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Purpose: Phototherapy is the standard treatment for neonatal hyperbilirubinemia. It is important to collect data on phototherapy to
support research related to the efficacy and safety of phototherapy. We explored the registration of phototherapy in the Danish National
Patient Registry (DNPR) and the clinical characteristics of neonates treated with phototherapy.

Methods: We identified children born alive in Denmark from 1 January 2000 through 30 November 2016 from the DNPR
(N=1,044,502). We calculated the proportion of children registered that received phototherapy during the neonatal period and
examined temporal trends, both nationwide and at the level of individual hospitals. In a sub-cohort of children born at Aarhus
University Hospital (AUH) in 2002-2016 (N=71,781), we analyzed the proportions of children registered that received phototherapy,
according to sex, gestational age, birth weight, and neonatal characteristics, like Apgar score, birth asphyxia, and infections.
Results: We identified 11,295 (1.1%) registered that received phototherapy. The proportions of children registered that received
phototherapy differed among hospitals (range: 0 to 4.1%). Nationwide registration was low during the study period, but it increased to
1.8% in 2016. For the AUH sub-cohort the proportion of children registered with phototherapy averaged 4.4% (N=3182, range:3.9—
5.1%). The proportion of children registered with phototherapy was inversely correlated with gestational age and birth weight, and
positively correlated with neonatal characteristics, including low Apgar score, birth asphyxia, and infections.

Conclusion: Phototherapy was under-reported in the DNPR and the proportions of children registered that received phototherapy
differed among hospitals. The non-compulsory policy for reporting treatment and care in hospitals to the DNPR might explain the
variation. The most consistent reporting was observed among children born in an university hospital, where 4.4% of children
registered that received phototherapy, and phototherapy was inversely associated with gestational age, birth weight, and positively
associated with clinical characteristics like birth asphyxia, and infections.

Keywords: Danish National Patient Registry, health administrative data, neonates, hyperbilirubinemia, neonatal jaundice,
phototherapy

Introduction

Phototherapy is the standard treatment for hyperbilirubinemia in neonates. In severe cases, phototherapy is combined
with immunoglobulin treatment and exchange transfusion.! Phototherapy has saved the lives of millions from death and
disability, since 1957, when it was introduced as a treatment for hyperbilirubinemia.? Although phototherapy is known to
reduce serum bilirubin levels effectively, some unresolved questions remain, related to the effectiveness and safety of
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phototherapy.® For example, the efficacy of phototherapy in reducing mortality and morbidity remains unquantified, and
it remains unclear whether phototherapy increases the short-term risk of asthma or the long-term risk of cancer.> Access
to valid information on phototherapy is important for research on its effectiveness and safety. The Danish National
Patient Registry (DNPR) contains information on disease diagnoses, surgical procedures, in-hospital treatments, and care,
including phototherapy.*> The Danish Health and Medicines Authority guidelines for registering treatments in the DNPR
state that “It is not compulsory to register all treatment and care, but the individual department has the opportunity to
register the treatment and care of interest at a clinically meaningful level.”® Thus, for some treatments and care (including
phototherapy), there is little incentive to reporting, which often results in incomplete registration. Here, we explored the
nationwide registration of phototherapy in the DNPR. Preliminary analyses showed that phototherapy was evidently
under-reported in the DNPR across the nation, except at the Aarhus University Hospital (AUH). Therefore, we analyzed
an AUH sub-cohort to explore in detail the proportions of phototherapy registered annually and the clinical character-
istics of children registered with phototherapy.

Methods

Study Population

We examined the Danish Medical Birth Registry”*® to identify all children born alive in Denmark from 1 January 1997
through 30 November 2016 (N=1,063,119). Children were excluded when they could not be linked to the Danish Civil
Registration System (N=576) or had a missing value for gestational age (N=18,041). Thus, 1,044,502 children were
included in the analyses.

In Denmark, all residents are assigned a unique identification number in the Danish Civil Registration System,” which
enables linkage between nationwide registries. All data were analyzed at Statistics Denmark with encrypted identification
numbers. According to Danish law, analyses of anonymous data do not require approval from an ethical review board.
The study was approved by the Danish Data Protection Agency.

