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: Background All term healthy neonates are screened for jaundice before hospital

discharge as a standard clinical practice, but methods vary from clinical screen-
ing (visual inspection and/or risk factor assessment) to transcutaneous bilirubin
(TcB) or total serum bilirubin (TSB) testing, depending on the setting.

Methods This systematic review of randomized and non-randomized stud-
ies evaluated the effectiveness of universal TcB and universal TSB screening at
discharge compared to clinical screening alone for term healthy neonates. The
outcomes were neonatal mortality, readmission for jaundice, severe hyperbil-
irubinemia (>20 mg/dL), jaundice requiring exchange transfusion, and biliru-
bin-induced neurological dysfunction (BIND). We searched MEDLINE via Ovid,
EBM reviews, Embase, CINAHL, clinical trials databases, and reference lists of re-
trieved articles. Two authors separately evaluated the risk of bias, extracted data,
and synthesized effect estimates using relative risk (RR) for randomized and odds
ratio (OR) for non-randomized studies.

Results For universal TcB at discharge, we included one randomized trial enroll-
ing 1858 participants and four non-randomized studies enrolling 375956 par-
ticipants. No study reported neonatal mortality. The randomized trial suggested
that universal TcB at discharge may decrease readmission for jaundice (risk ratio
(RR)=0.24, 95% confidence interval (CI)=0.13 to 0.46; low certainty evidence)
and severe hyperbilirubinemia (RR=0.27,95% CI=0.08 to 0.97; low certainty ev-
idence), but the effect on jaundice requiring exchange transfusion (RR=0.20, 95%
CI=0.01 to 41.6) and BIND (RR=0.33, 95% CI=0.01 to 8.17) was uncertain.
Meta-analysis of non-randomized studies suggested that TcB may decrease severe
hyperbilirubinemia (odds ratio (OR)=0.25, 95%=CI 0.12 to 0.52; low certainty
evidence) and jaundice requiring exchange transfusion (OR=0.28,95% CI=0.19
to 0.42; low certainty evidence), but the effect on readmission for jaundice was
uncertain (OR=1.01,95% CI=0.38 to 2.7; very low certainty evidence). For uni-
versal TSB, we included three studies from the United States enrolling 490426
participants. The effect on severe hyperbilirubinemia (OR=0.37,95% CI=0.15to
0.88), jaundice requiring exchange transfusion (OR=0.53,95% CI=0.13 t0 2.25)
and readmission for jaundice (OR=1.01, 95% CI=0.62 to 1.67) was uncertain.

Conclusions Universal TcB at discharge may improve clinical outcomes for term
healthy neonates. Evidence for universal TSB is uncertain.

Registration PROSPERO 2020 CRD42020187279.
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Neonatal jaundice characterized by yellowish discoloration of the skin caused by hyperbilirubinemia affects up
to 60% of term neonates and 80% of neonates with a gestational age of 35 weeks or more in the first two weeks
after birth [1]. Globally, neonatal jaundice accounted for 1309 deaths per 100000 live births and 113401 dis-
ability adjusted life years (DALYs) in 2016 [2]. Severe hyperbilirubinemia, ie, serum bilirubin levels >20 mg/dL
(342 pmol/L) is a leading cause of hospitalization in the first week of life and accounts for up to 35% of hospital
readmissions in the first month of life [2]. If treatment is delayed, mortality, acute bilirubin encephalopathy,
and bilirubin induced neurological damage (BIND) with neurodevelopmental delay and disability can occur.

