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BACKGROUND: Extremely preterm infants are prone to hyperbilirubinemia and its sequelae. Currently recommended thresholds
for initiating phototherapy in these newborns are consensus-based (CB).

METHODS: A multi-site retrospective cohort study of 642 infants born at 24%” to 28°%7 weeks’ gestation, between January 2013 and
June 2017, was conducted at three NICUs in Canada. Pre-phototherapy TSB percentile levels at 24 h of age were generated and

contrasted with published CB thresholds.

RESULTS: Among infants born 24%7 to 25%7 weeks’ gestation, the differences between our TSB percentiles vs. the CB threshold of
85.0 pmol/L were 10.0 pmol/L (95% Cl, 6.0-16.0) at the 75th percentile and 35.3 umol/L (95% Cl, 26.1-42.8) at the 95th percentile.
Respectively, among infants born at 26”7 to 27%7 weeks, differences were 19.4 umol/L (95% Cl, 16.8-23.4) and 43.3 pmol/L (95% Cl,
34.7-46.9). Born at 28”7 to 28%7 weeks’ gestation, differences between our 75th and 95th TSB percentiles and the CB threshold of
103 pmol/L were 6.9 umol/L (95% Cl, 3.2-12.0) and 36.0 umol/L (95% Cl, 31.0-44.3), respectively.

CONCLUSIONS: We provide statistically derived pre-phototherapy TSB levels that may clarify patterns of pre-phototherapy TSB

levels in extremely preterm infants.

Pediatric Research (2023) 93:226-232; https://doi.org/10.1038/541390-022-02065-0

IMPACT:

® We present statistically derived pre-phototherapy total serum bilirubin levels in a cohort of extremely preterm infants.
® Most of these preterm infants received phototherapy—some at below currently published thresholds.
® There are notable differences between our statistically derived pre-phototherapy TSB levels and currently published lower limit

TSB thresholds for phototherapy.

® Our study results assist in the understanding of pre-phototherapy TSB levels in extremely preterm infants.

INTRODUCTION
Infants born extremely preterm at 24-28 weeks' gestation are at
higher risk of bilirubin-induced neurological dysfunction (BIND).
BIND can arise in preterm infants in the absence of acute bilirubin
encephalopathy (ABE) and at a total serum bilirubin (TSB)
concentrations lower than those in term or near-term infants.'™
In an attempt to prevent BIND in extremely preterm infants, TSB
levels are monitored more frequently than in term infants, and at-
risk infants are typically treated at lower TSB levels than their term
and moderate preterm infant counterparts.'** Although pre-
phototherapy TSB levels have been established among term and
near-term infants, less is known about the pattern of pre-
phototherapy TSB levels in extremely preterm infants. Rather,
TSB treatment thresholds that are currently in use were primarily
derived from expert opinion, consensus guidelines, and small

cohort studies, potentially impacting hyperbilirubinemia manage-
ment in extremely preterm infants.”™®

In 2012, Maisels et al. introduced recommendations to manage
and treat hyperbilirubinemia in preterm infants born at <35 weeks’
gestation, largely based on expert opinion.® A lack of evidence
regarding the appropriateness of these recommendations has led
to different adaptations and variations in their use across neonatal
intensive care units (NICUs), potentially resulting in an increase
use of phototherapy in this population.® In addition, phototherapy
use among extremely preterm infants in Canada has not yet been
reported.

The primary objective of the current study was to first generate
percentile-based pre-phototherapy TSB levels in a cohort of
extremely preterm infants born at 24%7 to 2857 weeks’ gestation.
The secondary objective of this study was to compare this cohort’s
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TSB percentiles with Maisels’ consensus-based published thresh-
olds for phototherapy initiation.® Additionally, the proportion of
infants who were started on phototherapy below Maisels’
published threshold,® overall, and by hours of age of photo-
therapy initiation was also calculated.

METHODS

A multi-site retrospective cohort study of extremely preterm infants born
or transferred to Sinai Health (January 2015 to June 2017) and St. Michael’s
Hospital (January 2013 to June 2017) in Toronto, Ontario, as well as at
Hamilton Health Sciences Centre (January 2014 to June 2017) in Hamilton,
Ontario was conducted. Research ethics board approval was obtained at all
three participating sites; Mount Sinai Hospital Research Ethics Board, Unity
Health Toronto Research Ethics Board, and Hamilton Integrated Research
Ethics Board. Informed consent was not required for this study as this was
a retrospective chart review.