Information on the Registration of Phototherapy

The DNPR, established in 1976, is a national registry of data on the activities performed at Danish hospitals. The DNPR
contains information on the diagnosis, surgery, treatment, and care related to each hospital contact.* Phototherapy is
registered in the DNPR with the procedure code BNGC for phototherapy in general population and the procedure code
BNGCO for phototherapy to neonates. We included children registered that received phototherapy within 28 days after
the birth.

In Denmark, the Danish Pediatric Society developed guidelines for treating neonatal hyperbilirubinemia with
phototherapy, and two major versions were issued (in 1992 and 2012).'%"" In the 1992 version, phototherapy was
indicated for bilirubin levels above the criteria that corresponded to 10% of the birth weight, in grams, and 300 pmol/L
was set as the criteria if the amount of 10% of the birth weight was larger than 300."" The latest guidelines (the 2012
version) defined the criteria for phototherapy based on the age of the child when bilirubin was measured and the birth
weight. When the bilirubin measurement is taken at 72 h or later after birth, phototherapy is indicated for bilirubin levels
above 350, 250, 200, and 100 umol/L, for children with birth weights >2500, 1500-2499, 1000-1499, or <1000 g,
respectively. For children born at gestational ages 34-36 weeks with a birth weight >2500 g, phototherapy is indicated
when the bilirubin level is above 300 pmol/L."°

Information on Bilirubin Testing

For children born at AUH, information on bilirubin measurements was obtained from the clinical laboratory information
system (LABKA).'? The LABKA system contains test results from samples taken in a public or private hospital, or by
a general practitioner, that were sent to a clinical chemistry department. The database was considered to include full
geographical coverage for the Central Denmark region, where Aarhus University Hospital is located, since the year
2000.'* The main bilirubin measurements examined in this study were: the total serum bilirubin concentration and the
unconjugated bilirubin concentration. The total serum bilirubin was coded with NPU04145 and NPUO1370 in the
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LABKA where the code NPU04145 was specifically used for the measurement in neonates. The unconjugated bilirubin
was coded with NPUO1366. These data also contained information on the sampling date, sampling time, results, and test
units. We included all the measurements measured within 28 days after the birth.

Information on Birth and Neonate Characteristics
We accessed the Danish Medical Birth Registry to obtain information on the sex, singleton or multiple births (twins+),
gestational age, birth weight, parity, Apgar score at five minutes, and the hospital of birth (see Supplementary Table 1 for

a list of hospitals). Based on gestational ages and birth weights, we identified children born small for gestational age
(SGA), appropriate size for gestational age (AGA), and large for gestational age (LGA). SGA was defined as a birth
weight below the 10th percentile for the corresponding gestational age. LGA was defined as a birth weight above the 90th
percentile for the corresponding gestational age. AGA was defined as a birth weight between the 10th and 90th
percentiles for the corresponding gestational age. We obtained information on neonate characteristics from the DNPR.
Those data included birth asphyxia, acidosis, infection (including sepsis), newborn brain disturbances, birth injury, infant
of mother with diabetes syndrome, hypoglycemia, underfeeding, neonatal convulsions, respiratory disorders, cardiovas-
cular disorders, intracranial hemorrhage, hemolytic disease (including the type of disease), and neonatal jaundice
diagnosis (see Supplementary Table 2 for the ICD-10 codes). Some of these factors were shown to be related to

decisions of giving phototherapy treatment to neonates.”> We assigned children a given characteristic, when the DNPR
indicated that they had a primary or secondary diagnosis of the disease or condition during the neonatal period. We also
obtained information from the DNPR on the birth delivery method and any diagnoses of major congenital malformations
in the first year of life (see Supplementary Tables 2 and 3 for the ICD-10 codes).

Analyses

Children were followed from birth to age 28 days, death, or emigration, whichever came first. All of children were
followed up for 28 days if they did not die or emigrated in the neonatal period. We calculated the proportion of children
registered with phototherapy in the entire country and the proportions registered in the individual hospitals. We also
investigated the temporal trends in registering phototherapy in the DNPR.