It is important to systematically evaluate all neonates for jaundice before they are discharged from hospital
to identify neonates who might be at risk of developing severe hyperbilirubinemia, as detection may be de-
layed or missed once the neonate is discharged [3]. While this is considered standard clinical practice and
term healthy neonates are routinely screened for jaundice before hospital discharge in most settings, differ-
ent screening methods may be used depending on the context [4]. In most low-resource settings, clinical
screening (ie, visual inspection and risk factor assessment) is commonly practiced as the first step, followed
by transcutaneous bilirubin (TcB) and total serum bilirubin (TSB) measurements as the second step if the
clinical assessment suggests significant jaundice or risk [4,5]. In higher-income settings, TcB or TSB may be
done for all neonates [5]. Available evidence suggests that clinical screening by visual inspection may not be
accurate [6,7], and even experienced neonatologists may misdiagnose babies with jaundice [8]. Assessment
of clinical risk factors also varies by setting and may not be optimal, especially in settings with high case-
loads and early hospital discharge. However, TcB and TSB screening provide objective measurements of se-
rum bilirubin levels. TcB is a non-invasive test which correlates well with serum bilirubin [9,10], while serum
bilirubin is invasive, requiring a heel prick and laboratory assessment, but is an accurate and gold standard
measure of hyperbilirubinemia.
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We conducted this systematic review to ascertain the effectiveness of universal TcB screening at discharge or
universal TSB at discharge compared to clinical screening (visual inspection and/or risk factor assessment)
for improving neonatal outcomes.

METHODS

This systematic review was registered in the PROSPERO database (PROSPERO 2020 CRD42020187279).
We defined two study questions using the Patient, Intervention, Comparison, Outcome (PICO) framework:

- Study question 1: neonates (gestational age >35 weeks at birth) without complications (P); universal screen-
ing for jaundice by TcB (I); clinical screening (visual inspection and/or risk factor assessment) (C); neonatal
outcomes (O).

- Study question 2: neonates (gestational age >35 weeks at birth) without complications (P); universal screen-
ing TSB (D); clinical screening (visual inspection and/or risk factor assessment) (C); neonatal outcomes (O)

Types of studies

We included randomized (cluster-randomized or quasi-randomized) and non-randomized studies that com-
pared universal TcB or TSB to clinical screening (visual inspection or risk factor assessment) in human neo-
nates. We also planned to compare universal TSB with universal TcB if any study was found. Crossover trials
were excluded. For both comparisons, ie, universal TcB vs clinical screening and universal TSB vs clinical
screening, the intervention and the control groups could receive further investigations based on the initial
assessment.

Types of participants

Our review focused on term (=37 weeks of gestation) healthy neonates, ie, neonates without any complica-
tions or illness during birth hospitalization. However, we did not exclude studies that enrolled late preterm
neonates (ie, gestational age >34 weeks) or neonates with clinical risk factors for jaundice if they were oth-
erwise well. Studies that enrolled neonates with visible jaundice or only preterm neonates were excluded.

Types of interventions

Universal TcB or TSB was defined as TcB or TSB done for all neonates before discharge from hospital, irre-
spective of the presence of a clinical risk factor for hyperbilirubinemia. The TcB could be done using any
standard TcB device, and TSB could be done using any standard laboratory method.
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Type of comparisons

The clinical screening could be visual inspection alone or combined with assessment of risk factors. This could
be followed by TcB or TSB if required. The registered protocol on PROSPERO specifies two different compari-
sons as visual inspection alone (comparison 1) and risk factor assessment (comparison 2). We combined these
two comparisons into one as “clinical screening” as we did not identify any studies that considered risk factors
alone for screening purposes to determine whether or not a TcB or TSB would be done.

Types of outcome measures

The studies must have reported at least one outcome of interest: neonatal mortality, hospital readmission for
jaundice, severe hyperbilirubinemia (serum bilirubin level 220 mg/dL or 342.1 pumol/L), kernicterus or bili-
rubin-induced neurological dysfunction (BIND), jaundice requiring exchange transfusion, or neurodevelop-
mental outcome. We also recorded any reported side-effects of screening.
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Search methods for identification of studies

An experienced information specialist (CS) designed a comprehensive search strategy in consultation with the
review authors. This strategy covered MEDLINE via Ovid, Cochrane CENTRAL, Embase, and CINAHL, up-
dated by December 31, 2021. Clinical trials databases, reference lists of retrieved articles, and grey literature,
including related conference proceedings (eg, Pediatric Academic Societies abstracts), were also searched for
any eligible studies. The details of the search strategy are provided in the Online Supplementary Document.

