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ABSTRACT
Objectives To describe characteristics of neonates 
with severe neonatal hyperbilirubinaemia (SNH) and to 
gain more insight in improvable factors that may have 
contributed to the development of SNH.
Design and setting Descriptive study, based on 
national Dutch perinatal audit data on SNH from 2017 
to 2019.
Patients Neonates, born ≥35 weeks of gestation 
and without antenatally known severe blood group 
incompatibility, who developed hyperbilirubinaemia 
above the exchange transfusion threshold.
Main outcome measures Characteristics of neonates 
having SNH and corresponding improvable factors.
Results During the 3- year period, 109 neonates 
met the eligibility criteria. ABO antagonism was the 
most frequent cause (43%). All neonates received 
intensive phototherapy and 30 neonates (28%) 
received an exchange transfusion. Improvable factors 
were mainly related to lack of knowledge, poor 
adherence to the national hyperbilirubinaemia guideline, 
and to incomplete documentation and insufficient 
communication of the a priori hyperbilirubinaemia risk 
assessment among healthcare providers. A priori risk 
assessment, a key recommendation in the national 
hyperbilirubinaemia guideline, was documented in only 
six neonates (6%).
Conclusions SNH remains a serious threat to 
neonatal health in the Netherlands. ABO antagonism 
frequently underlies SNH. Lack of compliance to 
the national guideline including insufficient a priori 
hyperbilirubinaemia risk assessment, and communication 
among healthcare providers are important improvable 
factors. Implementation of universal bilirubin 
screening and better documentation of the risk of 
hyperbilirubinaemia may enhance early recognition of 
potentially dangerous neonatal jaundice.

INTRODUCTION
Severe neonatal hyperbilirubinaemia (SNH) is a 
known adverse outcome of the biological phenom-
enon of elevated unconjugated bilirubin levels during 
the first days after birth. If SNH is left untreated, it 
may result in acute bilirubin encephalopathy (ABE) 
and may ultimately evolve further into kernicterus 
spectrum disorder (KSD).1 Successful implementa-
tion of hyperbilirubinaemia management guidelines 
including universal or selective screening strategies, 
or a priori risk assessment and close follow- up is 
key to reduce SNH.2 3 A systems- based approach, 
such as a perinatal audit, is recommended to facili-
tate guideline implementation and change practice 

to ensure that SNH and imminent KSD are ‘never- 
events’.4 Unfortunately, SNH remains a global 
burden.5 6 In the Netherlands, most neonates with 
SNH are born in a hospital, then discharged early, 
and subsequently readmitted from home (online 
supplemental text box 1).6 The widespread reliance 
on visual jaundice assessment to identify poten-
tial SNH among neonates cared for at home may, 
among other factors, contribute to the persistent 
occurrence of SNH (box 1).

Perinatal audits and hyperbilirubinaemia regis-
tries can be useful tools to improve the quality of 
perinatal care by identifying improvable factors and 
subsequently, formulating improvement actions 
by plan–do–check–act cycles. Results have already 
informed revision of the national guidelines and 
through doing so, will optimise future quality of 
care.7 8 Auditing case histories of neonates with 
SNH may help to identify whether care was given 

What is already known on this topic?

 ► Neonatal hyperbilirubinaemia is a 
physiological phenomenon, but a small 
proportion of neonates may develop severe 
hyperbilirubinaemia.

 ► A priori risk assessment for severe neonatal 
hyperbilirubinaemia is incorporated in 
management guidelines and may reduce the 
risk hereof.

 ► Late recognition of potentially severe 
hyperbilirubinaemia delays treatment, exposing 
neonates unnecessarily to hazardous levels of 
bilirubin.

What this study adds?

 ► Perinatal audit meetings on severe neonatal 
hyperbilirubinaemia identify patient 
characteristics and improvable factors, and 
facilitate corresponding improvement actions.

 ► Key recommendations of the national guideline, 
including a priori risk assessment, were hardly 
adhered to, and this was often not reported as 
improvable factor.

 ► Risk assessment in medical records and 
universal transcutaneous bilirubin screening 
should be incorporated in the national guideline 
to facilitate early recognition of severe neonatal 
hyperbilirubinaemia.
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according to the national hyperbilirubinaemia guideline or not. 
The aim of this study was to gain more insight in improvable 
factors that contributed to SNH. We hypothesised that we would 
learn lessons from perinatal audits to improve diagnosis and 
quality of care for future neonates with imminent SNH.

METHODS
Design
A descriptive study based on the national Perinatal Audit 
Assistant (PAA) database was conducted over a 3- year period 
(2017–2019).

Setting
SNH was one of the preset themes of the nationwide perinatal 
audit from 1 January 2017 until 31 December 2019.9 10 A case 
report is reviewed by the involved healthcare professionals 
during the audit meeting, and improvable factors are identified 
and improvement actions according to the plan–do–check–act 
cycle are initiated (online supplemental text box 2). An improv-
able factor is defined as care that deviates from professional 
requirements of standard care, national guidelines, or local 
protocols and that may negatively influence the outcome.11

Patients
Neonates were eligible for audit meetings on SNH if they:

 ► Were born ≥35 weeks of gestation.
 ► Had SNH, that is, a peak total serum bilirubin (TSB) 

level higher than the exchange transfusion (ET) threshold 
according to postnatal age and risk factors.12

 

Neonates were not eligible for audit meetings on SNH if they:
 ► Had hyperbilirubinaemia caused by antenatally known 

severe blood group incompatibility as defined by the national 
guideline.13

 ► Had a conjugated bilirubin level >10 µmol/L (>0.58 mg/dL) 
or >20% of TSB.