We conducted a detailed analysis of phototherapy registrations in the neonatal period among children born at AUH
from 1 January 2002 through 30 November 2016 (N=71,781). First, we estimated the proportions of children registered
with phototherapy, according to sex (girls/boys), number of births in a pregnancy (ie, singleton, twins or more),
gestational age (20-27, 28-31, 32-34, 35, 36, 37, 38, or 3945 weeks), birth weight (<1000, 1000-1499, 1500-1999,
2000-2499, 2500-2999, 3000-3499, 3500-3999, or >4000 g), neonate size (SGA, AGA, LGA), maternal parity (1, 2+),
Apgar score at 5 minutes, major congenital malformation in the first year of life, delivery method, and other character-
istics observed in the neonatal period (see Supplementary Table 2). To estimate the proportion of children that were

registered with phototherapy among children born at gestational ages 20-27 weeks and among children with birth
weights <1000 g, we excluded children that died within the first two days after birth. Children born in a multiple birth are
more likely to be born at a shorter gestational age. Therefore, we estimated the proportions of children that were
registered with phototherapy, grouped according to gestational age, separately for singletons and children of a multiple
birth. We also estimated the proportions of children that were registered with phototherapy, grouped according to neonate
size, separately for children born preterm and children born at term. Second, we estimated the temporal trends of
phototherapy registration among children, according to sex, the number of births in a pregnancy, gestational age, birth
weight, neonate size, and parity. Third, we estimated the proportions of children with and without phototherapy that
underwent a bilirubin measurement, including total serum bilirubin and/or unconjugated bilirubin, during the neonatal
period.
All analyses were performed with STATA, version 16 (StataCorp LLC, College Station, TX, USA).

Results
Among children born from 1 January 2000 to 30 November 2016 (N=1,044,502), we identified 11,295 (1.1%) children
registered with phototherapy in the DNPR. Phototherapy registration varied among the hospitals studied; the proportion
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of children registered with phototherapy ranged from 0 to 4.1% (Supplementary Table 1). In five hospitals, more than
2.0% of children were registered with phototherapy in the DNPR. AUH had reported the highest proportion of children
(4.1%) treated with phototherapy between 2000 and 2016, followed by Regional Hospital West Jutland (3.5%), Odense
University Hospital (2.6%), Roskilde Hospital (2.4%), and Regional Hospital Central Jutland (2.3%) (Supplementary
Table 1).

Nationwide registration of phototherapy in the DNPR was low in 2000 (0.3%) and increased by the end of the study
period in 2016 (1.8%; Figure 1). Phototherapy registration at the AUH was low in 2000 (0.5%) and 2001 (0.5%), but it
increased to a high level in 2002 (4.5%), and maintained this level to 2016. We found that, at AUH, 3.9-5.1% of all
newborns were registered with phototherapy annually between 2002 and 2016 (Figure 1). Temporal trends in neonatal

phototherapy registrations at other selected hospitals varied much (Figure 1).

In the sub-cohort of children born at AUH from 2002 through 2016 (N=71,781), we identified 3182 (4.4%) children
registered with phototherapy in the DNPR (Table 1). More boys than girls were registered with phototherapy (4.7% vs
4.1%); however, the proportions observed during the individual calendar years showed that the rate was not consistently
higher in boys than in girls (Figure 2). The gestational age at birth was inversely correlated with phototherapy registration
(Table 1, Figure 3). For example, 86.1% of children born at gestational age 20-27 weeks were registered with
phototherapy, compared to 0.5% of those born at gestational age 39-45 weeks (Table 1). The trends in phototherapy
registration for children at different gestational ages were stable during 2002-2016 (Figure 3). Similarly, birth weight was
inversely correlated with phototherapy (Table 1, Figure 4). Neonatal size (SGA, AGA, LGA) was associated with
phototherapy indicating children born SGA were more likely to be registered with phototherapy than children born AGA
(Tables 1 and 2). The patterns of children registered with phototherapy for children born LGA compared with children
born AGA, however, were different between children born preterm and children born at term (Table 2). Among children
born preterm, children born LGA were less likely to be registered with phototherapy than children born AGA (27.7% vs
41.6%, Table 2). Conversely, among children born at term, children born LGA were more likely to be registered with
phototherapy than children born AGA (1.4% vs 0.7%, Table 2). The trend of proportion of children registered with
phototherapy according to neonatal size is presented in Figure 5.