Extremely preterm infants born at 24%7 to 28%weeks gestational age
were included in the study. Excluded were infants who had Rh disease or
those who did not have a recorded TSB level in their electronic medical
chart. Infants with Rh disease are usually diagnosed and managed
prenatally by monitoring maternal antibody levels, surveillance fetal
sonography and offering selective interventions. National and provincial
databases, the Canadian Neonatal Network (CNN)'® and Better Outcomes
Registry & Network (BORN),'" respectively, were used to identify eligible
infants born during the study period. Eligible infants’ medical records were
reviewed at their respective hospitals of admission to obtain pre-
phototherapy TSB levels. As previously defined, pre-phototherapy TSB
levels included TSB levels prior to the initiation of phototherapy, among
those administered phototherapy, or any TSB level among those who were
not administered phototherapy.'? In addition, postnatal age in hours,
phototherapy status, hours of age at phototherapy initiation, gestational
age at birth, and relevant infant characteristics was also collected.

Data analyses

All hour-specific TSB levels prior to initiation of phototherapy were plotted
in 6-h increments, from birth to 72 h thereafter. In keeping with previous
research, hour-specific 40th, 50th, 75th, and 95th TSB percentiles12'13 were
estimated using quantile regression among all infants, including a
quadratic polynomial for age in hours. All quantile regression models
were fit using the quantreg package in R. In order to account for repeated
measures within subjects, 1000 bootstrap resamples at the subject level
were used to generate 95% confidence intervals (Cls)."*'®

Maisels’ recommended published thresholds for the initiation of
phototherapy are based on expert opinion.® Among infants born at 2497
to 27%7 weeks’ gestation, the recommended TSB range for starting
phototherapy is 85-103 umol/L while among infants born at 28%7 to
28%7 weeks' gestation the recommended published threshold is
103-137 umol/L.° Based on previous reports suggesting that pre-
phototherapy TSB at 24h can be used to guide phototherapy
administration, as a secondary analysis, the difference between pre-
phototherapy TSB percentiles derived at 24 h of age and Maisels’ above
mentioned lower TSB threshold at the respective gestational age groups
were calculated.* A previous study reported NICUs using the lowest level
of Maisels’ published threshold to initiate phototherapy among infants
born at <28 weeks’ gestation.” The differences between the study’s pre-
phototherapy TSB percentiles at 24 h of age and Maisels’ published
lower threshold® were stratified by the following gestational age groups
based on clinical guidelines; 24%7 to 25%7 weeks, 26%7 to 27°7 weeks
and 28%7 to 28°%7 weeks’ gestation.

Additionally, we determined the proportion of infants in the study who
were started on phototherapy below Maisels’ published threshold®. Infants
with a TSB level done >12h before the time of phototherapy initiation
were excluded from the secondary analysis. Among infants born at 2497 to
27%7 weeks’ gestation, those who had a TSB level <85 umol/L at the time
of phototherapy initiation were considered as being treated below Maisels’
published threshold.® For infants born at 28%7 to 28%7 weeks' gestation,
those whose TSB level was <103 pmol/L at the initiation of phototherapy
were considered as being treated below Maisels’ published threshold. To
determine whether the proportion of infants administered phototherapy
below Maisels’ published threshold changed with time of phototherapy
initiation (in hours) since birth, a Cochran-Armitage trend test was
conducted, with significance set at <0.01."7'8
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Sample size calculation

The sample size was calculated based on previous pre-phototherapy
curves for TSB levels in moderate preterm and near-term infants.'>'> A
minimum sample size of 448 extremely preterm infants was required using
Bellera and Hanley's methods for reference limits of 2.5% and 97.5%, with a
90% Cl and 10% relative margin of error."®

RESULTS

Of the 737 eligible infants born between 24”7 and 28%7 weeks’
gestation, 642 infants had at least one available TSB measure-
ment performed prior to the initiation of phototherapy within
the first 72 h after birth (Supplemental Fig. S1). The median
gestational age at birth was 26.0 weeks (Interquartile range
[IQR]) 25.0-28.0), and the median birth weight was 900.0 g (IQR
760.0-1100.0) (Table 1).