Variables, data collection and statistical analysis
All variables (online supplemental table 1) were retrieved from 
the PAA database and exported to IBM SPSS Statistics (V.25.0.0.1; 
IBM). Characteristics and improvable factors are summarised using 
descriptive statistics. Median and IQR are shown for continuous, 
not normally distributed data. If the postnatal age of peak TSB was 
unknown, we assumed that peak TSB was reached at start of ET or, 
if no ET was performed, at start of phototherapy (PT). Missing data 
are presented in the Results section.

RESULTS
From 2017 to 2019, 507 perinatal audit meetings were 
convened. In total, 115 neonates with SNH were registered. Six 
cases were excluded from further analysis because they did not 
meet eligibility criteria. In total, 109 cases were used for further 
analysis (figure 1).

The total number of live- born neonates with a gestational age 
≥35+0 weeks in the Netherlands during the 3- year study period 
was 475 901.14 Accordingly, the incidence of SNH was 22.9 per 
100 000 live- born neonates with a gestational age of 35 weeks 
or more.

Baseline characteristics
Table 1 shows the baseline characteristics of included neonates: 
44 females and 65 males. Median gestational age was 38 weeks 
and 3 days (IQR 37+5–40+0). Median birth weight was 3300 g 
(IQR 3000–3723). Most neonates were born vaginally and had 
blood group O, Rh D- positive mothers. In seven neonates (6%), 
no maternity care was provided.

A priori risk assessment of hyperbilirubinaemia
Table 2 shows risk factors in neonates with SNH, listed as the 
a priori risk factors for developing SNH in the national guide-
line.15 Approximately half of the neonates had blood group 
antagonism (defined as incompatible blood groups, with or 
without positive direct antiglobulin test), predominantly ABO, 
and most were breast fed. A priori hyperbilirubinaemia risk 
assessment was documented properly in the medical records of 
only six neonates (6%).

Hyperbilirubinaemia characteristics
Visual jaundice was noted for the first time at a median postnatal 
age of 42 hours (IQR 25–66; table 3). Most neonates (76%) 
were (re)admitted from primary care after in- hospital birth and 
early discharge. The majority of neonates (67%) had a peak TSB 
level between 350 and 499 µmol/L. All neonates received inten-
sive PT and 30 neonates (28%) received one or more ETs at a 
median age of 55 hours (IQR 36–96). Nine neonates (9%) with 
peak TSB levels between 466 and 717 µmol/L had symptoms of 
ABE. Out of five neonates with clear symptoms of ABE, four 

Box 1 Jaundice assessment in the Netherlands

The Dutch neonatal hyperbilirubinaemia guideline recommends 
documenting an a priori risk assessment for the development 
of hyperbilirubinaemia in every neonate before discharge 
from the hospital or primary care birth facility.15 This a priori 
risk assessment is based on several risk factors, that is, blood 
group antagonism; other haemolytic diseases; gestational age 
<38 weeks; (cephalic) haematomas; exclusive breast feeding; 
siblings who received phototherapy (PT); large for gestational 
age associated with maternal diabetes and East- Asian descent. 
The complete list of risk factors is freely available on www.
babyzietgeel.nl (in Dutch). Neonates identified with an increased 
risk of developing hyperbilirubinaemia should be monitored 
more closely by all involved healthcare professionals. Hence, it 
is of utmost importance that this risk assessment, one of the 
key recommendations of the national guideline, is documented 
clearly and communicated properly between different healthcare 
professionals. Visual assessment of neonatal jaundice is one 
of the daily checks performed by the maternity care assistant 
(MCA).31 Universal transcutaneous bilirubin or total serum 
bilirubin (TSB) screening is, in contrast to other countries, not 
the current practice in the Netherlands. If an MCA suspects 
hyperbilirubinaemia, the MCA is expected to inform the 
community midwife. The community midwife may decide to 
quantify TSB. A blood sample is then taken by the community 
midwife or a specialised home service, and sent to a laboratory. 
TSB test results are assessed by a laboratory specialist who 
informs the community midwife. If TSB exceeds the PT threshold 
(according to the Dutch nomogram, which is based on those 
of the American Academy of Pediatrics),12 the neonate will be 
admitted to the hospital for treatment after consultation of 
a paediatrician. The Dutch hyperbilirubinaemia management 
guideline contains a flow chart on early recognition of 
hyperbilirubinaemia, including monitoring of high- risk neonates 
(flow chart 1 of the guideline).15
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neonates received an ET. Among the four neonates with mild 
symptoms of ABE, one neonate received an ET. ABO antago-
nism was the most common underlying cause of SNH (43%). 
Another important cause of SNH was dehydration (19%), 
defined as weight loss >7%. Eight (12%) out of 67 neonates 
who received an (automated) auditory brainstem response test 
had an abnormal result. An MRI was performed in 10 neonates, 
of which five (50%) had abnormalities (online supplemental 
table 2). Five term- born neonates (5%) with peak TSB levels 
between 467 and 717 µmol/L had chronic bilirubin enceph-
alopathy. Among the six excluded neonates, none received an 
ET, and MRI or (automated) auditory brainstem response test 
was not performed. Clinical follow- up was performed in three 
neonates out of these six neonates: two were normal and one 
had mild abnormalities. It was unclear whether this was related 
to chronic bilirubin encephalopathy.