. . . 0
0 Chlldlien reglstEred wnthaohototheaapy % 5

—@—— Nationwide ——@—— Aarhus University Hospital ——#—— Odense University Hospital

——@—— Regional Hospital West Jutland——3%-—— Roskilde Hospital —&—— Regional Hospital central Jutland

mtp  A|| other hospitals

Figure | Trends in the registration of neonatal phototherapy in the Danish National Patient Registry, nationwide and at selected Hospitals, during 2000-2016.
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Table | Registration of Phototherapy According to Newborn Characteristics®

Characteristics Total Children with Phototherapy
No. %
Total 71,781 3182 44
Sex
Girls 35,087 1455 4.1
Boys 36,694 1727 4.7
Gestational age (weeks)
20-27° 459 395 86.1
28-31 817 640 783
32-34 1848 1023 55.4
35 121 302 26.9
36 1856 224 12.1
37 4294 188 44
38 9909 166 1.7
3945 51,337 24| 0.5
Birth weight® (gram)
<l000? 476 421 88.4
10001499 629 504 80.1
1500-1999 1109 644 58.1
20002499 2597 654 25.2
2500-2999 8516 397 47
3000-3499 22,617 260 1.1
3500-3999 23,563 170 0.7
24000 11,644 96 0.8
Growth
SGA 6885 438 6.4
AGA 57,776 2469 43
LGA 6621 242 37
Number of children in pregnancy
Singletons 67,931 2253 33
Twins+ 3850 929 24.1
Parity
Nulliparous 35,240 1897 5.4
Multiparous 36,082 1259 35
Missing 459 26 5.7
Apgar score at 5 minutes
9-10 68,327 2629 3.8
7-8 1661 226 13.6
0-6 486 98 20.2
Missing 1307 229 17.5
Major congenital malformation in the first year
No 68,807 2754 4.0
Yes 2974 428 14.4
Delivery method
Spontaneous delivery 47,707 1288 2.7
Forceps or vacuum extractor 5459 197 3.6
Caesarean section 15,122 1254 83
Other assistant delivery 3478 443 12.7
Birth asphyxia
No 69,994 2742 39
Yes 1787 440 24.6
Acidosis
No 71117 311 4.4
Yes 664 71 10.7
(Continued)
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Table | (Continued).
Characteristics Total Children with Phototherapy
No. %
Infection
No 69,121 2485 3.6
Yes 2660 697 26.2
Sepsis
No 69,317 2545 37
Yes 2464 637 25.9
Disturbance of newborn brain
No 71,679 3143 44
Yes 102 39 38.2
Birth injury
No 71,480 3158 44
Yes 301 24 8.0
Syndrome of infants of mother with diabetes
No 70,469 2984 42
Yes 1312 198 15.1
Hypoglycemia
No 69,717 2738 39
Yes 2064 444 21.5
Underfeeding
No 71,343 3096 43
Yes 438 86 19.6
Neonatal convulsion
No 71,668 3167 44
Yes 113 15 133
Respiratory disorders
No 66,986 1642 2.5
Yes 4795 1540 32.1
Cardiovascular disorders
No 71,477 3092 43
Yes 304 90 29.6
Intracranial hemorrhage
No 71,460 2945 4.1
Yes 321 237 738
Hemolytic disease
No 71,489 2999 4.2
Yes 292 183 62.7
Type of hemolytic disease
No 71,489 2999 42
Rh isoimmunization 187 17 62.6
ABO isoimmunization 79 56 70.9
Others 26 10 385
Diagnosis of neonatal jaundice
No 67,446 763 1.1
Yes 4335 2419 55.8
Notes: *The table is based on children born at Aarhus University Hospital from | January 2002 through
30 November 2016 (N=71,781). ®140 children died in the first two days after birth were excluded from
this category. “Children with a missing value of birth weight and birth weight less than 100 grams were
not included (n=499). ®131 children died in the first two days after birth were excluded from this
category.
Abbreviations: SGA, small for gestational age; AGA, appropriate for gestational age; LGA, large for
gestational age.
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Figure 2 Trends in the registration of neonatal phototherapy, according to sex.
Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781).
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Figure 3 Trends in the registration of neonatal phototherapy, according to gestational age.
Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781). Trends for children born at gestational
age 20-27 weeks are not presented, due to the limited numbers for each individual year.
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Figure 4 Trends in the registration of neonatal phototherapy, according to birth weight.

Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781). Children with a missing birth weight
value and those with birth weights <100 grams were not included (N=499); children born with a birth weight <I000 grams are not presented, due to the limited numbers
for each individual year. For children born with birth weights of 1000-1499 grams, data for the years 2008 and 2014 are not presented in the figure, due to the limited
numbers of children with phototherapy during those two years.

Only 3.3% of singletons were registered with phototherapy in the DNPR; however, 24.1% of children born in
multiple births (twins+) were registered with phototherapy (Table 1). The trend of registering singletons treated with
phototherapy was stable throughout the study period. However, the trend of registering twins treated with phototherapy
was lower in 2016 than in previous years (Figure 6). When children were grouped by gestational age, we found that, at
gestational ages 28-37 weeks, the proportion of children registered with phototherapy was lower among children of
multiple births than among singletons of the same category of gestational age (Table 3).

Children born to nulliparous mothers were more likely to have phototherapy than children born to multiparous
mothers (5.4% vs 3.5%; Table 1), and this difference was stable throughout the study period (Figure 7). Children with
a low Apgar score at 5 minutes, birth asphyxia, acidosis, sepsis, newborn brain disturbances, hemolytic diseases, etc,
were more likely to be registered with phototherapy than children without the corresponding disorder (Table 1). For

Table 2 Proportion of Children Registered with Phototherapy According to Growth and
Gestational Age (Preterm and Term)®

Growth of Neonates | Children Born Preterm Children Born at Term
Total Children Registered Total Children Registered
with Phototherapy with Phototherapy
No. % No. %
SGA 590 318 53.9 6295 120 1.9
AGA 5001 2082 41.6 | 52,775 387 0.7
LGA 571 158 277 6050 84 1.4

Notes: “The table is based on children born at Aarhus University Hospital from | January 2002 through
30 November 2016 (N=71,781); Children with a missing value of birth weight and birth weight less than 100 grams
were not included (n=499).
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Children registered with phototherapy %

Year of Birth

—®— SGA —o— AGA —8— LGA

Figure 5 Trends in the registration of neonatal phototherapy, according to neonate size (SGA, AGA, LGA).

Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781). Children with a missing birth weight
value and those with birth weights <100 grams were not included (N=499).

Abbreviations: SGA, small for gestational age; AGA, appropriate size for gestational age; LGA, large for gestational age
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1

Children registered with phototherapy %
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Figure 6 Trends in the registration of neonatal phototherapy, according to the number of births in a pregnancy (singletons, twins+).
Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781).
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Table 3 Proportion of Children Registered with Phototherapy According to Gestational Age

Among Singletons and Twins®

Gestational Age, Weeks | Singletons Twins+
Total Children Total Children
Registered with Registered with
Phototherapy Phototherapy
No. % No. %

20-27° 244 207 84.8 154 139 90.3
28-31 505 396 784 282 218 773
32-34 1174 654 55.7 642 350 54.5
35 768 218 284 338 79 23.4
36 1429 187 13.1 423 36 85
37 3396 167 4.9 894 21 23
3845 60,297 395 0.7 938 12 1.3

Notes: “The table is based on children born at Aarhus University Hospital from | January 2002 through
30 November 2016 (N=71,781). Includes only children who survived the neonatal period.

example, 62.7% of children diagnosed with a hemolytic disease were registered with phototherapy; this proportion

included 62.6% of children with hemolytic disease due to Rhesus isoimmunization and 70.9% with hemolytic disease

due to ABO isoimmunization. A high proportion of children with intracranial hemorrhage (73.8%) were also registered

with phototherapy (Table 1). Among children with a diagnosis of neonatal jaundice in the DNPR, 55.8% were registered
with phototherapy (Table 1). Among children 3182 children registered with phototherapy, 763 (24.0%) children,
however, did not have a diagnosis of neonatal jaundice.