Pre-phototherapy TSB levels

Six hundred and forty-two extremely preterm infants born at 24%7
to 28°%7 weeks’ gestation contributed a total of 1134 h-specific
pre-phototherapy TSB levels (Fig. 1). Each infant contributed a
median of 2 (IQR 1-2) pre-phototherapy TSB samples. Since there
was a paucity of pre-phototherapy TSB levels after 72 h of age,
quantile regression was limited to data up to 72 h after birth.

At 24 h of age, the estimated pre-phototherapy TSB levels were
84.4 umol/L (95% Cl, 82.2-87.0) at the 40th, 89.4 umol/L (95% Cl,
87.5-91.3) at the 50th, 103.3 umol/L (95% Cl, 101.4-106.2) at the
75th, and 1304 umol/L (95% Cl, 125.7-135.2) at the 95th
percentile (Table 2). The corresponding estimated hourly rates of
rise of TSB at birth were 2.8 umol/L/h (95% Cl, 2.4-3.5), 2.9 pumol/L/
h (95% Cl, 2.4-3.2), 2.8 pmol/L/h (95% Cl, 2.2-3.6) and 1.9 umol/L/h
(95% Cl, 0.7-3.4) for the 40th, 50th, 75th, and 95th percentiles,
respectively. The estimated change in the rate of rise of TSB

Table 1. Characteristics of 642 extremely preterm infants born at 24°”
to 28%7 weeks’ gestation included in the study.

Characteristic

26.0 (25.0-28.0)
900.0 (760.0-1100.0)

Median (IQR) gestational age, weeks
Median (IQR) birth weight, g

Female 300 (46.7)
Mean (SD) maternal age at birth of current 31.8 (6.0)
infant, years®

Mode of birth

Cesarean 376 (58.6)

Vaginal 257 (40.0)

Unknown 9(1.4)
Hemolysis

ABO incompatibility® 89 (13.9)
Feeding

Enteral only 139 (21.6)

Total parenteral nutrition only 91 (14.2)

Mixed (enteral and total parenteral 408 (63.6)

nutrition)

Unknown 4 (0.6)
Blood or cerebral spinal fluid-confirmed 133 (20.7)
positive culture
Median (IQR) number of total serum 2.0 (1.0-2.0)
bilirubin levels per infant
Death 55 (8.6)

All data are presented as a number (%) unless otherwise indicated.
®Maternal age missing in <1% of cohort.
PIncludes infants both DAT+ and DAT—.
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born at 24%7 to 28%” weeks’ gestation.

decreased with time since birth at the 40th, 50th, and 75th
percentiles; however, this change was not statistically significant
at the 95th percentile (p=0.50; Table 2). Estimated pre-
phototherapy TSB percentiles peaked at 53.8h of age for the
40th percentile, 55.8 h for the 50th percentile, 63.6 h for the 75th
percentile, and beyond 72 h of age for the 95th percentile (Table 2
and Fig. 1).

Pre-phototherapy TSB levels by gestational age groups
Among infants born at 24%7 to 25%7 weeks' gestation, pre-
phototherapy TSB percentiles at 24 h of age from birth were 95.0
pumol/L (95% Cl, 91.0-101.0) at the 75th percentile and 120.3 umol/
L (95% Cl, 111.1-127.8) at the 95th percentile (Table 3). Among
those born at 26”7 to 27%7 weeks, the corresponding respective
levels were 104.4 umol/L (95% Cl, 101.8-108.4) and 128.3 umol/L
(95% Cl 119.7-131.9) (Table 3). For those born at 28”7 to 28%”
weeks’ gestation, the 75th percentile value was 109.9 pmol/L (95%
Cl, 106.2-115.0), and the 95th percentile value was 139.0 umol/L
(95% Cl, 134.0-147.3) (Table 3).

Derived pre-phototherapy TSB percentiles compared with
Maisels’ published thresholds

Among infants born at both 24%” to 25%7, 26%7 to 27%”, and 28”° to
28%7 weeks' gestation, our statistically derived pre-phototherapy
TSB levels at the 75th and 95th percentiles were higher at 24 h than
Maisels’ published threshold (Table 3).

Phototherapy administration among all infants

Overall, 615 infants (95.8%) subsequently received phototherapy,
of which 76.6% had started therapy by 36 h of age (Fig. 2). Among
these 615 infants, phototherapy was initiated at a mean (SD) of
31.2 (16.2) hours of age and at a mean TSB level of 104.5 (25.0)
pmol/L.