Improvable factors
The PAA database included 147 improvable factors related to 
SNH (table 4). In 33 neonates, no improvable factors related to 
SNH were formulated.

In total, 37 improvable factors (25%) were related to commu-
nication, 71 (48%) were related to knowledge deficits, which 
include mainly deviation from the national guideline (n=56).15 
Twenty- three improvable factors (16%) were assessed as related 
to organisation of care.

Improvable factors represent a range of difficulties in observa-
tion and communication by both maternity care assistants (MCAs) 

Figure 1 Flow chart of cases. ET, exchange transfusion; SNH, severe 
neonatal hyperbilirubinaemia; TSB, total serum bilirubin. Flow chart 
made by first author (BAMvdG).

Table 1 Baseline characteristics

Total (n=109)

Gestational age in weeks+days 38+3 (37+5–40+0)

  <36 weeks 1 (1)

  36–36+6 weeks 8 (7)

  ≥37 weeks 100 (92)

Female/male 44/65 (40/60)

Birth weight in grams 3300 (3000–3723)

Place of birth

  Home 9 (8)

  PCBC 10 (9)

  Hospital, under supervision of community midwife 54 (50)

  Hospital, medical indication 35 (32)

  Unknown 1 (1)

Type of delivery

  Vaginal 98 (90)

  Instrumental 8 (7)

  C- section 3 (3)

Mother

  Parity

   Nulliparous 54 (50)

   Multiparous 55 (50)

  ABO blood group O 75 (69)

  Rh D negative 16 (15)

  Caucasian ethnicity 55 (51)

   Unknown 1 (1)

Data are displayed as numbers (percentages) or medians (IQR). Due to rounding of 
percentages, some percentages may add up to 101%.
PCBC, primary care birth centre.

Table 2 A priori risk factors for hyperbilirubinaemia

Total (n=109)

Risk assessment

  Documented 6 (6)

  Not documented 90 (83)

  Unknown 12 (11)

  Missing 1 (1)

Gestational age

  <38 weeks 36 (33)

  ≥38 weeks 73 (67)

  ABO antagonism 47 (43)

  No DAT test performed 2 (2)

Rh disease 3 (3)

Type of feeding

  Breast feeding* 94 (86)

  Exclusive formula feeding 15 (14)

Family history

  Having a multiparous mother and sibling(s) with 
hyperbilirubinaemia necessitating PT

23 (42)

   Unknown 1 (1)

   Missing 1 (1)

LGA after maternal diabetes32 3 (3)

Data are displayed as numbers (percentages). Due to rounding of percentages, 
some percentages may add up to 101%.
*Breast feeding is defined as mothers who intended to give breast feeding. 
Consequently, this group may also include neonates who were fed with a 
combination of breast feeding and formula feeding, or who were temporarily 
formula fed.
DAT, direct antiglobulin test; LGA, large for gestational age (birth weight ≥p90); PT, 
phototherapy.
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and community midwives, for example, severity of jaundice was 
underestimated; no follow- up was provided in severe jaundice; 
neonates were not always assessed by the community midwife if an 
MCA reported severe jaundice; or the MCA did not mention the 
risks of SNH and urgent reasons for parents to ask for help outside 
working hours of the MCA. In 8 out of 23 neonates having visual 
jaundice within 24 hours after birth, this was not communicated to 
the community midwife or the community midwife was not aware 
of the urgent need for TSB quantification.

A priori hyperbilirubinaemia risk assessment was not docu-
mented in 90 neonates (table 2), this was recorded as an improv-
able factor in only 24 cases. Lacking medical history regarding 
hyperbilirubinaemia of siblings was reported as an improvable 
factor in 5 neonates, but occurred in 23 cases.

The process of TSB quantification itself led to delays of at least 
several hours in diagnosis of SNH. Sixteen improvable factors in 
the category organisation of care refer to a delay between quanti-
fication of TSB and report of the result. Nine improvable factors 
mention a delay in referral to the hospital or in start of treat-
ment after report of the TSB result. Delays mainly occurred if 
the blood draw for TSB quantification was done at home. Other 
delays occurred when the urgency of hospital admission was not 
clear to the community midwife or to the parents. Also, delays 
happened after admission, for example, TSB results remained 
unnoticed or blood for ET was not ordered.