Among all the children that received phototherapy, 97.4% had a bilirubin measurement, irrespective of gestational

age. In contrast, among children that did not receive phototherapy, only 15.1% had a bilirubin measurement, and the

Children registered with phototherapy %
4
1

Year of Birth

——~&—— Born to nulliparous mothers

——a—— Born to multiparous mothers

Figure 7 Trends in the registration of neonatal phototherapy, according to the parity of the mother.
Notes: These data include children born at Aarhus University Hospital from | January 2002 through 30 November 2016 (N=71,781).
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Table 4 Clinical Measurement of Bilirubin in the Neonatal Period According to Phototherapy
and Gestational Age®

Gestational Age (Weeks) Number of Children with Measurement of
Children Measurement of Bilirubin (umol/l) ¢
Bilirubin®©
Number % Mean SD
Children without phototherapy
20-31° 228 197 86.4 155.9 44.2
32-34 825 698 84.6 193.9 56.5
35-36 2451 1460 59.6 216.2 65
37-38 13,849 3343 24.1 217.2 75.5
3945 51,096 4633 9.1 189.7 8l.4
Total 68,449 10,331 15.1 201.9 76.8
Children with phototherapy
20-31° 1035 1,014 98.0 166.8 42.2
32-34 1023 999 97.7 231.1 46.3
35-36 526 513 97.5 268.8 539
37-38 354 342 96.6 3104 79.2
3945 241 228 94.6 3145 81.2
Total 3179 3096 97.4 231.1 758
Notes: “The table is based on children born at Aarhus University Hospital from | January 2002 through

30 November 2016 (N=71,781). ®Among children with a gestational age 20-27 weeks, those (n=140) died in the first
two days after birth were not included. ‘It refers to measurement of total serum bilirubin or unconjugated bilirubin in the
neonatal period. 9If a child had more than one time of measurement of bilirubin, the maximum was used.

percentage varied substantially according to gestational age (Table 4). The mean maximum bilirubin measured in the
neonatal period was lower among children without phototherapy than among children with phototherapy (Table 4). The
difference between these two groups was only 10.9 umol/l for children born at gestational ages <32 weeks, but the
difference was 124.8 pmol/l for children born at gestational ages >38 weeks.

Discussion
This study showed that only 1.1% of neonatal children were registered with phototherapy between 2000 and 2016 in
Denmark. However, the proportion varied from 0 to 4.1% among hospitals. The nationwide registration of phototherapy
in the DNPR was, on average, low over the study period, but it increased to 1.8% by the end of the study period in 2016.
In the sub-cohort of children born at AUH, the registration was reasonably stable between 2002 and 2016, and an average
of 4.4% of children were registered with phototherapy in the DNPR. A comparison of the nationwide registration to the
registration in the sub-cohort from AUH suggested that neonatal phototherapy was under-reported nationwide in the
DNPR. When we assumed that the actual nationwide phototherapy rate was the same as the rate observed at AUH, then
we estimated that 75% of children treated with phototherapy nationwide were not reported to the DNPR. The non-
compulsory policy of the Danish Health and Medicines Authority for reporting to the DNPR on treatment and care (like
phototherapy)® might explain the variation in the phototherapy registration rates among the different hospitals. People
might argue that the AUH possesses one of three highly specialized units in Denmark (Neonatal Intensive Care Unit,
level III); thus, a large proportion of very sick neonates are treated at AUH. However, the present analyses did not
include children that were born to mothers registered in other municipalities that were treated at the AUH due to severe
conditions. It remains possible that geographic variations may exist in the use of phototherapy, and it may not be
reasonable to extrapolate AUH treatment rates to other hospitals.