Of the 615 infants who were started on phototherapy, three
infants were excluded from the analysis below as their last
available TSB level was >12 h from the initiation of phototherapy.
Among the 612 analyzed infants, 183 (29.9%) were started on
phototherapy at a TSB concentration below Maisels’ published
threshold.® Characteristics were similar between newborns who
had phototherapy initiated below and above Maisels’ published
threshold® (Supplemental Table S1). For each subsequent 12h
time interval, the proportion of infants administered phototherapy
below Maisels’ threshold decreased significantly with hours of age

SPRINGER NATURE
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Hour-speciﬁc/;)re-phototherapy total serum bilirubin percentile curves estimated based on data from 642 extremely preterm infants

of phototherapy initiation since birth. (Cochran—Armitage trend
test p < 0.01; Table 4).

DISCUSSION
In this Canadian retrospective cohort study of extremely preterm
infants born at 24%” to 28%7 weeks’ gestation, pre-phototherapy TSB
percentiles were generated for the first 72 h from birth. Given the
higher frequency and earlier initiation of phototherapy among this
population, pre-phototherapy TSB percentiles at 24h were then
contrasted with Maisels’ currently published consensus-based
threshold for phototherapy initiation. At higher percentiles (i.e,
75th and 95th percentiles), there was a notable difference between
Maisels’ consensus-based threshold and our study’s generated 24 h
pre-phototherapy TSB percentiles. Furthermore, 95.8% of extremely
preterm infants were administered phototherapy, and 76.6% were
started on phototherapy by 36 h of age. Among those infants who
went on to have phototherapy, overall, 29.9% were started on
phototherapy below Maisels’ published threshold,® especially
among infants who had phototherapy initiated at <12 h of age.
This is the first study to report hour-specific pre-phototherapy TSB
percentiles in extremely preterm infants and to compare them to
Maisels' consensus-based published threshold.® This is also one of
the first studies to report the proportion of infants who started
phototherapy below Maisels’ published threshold.® A previous study
on phototherapy administration below published thresholds
(referred to therein as “subthresholds”) was limited to term and
near-term infants and was focused on longer hospital length of stay
as a consequence of subthreshold phototherapy.® The only other
North American study on phototherapy in preterm infants was
limited to reporting on the frequency and duration of phototherapy
and the median TSB level immediately preceding phototherapy.’
Our study'’s statistically derived TSB percentile levels at 24 h of
age were notably different from Maisels’ lowest consensus-based
published threshold.® Among the 279 infants who started on
phototherapy between 24 and 30h of age, 55.2% and 87.8%
would hypothetically have not received phototherapy within that
time point had our study’s 75th or 95th percentile cut-points been
used instead, respectively (Supplemental Table S2). These
hypothetical estimates of the number of infants not starting
phototherapy based on our cut-points are also appreciably greater
than the 29.7% figure based on Maisels’ lowest threshold
(Supplemental Table 52).° Certainly, these notable differences do
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Fig. 2 Proportion of the 615 extremely preterm infants born at 24%7 to 28°%7 weeks’ gestation who subsequently received phototherapy

after birth.

not account for the many factors that might influence the decision
to initiate phototherapy in an extremely preterm infants or the
possibility that phototherapy might otherwise be initiated soon
after the 24-30h of age interval used in this exercise—factors
beyond the scope of the current study. Nevertheless, these finding
provide novel Canadian data on pre-treatment TSB in extremely
preterm infants, for experts to consider patterns of pre-
phototherapy TSB levels in extremely preterm infants.

Almost all infants in this study were started on phototherapy by
36h of age, in keeping with previous reports of increased
frequency of phototherapy use in extremely preterm infants.®?’
Consistent with previous research, the estimated change in the
rate of rise of TSB levels decreased after birth.'> The potential
long-term negative consequences of early initiation or increased
frequency of phototherapy use has not been well studied in
extremely preterm infants; however, one study found that early
initiation is associated with a longer duration of phototherapy.”’
Previous studies have been limited to the negative consequences
of aggressive or intensive phototherapy in preterm infants of low
birth weight.” Among extremely preterm infants, little is known
about the potential benefits and harms of initiating phototherapy
below recommended thresholds.® Hence, more research is
needed to determine the reasons for, and impact of, administering
phototherapy below percentile-based or recommended thresh-
olds, including long-term developmental follow-up.®