DISCUSSION
This study describes patient characteristics of 109 (near) term 
neonates who suffered from SNH and associated improvable factors 
as identified by perinatal audits. The incidence of SNH was 22.9 
per 100 000 live- born neonates. In total, 8% of neonates had symp-
toms of ABE and ET was performed in 28%. At least five children 
developed chronic bilirubin encephalopathy. The main identified 
cause was ABO antagonism, of whom 57% had a positive direct 

Table 3 Hyperbilirubinaemia characteristics

Total (n=109)

Postnatal age in hours at first notion of jaundice* 42 (25–66)

Jaundice first recognised by†

  MCA 34 (31)

  Community midwife 49 (45)

  Nurse in hospital 16 (15)

  Paediatrician 7 (6)

  Parents 5 (4)

  Unknown or missing 2 3 (23)

Encephalopathy

  Acute symptoms 9 (8)

  Chronic symptoms 5 (5)

Peak TSB level

  <275 µmol/L 1 (1)

  275–349 µmol/L 15 (14)

  350–424 µmol/L 36 (33)

  425–499 µmol/L 37 (34)

  500–574 µmol/L 14 (13)

  ≥575 µmol/L 6 (6)

Age at peak TSB level in hours 84 (48–111)

Admitted from primary care 83 (76)

Treatment

  PT 109 (100)

  ET 30 (28)

Postnatal age in hours at:

  Start PT 77 (43–111)

   Only PT (n=79) 92 (52–118)

   PT and ET (n=30) 43 (27–90)

  ET (n=30) 55 (36–96)

Presumed cause of hyperbilirubinaemia†

  ABO antagonism 47 (43)

   Of which DAT positive 27 (57)

  Rh disease 3 (3)

   Of which DAT positive 3 (100)

  Haemolytic anaemia 8 (7)

  Related to prematurity 9 (8)

  Dehydration 21 (19)

   Of which breast fed 21 (100)

  Birth trauma 1 (1)

  Related to instrumental delivery 4 (4)

  Congenital hypothyroidism 1 (1)

  Neonatal infection 2 (2)

  (Suspicion of) inborn error of metabolism 2 (2)

  Related to maternal diabetes 1 (1)

  Delayed meconium passage 1 (1)

  No cause identified 16 (15)

  Missing 1 (1)

Data are displayed as numbers (percentages) or medians (IQR).
Acute bilirubin encephalopathy is defined by internationally recognised criteria.1 Chronic 
bilirubin encephalopathy is defined as neurological abnormalities at follow- up and an MRI 
of the brain with abnormalities.
ABO antagonism is defined as incompatibility of ABO blood groups.
Haemolytic anaemia is defined as hyperbilirubinaemia and evidence of haemolysis. This 
includes inherited erythrocyte cell membrane defects (eg, spherocytosis, elliptocytosis), 
erythrocyte enzyme deficiencies (eg, glucose- 6–phosphate dehydrogenase deficiency, 
pyruvate kinase deficiency), and ABO or Rh disease combined with anaemia.
Prematurity was defined as born before 37 complete weeks of gestation with a gestational 
age based on early ultrasonography.
Dehydration was defined as weight loss >7%.
*Postnatal age at first notion of jaundice is missing in five neonates.
†Multiple answers possible.
DAT, direct antiglobulin test; ET, exchange transfusion; MCA, maternity care assistant; PT, 
phototherapy; TSB, total serum bilirubin.

Table 4 Improvable factors

Total (n=147)

Improvable factors per case 1 (0–2)

Type of improvable factor*

Communication 37 (25)

  Insufficient communication 27 (18)

  Insufficient documentation of PAA database variables 10 (7)

Knowledge deficit 71 (48)

  Deviation from standard care 3 (2)

  Deviation from national guideline neonatal 
hyperbilirubinaemia15

56 (38)

  Deviation from local guidelines 4 (3)

  Other 8 (5)

Organisation of care 23 (16)

  Delay 10 (7)

  Organisational problems 11 (7)

  Insufficient testing 2 (1)

Other† 18 (12)

  Category missing 8 (5)

Data are displayed as numbers (percentages) or medians (IQR).
Some problems regarding delayed recognition of jaundice (eg, if parents considered 
their neonate jaundiced, but no action was taken) were categorised in this category 
as well.
*Multiple options per improvable factor possible.
†Improvable factors in this category included not having transcutaneous 
bilirubinometry, but also discrepancy in postnatal age calculation.
PAA, Perinatal Audit Assistant.
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antiglobulin test. Improvable factors revealed during audit meetings 
were mainly related to lack of compliance to the national guideline. 
This may reflect a knowledge deficit in the large majority perinatal 
healthcare professionals. Although a priori hyperbilirubinaemia 
risk assessment was very rarely documented, this was mostly not 
mentioned as improvable factor. Difficulties in communication and 
observation, and delay in TSB quantification were also frequently 
identified as improvable factors.

To the best of our knowledge, the Netherlands is the first country 
with a nationwide perinatal audit regarding neonatal hyperbili-
rubinaemia. The improvable factors that have been formulated in 
the audit meetings offer opportunities for improvement actions 
regarding timely recognition, diagnosis and treatment of SNH. We 
consider the results of this study generalisable to other countries as 
well. Despite the different approaches in various countries to iden-
tify neonates at risk of developing severe hyperbilirubinaemia, timely 
detection of jaundiced neonates who need treatment remains a 
global deficit in all care practices.5 8 16

The perinatal audit database is not a formal registry, and as 
such, under- reporting is likely. Unfortunately, follow- up on 
improvement actions was not documented, and definitions of 
diagnoses and many laboratory tests were not recorded in the 
PAA database. Using International Classification of Disease 
(ICD) codes and addition of few more obligatory characteristics 
will probably increase the appropriateness of this database for 
future studies.17 Inherent to the retrospective nature of the anal-
yses, some data were missing.