Although phototherapy registration at AUH has not been validated, data from the AUH sub-cohort might be valuable.
Among children registered with phototherapy at AUH, 97.4% had at least one bilirubin measurement in the neonatal
period; in contrast, only 15.1% of children without phototherapy had bilirubin measurements. That finding suggested that
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the phototherapy registration from AUH in the DNPR could be highly valid. The proportion of singletons registered with
phototherapy in the AUH sub-cohort was 3.3%, which was lower than the estimate (4.5%) reported from mothers in the
Danish National Birth Cohort (DNBC).'* The DNBC is a cohort of 100,000 women, which provided information
collected during pregnancy (at 12 and 30 weeks of gestation) and shortly after birth (at 6 and 18 months) through
telephone-assisted interviews. Information on phototherapy was collected during the 6-month interview, with the
following question to mothers “Has your child had phototherapy treatment for neonatal jaundice?”. Among singletons
born in the cohort, 4.5% mothers reported their child had phototherapy for neonatal jaundice as shown in our previous
study.'* However, phototherapy in that study included phototherapy after the neonatal period. We found that photo-
therapy data from the DNBC was slightly overestimated, because we confirmed that only 96% of children had actually
received phototherapy after we validated the mothers’ reports by comparing them with the medical records in a pilot
validation study including 100 children whose mothers reported phototherapy.'* Another study estimated that 1-2% of
children born late preterm or at term were treated with phototherapy in Denmark.'” Similarly, our data from AUH
showed that 1.6% children born at 35 gestational weeks and later were registered with phototherapy. In future, it would
be useful to validate the phototherapy data registered in the DNPR from AUH, by comparing them to the hospital’s
electronic medical records. In the US, a study showed 2.3% of children born at term received phototherapy.'®

Our study showed that gestational age and birth weight were inversely associated with phototherapy registration. For
example, the proportions of children registered with phototherapy from AUH were 86.1%, 78.3%, and 55.4% for
children born at gestational ages <28 weeks, 28-31 weeks, and 32-34 weeks, respectively. Similar findings were
reported in a study from the US; they showed that 94.3%, 92.6%, and 75.4% were treated with phototherapy among
children born at gestational ages <28 weeks, 28—-31 weeks, and 32-34 weeks, respectively.'” The inverse relationships
between phototherapy and gestational age and birth weight were also reported in a study based on data from neonatal
intensive care units (NICUs).'®

Our overall estimates showed that boys were more likely to be registered with phototherapy than girls. However, the
pattern was not consistent each year in this study. Data from the Danish Medical Birth Registry, including gestational
age, birth weight, Apgar score, sex, and parity, were shown to be virtually complete and of very high validity.®

Our data from AUH showed that the proportion of children registered with phototherapy was correlated with many
other characteristics (eg, hemolytic disease, birth asphyxia, infection, intracranial hemorrhage, etc). To some extent, the
findings were consistent with findings from previous studies.'*'® For example, 62.7% of neonates diagnosed with
hemolytic diseases in the neonatal period were registered with phototherapy. This was consistent with data from NICUs,
which estimated that up to 85.3% of neonates with hemolytic diseases received phototherapy.'® We showed that children
with infections in the neonatal period were more likely to receive phototherapy than children without infections (26.2%
vs 3.6%). However, a previous study showed that fewer infants with infections needed phototherapy, compared to the
proportion that needed phototherapy in the overall NICU population.'® Those authors argued that their findings might
have been due to special characteristics of the NICU population.'®

