report them to the sponsor and 
Medical Research Ethics Committee of the Erasmus MC 
Rotterdam. The SAEs are defined apriori and commu-
nicated with the study team. SAEs consisted of bilirubin 
levels above exchange transfusion threshold, exchange 
transfusion, disabilities related to severe hyperbiliru-
binaemia, hospital admission or death.

Monitoring will be conducted according to the Guide-
line for Good Clinical Practice by an independent, profes-
sional monitor once a year per community midwifery 
practice.31

Patient and public involvement
The study protocol and procedures were discussed with 
the patient panels of the Regional Consortia Pregnancy 
and Childbirth South- West and North Netherlands. 
Parents and student midwives from the Rotterdam 
University of Applied Sciences were involved to give 
feedback on the study design and recruitment into the 
study. Moreover, the Regional Consortia Pregnancy and 
Childbirth South- West and North Netherlands, multi-
disciplinary organisations that provide a platform for 
healthcare professionals to share and obtain knowledge 
regarding childbirth at the regional level, were actively 
involved in developing the study protocol. Prior to start 
of the inclusion, participating community midwives were 
invited to give feedback and discuss the study protocol 
and procedures thoroughly with the study team. Their 
input is incorporated to optimise study procedures.

Ethics and dissemination
The study has received ethical approval from the 
Medical Research Ethical Committee of the Erasmus MC 
Rotterdam, Netherlands (MEC- 2020- 0618), and was regis-
tered at the Netherlands Trial Register (NL9545; now 
available via the International Clinical Trials Registry Plat-
form). Parents will provide written informed consent. Any 
protocol modifications will be reported to the medical 
research ethics committee and, if relevant, to the partici-
pating community midwifery practices.

Data will be pseudonymised. The identification list 
will only be accessible by the investigators and the study 
monitor. The data provided to Picterus will only be used 
for providing bilirubin level estimates. Data of partici-
pants will not be used for any other purpose (eg, commer-
cial purposes).

The results of this study will be published in peer- 
reviewed journals and presented at national and inter-
national scientific meetings. The results will be reported 
using the guideline for diagnostic studies of the EQUATOR 
Network.32 The statistical code will be published along-
side the manuscript. We intend to provide an anonymised 
version of the study data on reasonable request after publi-
cation. The International Committee of Medical Journal 
Editors guideline will be used to determine authorship.33
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