It appeared that fewer neonates in our study were born after 
instrumental delivery or a C- section than nationally (3% vs 
15%–16%).14 In line with previous studies, there was a slight 
male preponderance in neonates with SNH (60% vs 51% 
nationally), and an over- representation of neonates with a non- 
Caucasian mother: 48% in our study vs 13% nationally.6 14 18–20 
Seven mothers did not receive maternity care, of whom six were 
non- Caucasian. Lack of maternity care and the perceived diffi-
culty of visual assessment of jaundice in non- white neonates may 
delay timely recognition of SNH.21 Additionally, ABO blood 
group frequencies and incompatibilities, and other haemolytic 
diseases differ between ethnic groups.22

Our findings indicate that the a priori risk assessment for 
hyperbilirubinaemia is hardly ever documented in the medical 
records of neonates with SNH. Since 2008, a priori risk assess-
ments, including documentation and communication, and close 
monitoring of neonates, are key recommendations in the Dutch 
management guideline on hyperbilirubinaemia.15 Our data indi-
cate that this recommendation of the national guideline is not 
known or not adopted in clinical practice in 94% of the reported 
SNH cases. This concerning high percentage needs more exten-
sive root cause analyses and consequently targeted implemen-
tation strategies. A long interval between the first notion of 
jaundice and initiation of treatment was observed in analogy to 
data from Rennie et al who examined claims involving neonatal 
jaundice.20 Visual inspection of jaundice is neither objective, nor 
accurate.23–26 Additionally, and especially in the home setting, it 
may take several hours before TSB test result is obtained. Other 
potential explanations for the delay may be a wait- and- see 
approach and underestimation of the severity of hyperbiliru-
binaemia and its potential consequences in otherwise healthy 
neonates, which has also been shown in a nationwide survey 
among MCAs.27 ET was performed in only 28% of the neonates, 
whereas all neonates had a TSB level above ET threshold. This 
may be declared by the time needed to prepare an ET and the 
TSB reduction of TSB by intensive PT.

Improvable factors were registered in 76 neonates (70%). 
Remarkably, the lack of the a priori risk assessment of SNH 
was mostly not even documented as improvable factor. This 
may indicate a widespread lack of awareness, or lack of  
acknowledgement, of the importance of the a priori risk assess-
ment or a knowledge deficit on this specific recommendation. 
This is important because universal bilirubin screening was not 
adopted in the Dutch 2008 guideline, since it was assumed that 
well- organised follow- up in the Dutch perinatal care system 
would guarantee the early recognition of imminent severe 
hyperbilirubinaemia.15

Deviation from guidelines seems a perennial issue. Alkén et al 
showed that non- adherence resulted in kernicterus, whereas this 
could have been avoided in 11 neonates.19 The importance of 
adherence to guidelines is underlined by Canadian data. Sgro et 
al showed a reduction in incidence rates of SNH after implemen-
tation of a national hyperbilirubinaemia guideline.28

Additional examination and long- term follow- up were not 
performed in a substantial proportion of the neonates in our 
study. Whereas one might consider this as substandard care, 
recommendations on follow- up investigation after SNH are not 
part of the current guideline.15

We recommend, according to guidelines in other countries 
and advocated by other researchers, adding universal bilirubin 
screening using transcutaneous bilirubin or TSB measurement to 
the a priori risk assessment in the upcoming update of the next 
national guideline.29 30 This may also shorten the time interval 
between first notion of jaundice and start of treatment. Another 
possible improvement action is the incorporation of a stan-
dard sentence in the (electronic) medical records that indicates 
whether the risk of developing hyperbilirubinaemia is normal 
or increased. Difficulties in communication between healthcare 
professionals and delays in the process of TSB quantification 
should be obviated by clear standard operating procedures in the 
local obstetric care networks and adequate adherence to these 
procedures. SNH should remain an event in which improvable 
factors are identified and improvement actions are formulated in 
a multidisciplinary setting, for example, during a complication 
or critical incident review meeting.

Box 2 Overview of recommendations

Communication and knowledge
 ► Implement universal transcutaneous bilirubin screening at a 
predefined time and act upon outcome of this screening.

 ► Facilitate documentation and communication of a priori risk 
assessment for hyperbilirubinaemia. For example, incorporate 
a standard sentence in the (electronic) medical records that 
indicates whether the a priori risk of developing neonatal 
hyperbilirubinaemia is normal or increased.

 ► Healthcare providers should accept and agree on local 
standard operating procedures regarding neonatal jaundice 
in primary care. These standard operating procedures should, 
among others, include responsibilities and timelines for 
the process of recognition of jaundice, total serum bilirubin 
quantification, obtaining the total serum bilirubin result and 
hospital admission.

 ► Define severe neonatal hyperbilirubinaemia as an event in 
which improvable factors should always be identified and 
reviewed in a multidisciplinary setting at a preset moment. 
The paediatrician should hold responsibility for this process.
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Original research

Future research should focus on novel, preferably accessible 
and non- invasive, approaches for early identification of jaundice 
and underlying mechanisms regarding improvable factors.

CONCLUSIONS
Although SNH is largely preventable, it is still present in the 
Netherlands. Perinatal audit meetings are important to help 
identify improvable factors and formulate improvement actions 
(box 2). Our data indicate that timely recognition—including 
universal bilirubin screening, improving knowledge, commu-
nication, acceptance and compliance to hyperbilirubinaemia 
guidelines—may reduce the occurrence of SNH.