Our study showed that not all children with phototherapy had a diagnosis of neonatal jaundice. In our study, the
neonatal jaundice diagnoses included both primary and secondary diagnoses. However, the number of children diagnosed
with neonatal jaundice could be higher, if a different diagnostic approach were used.'” It is also possible that less critical
diagnoses, like neonatal jaundice, could be skipped in the diagnoses for a child with other severe disorders. The study
based on data from NICUs showed that only 20% of children that received phototherapy in NICUs had a jaundice-related
diagnosis as the principal reason for admission.'® However, neonatal jaundice is the only indication for phototherapy in
the neonatal period; therefore, it is likely that all children that received phototherapy in the neonatal period would have
had neonatal jaundice. These findings indicated that, when researchers use only the diagnosis of neonatal jaundice to
identify children with hyperbilirubinemia, they should be cautious about whether the records on neonatal jaundice
diagnoses are enough for hyperbilirubinemia. We used the same criteria (including both the primary and secondary
diagnoses) to identify neonates with other disorders. Researchers should consider differences in methods of case
identification, when comparing estimates across different studies. A previous study from Norway presented neonatal
characteristics associated with the use of phototherapy in all infants hospitalized in Norwegian NICUs over a year.'®
However, the present study appeared to be the first to have a comprehensive scope with a population-based perspective.
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Nevertheless, the data on phototherapy in the DNPR did not have information on the phototherapy duration or the age at
phototherapy initiation.

The use of phototherapy depends on several factors, including the use of predischarge bilirubin screening, the risk
profile of the birth population, and the guidelines used for phototherapy.” Data from Norway showed that 3.1% of
neonates required predischarge phototherapy, but that study was restricted to healthy neonates born at >36 weeks
gestation.”” Data from the US showed that 7.6% of neonates received phototherapy during 1995-2011.>' Predischarge
bilirubin screening was introduced in the US in 2005;** thus, when we consider only the data before the predischarge
bilirubin screening program was introduced in the US, only around 3% of children received phototherapy.** A study from
Nigeria estimated the proportion of neonates born at term that met the criteria for phototherapy, according to different
guidelines that were based on total serum bilirubin measured between 24 and 120 h after birth.”* Those findings showed
that 2.7%, 1.1%, 0.4%, and 5.4% of neonates, respectively, required phototherapy based on the criteria from the
American Academy of Pediatrics (AAP), the National Institute for Health and Clinical Excellence, UK, the World
Health Organization, or an absolute threshold of >12 mg/dl (205 pmol/1).>> Another study showed that “clinicians
provided phototherapy to only 54% of term infants with hyperbilirubinemia for whom it was recommended by the
AAP”.'¢

Although the guidelines for phototherapy for neonatal hyperbilirubinemia in Denmark changed from the 1992 version
to the 2012 version during the study period, we observed no changes in the proportion of children registered with
phototherapy from AUH around 2012, when the new guidelines were applied.

The year 2018 marked the 60th year since the discovery of phototherapy for treating neonates with
hyperbilirubinemia.? In Denmark, phototherapy was applied for treating neonatal hyperbilirubinemia since the early
1970s.** Despite a 60-year history of phototherapy use and research, important questions regarding the basic science, the
practical application, and the long-term consequences of phototherapy remain to be addressed, particularly with regard to
small, immature, and sick premature neonates.” High quality data will play an important role, particularly for clinical
assessments and research into the long-term consequences of phototherapy. To improve the registration of treatments and
care (like phototherapy) in the DNPR, the Danish Health Authority might consider revising its policy of optional
reporting to compulsory reporting on specific conditions that are associated with significant short and long-term health
issues. New technologies might facilitate the automatic collection of phototherapy use. Moreover, more information
could be reported, including, eg, the light source, timing, duration, number of sessions, etc.

Conclusion

Our findings suggested that phototherapy has been under-reported in the DNPR. The non-compulsory policy for
reporting treatment and care in hospitals to the DNPR might explain the nationwide incomplete registration of
phototherapy. A university hospital (AUH) was found to have more consistent reporting, where 4.4% of children were
registered with phototherapy. We found that the registration of phototherapy was inversely associated with gestational
age, birth weight, and positively associated with clinical characteristics like the low Apgar score, congenital malforma-
tions, birth asphyxia, and infections. Based on these findings, we advocate a nation-wide improvement in registering
phototherapy in the DNPR to improve the quality and usefulness of the registry data. The Danish Health Authority might
consider changing its policy from optional to compulsory reporting for treatments and care that might be associated with
significant short and long-term health issues, like phototherapy.
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