This study has some limitations. First, Maisels’ published
thresholds for phototherapy initiation were based on expert
opinion and not on data directly measured in extremely preterm
infants.° As such in Canada, Maisels’ published thresholds® have
been further modified within different centers and applied at the
discretion of individual clinicians. Additionally, timing of TSB
testing was left to clinical judgment and did not include a
protocol. Accordingly, this would have resulted in considerable
practice variation within our study. As such, we did not report
clinical factors that may have impacted decisions to start
phototherapy. Notwithstanding, these recommendations have
been widely disseminated across North America. Second, some
have suggested that lower thresholds for initiating phototherapy
are needed in very ill preterm infants* The current study was

SPRINGER NATURE

limited to pre-phototherapy TSB levels and phototherapy admin-
istration. Future research should focus on differences in photo-
therapy thresholds by comorbidities and then proceed to
compare short- and long-term neonatal outcomes, accordingly.
Third, in this study, we compared our statistically derived TSB
percentiles with Maisels’ lowest TSB threshold,® typically used for
infants at high risk of neurotoxicity from severe hyperbilirubine-
mia. However, preterm infants born before 29 weeks’ gestation are
considered at higher risk of neurotoxicity from severe hyperbilir-
ubinemia. Additionally, among infants born <28 weeks’ gestation,
one previous study reported using the lower TSB threshold level
recommended by Maisels.” It should be reiterated that current
guidelines are not solely based on fixed TSB values, and the use of
the lower or higher TSB thresholds offered by Maisels also requires
consideration of newborn risk factors associated with neurotoxi-
city.® In contrast, our statistically estimated pre-phototherapy TSB
percentiles, and the differences observed with those of Maisels,
should not be used to guide treatment.® Fourth, the current study
did not describe clinical factors that may impact pre-phototherapy
TSB levels and the administration of phototherapy below or above
Maisels’ threshold.® The scope of this study was to statistically
derive pre-phototherapy TSB levels for preterm infants born
extremely preterm and compare them to Maisels’ published
threshold.® Future larger studies should look at neonatal factors
and pre-phototherapy TSB levels and administration of photo-
therapy above and below Maisels’ phototherapy thresholds.®
Finally, all infants born or transferred to all three NICUs were
reviewed for inclusion in the primary analysis regardless of age in
hours from birth. This resulted in the exclusion of infants without
an accessible pre-phototherapy TSB by 72 h of age, due to the
initiation of phototherapy prior to transferring to participating
study sites or an infant transfer after 72 h of age from birth. These
excluded infants may have had different pre-phototherapy TSB
levels from the current cohort.

CONCLUSION
There is considerable variability in the initiation of phototherapy
compared to the most commonly recommended treatment

Pediatric Research (2023) 93:226 - 232
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Table 4.
intervals since birth.

Hours elapsed since birth, at which phototherapy was initiated®
<12 (n=17) 13-24 (n=133) 25-36 (n=322)
10 (58.8) 65 (48.9) 98 (30.4)

All data are presented as number (%).

37-48 (n = 74)°
7 (9.5)

Proportion of 183 infants subsequently started on phototherapy below Maisels’ published total serum bilirubin threshold,® shown in 12-h

49-60 (n = 40)°
2 (5.0)

61-72 (n=15)
1(6.7)

273 (n=11)
0 (0.0

2The proportion of infants started on phototherapy below Maisels’ published threshold® for phototherapy decreased significantly with increasing hours of age

(p<0.01).

PExcluding three infants who did not have a total serum bilirubin level measured at least 12 h before their initiation of phototherapy.

thresholds in extremely preterm infants.® In addition, we report
statistically derived pre-phototherapy TSB percentiles from birth
to 72h of age and compared 24-h pre-phototherapy TSB
percentiles with existing consensus-based phototherapy guide-
lines.® This study highlights the high frequency of phototherapy
use in infants born at 24-28 weeks’ gestation and provides a
contemporary understanding of pre-phototherapy TSB levels in
extremely preterm infants.

DATA AVAILABILITY
The datasets generated and analyzed during the current study are not publicly
available due to institutional ethics and privacy policies.

CODE AVAILABILITY

All data analyses were performed using R version 4.0.3 and SPSS 27 for macO
Codes used in the primary analysis were generated from the “quantreg” and “boot”
package in R.'*'® The Cochran-Armitage trend test was conducted using XLSTAT
version 2020.5.1.1036.2
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