Acknowledgements We thank Manon Benders, Andrea Drost, Masja de Haas, 
Ronny Knol, Enrico Lopriore and Sinno Simons for their effort of initiating severe 
neonatal hyperbilirubinaemia as a perinatal audit theme. We acknowledge all local 
obstetric care networks for registering the audit data in the Perinatal Audit Assistant 
database.

Contributors The Perinatal Audit Assistant database is managed by ANR, who 
also prepared data and provided the anonymous dataset from the Perinatal Audit 
Assistant database for these analyses. ANR and BAMvdG checked collected data. 
Statistical analyses were performed by BAMvdG. BAMvdG, ANR and CVH wrote 
the first draft of the manuscript. BAMvdG, ANR, KAB, BJS, PD, JVB and CVH were 
involved in interpretation of the results, critically revised the manuscript and gave 
approval to the final version to be published. CVH is responsible for the overall 
content as guarantor.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Perined manages data on behalf of the represented national 
professional organisations in obstetric and paediatric care. All data were 
anonymised. The Medical Research Ethics Committee of the University Medical 
Centre Groningen, the Netherlands, declared that this research was not subject 
to the Medical Research Involving Human Subjects Act (UMCG research register 
#202000584).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The dataset is available (from Perined) on 
reasonable request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Berthe A M van der Geest http://orcid.org/0000-0002-9406-793X
Ageeth N Rosman http://orcid.org/0000-0003-3751-2950
Klasien A Bergman http://orcid.org/0000-0002-3002-7285
Bert J Smit http://orcid.org/0000-0001-7815-1720
Peter H Dijk http://orcid.org/0000-0002-1129-648X
Jasper V Been http://orcid.org/0000-0002-4907-6466
Christian V Hulzebos http://orcid.org/0000-0002-8159-7501

REFERENCES
 1 Le Pichon J- B, Riordan SM, Watchko J, et al. The neurological sequelae of neonatal 

hyperbilirubinemia: definitions, diagnosis and treatment of the kernicterus spectrum 
disorders (KSDs). Curr Pediatr Rev 2017;13:199–209.

 2 Sgro M, Campbell D, Shah V. Incidence and causes of severe neonatal 
hyperbilirubinemia in Canada. CMAJ 2006;175:587–90.

 3 Bousema S, Govaert P, Dudink J. [Kernicterus is preventable but still occurs] 
Kernicterus is vermijdbaar, maar komt nog steeds voor. Ned Tijdschr Geneeskd 
2015;159:A8518.

 4 Stark AR, Lannon CM. Systems changes to prevent severe hyperbilirubinemia and 
promote breastfeeding: pilot approaches. J Perinatol 2009;29 Suppl 1:S53–7.

 5 Bhutani VK, Johnson LH, Jeffrey Maisels M, et al. Kernicterus: epidemiological 
strategies for its prevention through systems- based approaches. J Perinatol 
2004;24:650–62.

 6 Gotink MJ, Benders MJ, Lavrijsen SW, et al. Severe neonatal hyperbilirubinemia in the 
Netherlands. Neonatology 2013;104:137–42.

 7 de Reu P, Van Diem M, Eskes M, et al. The Dutch perinatal audit project: a feasibility 
study for nationwide perinatal audit in the Netherlands. Acta Obstet Gynecol Scand 
2009;88:1201–8.

 8 Johnson L, Bhutani VK, Karp K, et al. Clinical report from the pilot USA kernicterus 
registry (1992 to 2004). J Perinatol 2009;29 Suppl 1:S25–45.

 9 Eskes M, Waelput AJM, Erwich JJHM, et al. Term perinatal mortality audit in 
the Netherlands 2010- 2012: a population- based cohort study. BMJ Open 
2014;4:e005652.

 10 Perined. [Additional explanation on 2 theme subjects of the perinatal audit 2017- 
2019] Extra uitleg over 2 thema- onderwerpen audit 2017- 2019: Perined, 2017. 
Available: https://assets.perined.nl/docs/e301e61e-ff91-4a7e-84a6-e2d60b13b33b. 
pdf

 11 Perined. [Perinatal care in the Netherlands anno 2018: national perinatal figures and 
interpretation] Perinatale zorg in Nederland anno 2018: landelijke perinatale cijfers en 
duiding. Utrecht; 2019.

 12 [Paediatric Association of the Netherlands] Nederlandse Vereniging voor 
Kindergeneeskunde. [Bilirubin nomograms >35 weeks] Bilicurve >35 wkn: [Paediatric 
Association of the Netherlands] Nederlandse Vereniging voor Kindergeneeskunde, 
2008. Available: http://babyzietgeel.nl/kinderarts/hulpmiddelen/diagnostiek/ 
bilicurve35wkn.php

 13 [National Healthcare Institute] Zorginstituut Nederland. [Plan Prenatal screening 
infectious diseases and erythrocyte immunisation] Draaiboek Prenatale Screening 
Infectieziekten en Erytrocytenimmunisatie (PSIE): [National Institute for Public Health 
and the Environment] Rijksinstituut voor Volksgezondheid en Milieu; 2005, 2021. 
Available: https://draaiboekpsie.nl/

 14 Perined. Peristat, 2020. Available: www.peristat.nl
 15 Nederlandse Vereniging voor Kindergeneeskunde, Kwaliteitsinstituut voor de 

Gezondheidszorg CBO. [Guideline prevention, diagnosis and treatment of 
hyperbilirubinaemia among newborns born at a gestational age of more than 35 
weeks] Richtlijn preventie, diagnostiek en behandeling van hyperbilirubinemie bij de 
pasgeborene, geboren na een zwangerschapsduur van meer dan 35 weken, 2008. 
Available: https://www.nvk.nl/Portals/0/richtlijnen/hyperbili/richtlijnhyperbili.pdf

 16 Bhutani VK, Zipursky A, Blencowe H, et al. Neonatal hyperbilirubinemia and rhesus 
disease of the newborn: incidence and impairment estimates for 2010 at regional and 
global levels. Pediatr Res 2013;74 Suppl 1:86–100.

 17 Kortekaas JC, Scheuer AC, de Miranda E, et al. Perinatal death beyond 41 weeks 
pregnancy: an evaluation of causes and substandard care factors as identified in 
perinatal audit in the Netherlands. BMC Pregnancy Childbirth 2018;18:380.

 18 Donneborg ML, Hansen BM, Vandborg PK, et al. Extreme neonatal hyperbilirubinemia 
and kernicterus spectrum disorder in Denmark during the years 2000- 2015. J 
Perinatol 2020;40:194–202.

 19 Alkén J, Håkansson S, Ekéus C, et al. Rates of extreme neonatal hyperbilirubinemia 
and kernicterus in children and adherence to national guidelines for screening, 
diagnosis, and treatment in Sweden. JAMA Netw Open 2019;2:e190858.

 20 Rennie JM, Beer J, Upton M. Learning from claims: hyperbilirubinaemia and 
kernicterus. Arch Dis Child Fetal Neonatal Ed 2019;104:F202–4.

 21 Szabo P, Wolf M, Bucher HU, et al. Detection of hyperbilirubinaemia in jaundiced full- 
term neonates by eye or by bilirubinometer? Eur J Pediatr 2004;163:722–7.

 22 Garratty G, Glynn SA, McEntire R, et al. ABO and Rh(D) phenotype frequencies of 
different racial/ethnic groups in the United States. Transfusion 2004;44:703–6.

 23 Davidson LT, Merritt KK, Weech AA. Hyperbilirubinemia in the newborn. Arch Pediatr 
Adolesc Med 1941;61:958–80.

 24 Moyer VA, Ahn C, Sneed S. Accuracy of clinical judgment in neonatal jaundice. Arch 
Pediatr Adolesc Med 2000;154:391–4.

 25 Riskin A, Tamir A, Kugelman A, et al. Is visual assessment of jaundice reliable 
as a screening tool to detect significant neonatal hyperbilirubinemia? J Pediatr 
2008;152:782–7.

 26 Keren R, Tremont K, Luan X, et al. Visual assessment of jaundice in term and late 
preterm infants. Arch Dis Child Fetal Neonatal Ed 2009;94:F317–22.

 27 van der Geest BAM, Theeuwen IM, Reiss IKM, et al. Assessing knowledge and skills 
of maternity care professionals regarding neonatal hyperbilirubinaemia: a nationwide 
survey. BMC Pregnancy Childbirth 2021;21:63.

 28 Sgro M, Kandasamy S, Shah V, et al. Severe neonatal hyperbilirubinemia decreased 
after the 2007 Canadian guidelines. J Pediatr 2016;171:43–7.

 29 Bhutani VK, Vilms RJ, Hamerman- Johnson L. Universal bilirubin screening for severe 
neonatal hyperbilirubinemia. J Perinatol 2010;30 Suppl:S6–15.

 30 Maisels MJ, Bhutani VK, Bogen D, et al. Hyperbilirubinemia in the newborn infant > or 
=35 weeks’ gestation: an update with clarifications. Pediatrics 2009;124:1193–8.

 31 [Knowledge centre of maternity care] Kenniscentrum Kraamzorg. [Detecting and 
evaluating hyperbilirubinaemia] Signaleren en evalueren van hyperbilirubinemie 2018.

 32 Hoftiezer L, Hof MHP, Dijs- Elsinga J, et al. From population reference to national 
standard: new and improved birthweight charts. Am J Obstet Gynecol 2019;220:383.
e1–383.e17.

G
roningen. P

rotected by copyright.
 on M

arch 25, 2022 at U
niversity of

http://fn.bm
j.com

/
A

rch D
is C

hild F
etal N

eonatal E
d: first published as 10.1136/archdischild-2021-322891 on 28 January 2022. D

ow
nloaded from

 



1 

 

SUPPLEMENTAL FILES 

 

SUPPLEMENTAL TEXT BOX 1: ORGANISATION OF THE DUTCH PERINATAL CARE SYSTEM  

In the Netherlands, a substantial proportion of healthy near term and term neonates are cared for in primary care, 

i.e., at home or in a primary care birth centre (PCBC), a 24/7 facility for postnatal care where babies and mothers 

(sometimes also partners) can stay up to eight days. Approximately 30% of women give birth in primary care and, 

additionally, many women who give birth in a hospital are discharged home or to a PCBC with their neonate within 

24 hours.[1] Maternity care assistants (MCAs) provide daily care at home or in a PCBC for mother and neonate during 

the first eight days after birth.[10] A PCBC is a primary care delivery facility where MCAs are the primary care 

providers. PCBCs can be freestanding or affiliated with a hospital. Deliveries in the PCBC are supervised by 

community midwives. Some PCBCs also offer the possibility for women (and their partner) to spend the first few 

days of the postpartum period together with their baby in the facility (rather than at home). Both in a PCBC and at 

home acommunity midwife supervises the MCA and has the primary responsibility for mother and child. The 

community midwife visits the new family at least three times during the first week.[2] Both MCAs and community 

midwives have completed education on perinatal care, which also includes education on assessment and treatment 

of neonatal hyperbilirubinaemia according to the national multidisciplinary guideline on neonatal jaundice 

management. In case of a potential clinical problem, such as severe neonatal hyperbilirubinemia, the community 

midwife will consult the paediatrician of a nearby hospital if treatment (phototherapy) is needed. Phototherapy is 

not provided in PCBCs. 
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SUPPLEMENTAL TEXT BOX 2: PERINATAL AUDIT 

Perinatal audit meetings were introduced in the Netherlands by Perined in 2010. Perinatal audit meetings 

are biannual internal meetings (per obstetric care network (OCN)) in which provided care in cases that fall 

within one of the four pre-set themes is evaluated. The themes are determined by experts in perinatal 

healthcare and Perined, and change every two to three years. 

Each audit meeting is prepared by a local team of an obstetrician, community midwife, clinical midwife, and 

paediatrician. A chronological report is constructed by the local team and registered in the Perinatal Audit 

Assistant (PAA) database. The report includes detailed information on maternal characteristics, obstetric 

history, and prenatal consultations, as well as a delivery report, data on the postpartum course, and maternal 

and neonatal follow up. The report is based on medical records kept by all involved perinatal healthcare 

professionals. The (presumed) causes of hyperbilirubinaemia are classified/categorised by the involved 

healthcare professionals. Additional laboratory tests are performed at the discretion of the involved 

healthcare professionals. Definition of diagnoses, and documentation of the corresponding results are not 

included in the PAA database. Completeness of the data in PAA depends on the accuracy of medical record 

keeping of the involved healthcare professionals. The PAA database is managed by Perined.  

For audit meetings, all perinatal healthcare professionals within an OCN (obstetricians, midwives, 

paediatricians, and obstetric nurses) are invited. During an audit meeting, usually two cases are evaluated. 

Every healthcare professional of an OCN may submit a case for evaluation. The local team decides which 

cases will be evaluated. Consequently, the PAA database is not a formal registry of all cases within a theme.  

An audit meeting is chaired by an independent chair. All healthcare professionals involved in an OCN are 

invited to attend the meeting. Cases are anonymised and healthcare professionals involved in the case can 

stay anonymous as well. During an audit meeting, improvable factors are formulated. Every attendee may 

formulate a potential improvable factor or improvement action, but global consensus regarding (the 

formulation of) improvable factors and the corresponding improvement actions needs to be reached. After 

the audit meeting, improvable factors, their categorisation, responsible stakeholders, and improvement 

actions – according to the Plan-Do-Act principle, are registered in the PAA database by the local team. 

Feedback on the improvement actions is reported at the next perinatal audit meeting. 
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Supplemental Table 1: Variables used for analysis 

Category Variable 

General characteristics Year 

Number of SSFs 

Description of SSF 

Category of SSF 

Presence of maternity care 

Maternal characteristics Gestational age (days) 

Ethnicity 

Caucasian 

Non-Caucasian: North African; Other African (including 

Surinam/Antillean Creole); Turkish (including Kurdish); 

Hindu (including Surinam/Antillean Hindu); (Other) Asian; 

Latin American (including Surinam/Antillean other); Other 

(including mixed). 

Unknown 

ABO and RhD blood group  

Parity 

Delivery characteristics Location and mode 

 

Neonatal characteristics Sex 

5’ Apgar score 

Arterial umbilical cord pH  

Birth weight (grams) 

Birth percentile [3] 

Type of feeding 

Age at first discharge  

Hyperbilirubinaemia characteristics Hyperbilirubinaemia risk assessment  

Age at first notification of jaundice (hours) 

Person(s) who notified jaundice 

PT  

Age at start of PT (hours) 

Age at exceeding ET threshold (hours)[4] 

ET  

Age at first ET (hours) 

Highest TSB level 

Blood group antagonism 

DAT test 

Acute bilirubin encephalopathy 

Cause of hyperbilirubinaemia 

aABR  

MRI 

Age at discharge from hospital after treatment 

Follow-up 
PT = phototherapy; ET = exchange transfusion; DAT = direct antiglobulin test ; aABR (automated) auditory brainstem response 
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Supplemental Table 2: Additional examinations 

 Total 

(N=109) 

(Automated) auditory 

brainstem response test 

performed 

67 (61) 

No abnormalities 59 (88) 

Abnormalities 8 (12) 

Not performed 39 (36) 

Missing 3 (3) 

MRI of brain performed 10 (9) 

No abnormalities 5 (50) 

Mild abnormalities 1 (10) 

Kernicterus 4 (40) 

Not performed 97 (89) 

Missing 2 (2) 
Data are displayed as numbers (percentages).MRI = magnetic resonance imaging.  
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