The databases were searched independently by two review authors (FK and SR). Any discrepancies between
the two reviewers were resolved by a third reviewer (SG). Searches were limited to human studies. There were
no language restrictions.

Data collection and analysis

Two authors independently extracted the data (FK and SR). Data extraction was done using a data extraction
form that was designed and pilot tested by the review authors. The authors extracted information regarding
design, methods, participants, interventions, outcomes, and treatment effects from each included study. We
discussed disagreements until we reached a consensus. If data from the published reports were insufficient,
their authors were contacted for clarification.

Assessment of risk of bias

Two review authors (SG and SR) independently assessed the methodological quality of the included studies
using the Cochrane risk of bias tool for randomized studies (RoB 2.0) and the risk of bias in non-randomized
studies of intervention (ROBINS-I) tool for non-randomized studies [11,12]. Any disagreements between the
review authors were resolved by mutual discussion.

Statistical analysis

The meta-analysis was performed using RevMan (ver 5.4). Relative risk (RR) estimates for randomized and
odds ratio (OR) estimates for non-randomized studies and their 95% confidence intervals (CI) were calculat-
ed when not provided by the study. If available, adjusted effect estimates provided by the studies were used.
When the included studies provided only adjusted estimates without event rates in individual groups, the ge-
neric inverse variance method was used to calculate the pooled effect size and the participant numbers were
entered manually where available.

We examined the heterogeneity between study results by inspecting the forest plots and quantifying the im-
pact of heterogeneity using the I* statistic. If the I? statistic was <60%, we used the fixed-effect model; if the
I was >60% or P was <0.1, we explored the possible causes of heterogeneity. If there was no obvious clinical
heterogeneity, we used the random-effects model for meta-analysis. We used the GRADE pro software to cal-
culate the certainty of evidence. [13] We analysed and graded the evidence from randomized and non-ran-
domized studies separately.

RESULTS

Search results are shown in Figure 1. For comparison 1, ie, universal TcB screening, we identified a total of six
studies that compared universal TcB at discharge with clinical screening. Of these, five studies were included
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Figure 1. PRISMA flowchart for both comparisons.

in the final analysis, as one study performed daily TcB in hospital and post-discharge in the community and
was summarized separately [14]. One large ongoing trial which seeks to compare universal TcB as the inter-
vention was also identified [15]. For the second comparison, ie, universal TSB, three studies were identified
that compared universal TSB with clinical screening.

The characteristics of the included studies are provided in Table 1 (comparison 1) Table 2 (comparison 2).
The details of excluded studies are provided in table S1 in the Online Supplementary Document. One ret-
rospective cohort study [19] contributed to both comparisons: it reported results from 11 hospitals, four of
which adopted universal TcB screening policies, five adopted universal TSB screening policies, and two did
not adopt either. The effect estimates for hospitals implementing universal TcB and TSB screening were report-
ed separately. The effect estimates for the four hospitals using universal TcB screening and for the five hospi-
tals using universal TSB screening were included in comparison 1 and 2, respectively. GRADE tables for both
comparisons are available in the Table S2 in the Online Supplementary Document.

Comparison 1: Universal transcutaneous bilirubin at discharge vs clinical screening

Included studies

Five studies with 377 814 participants were included in the comparison of universal TcB at discharge compared
to clinical screening alone. One study was a randomized trial from South Africa which enrolled 1858 partic-
ipants [16] and four were retrospective cohort studies enrolling 375956 participants from the United States.
[17,18,20]. The studies were hospital-based and enrolled babies from well-baby nurseries.
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Table 1. Characteristics of included studies for comparison 1 — universal transcutaneous bilirubin at discharge vs clinical screening

Okwundu, 2020 [16]

Setting

Hospital; Well-baby nurseries at Tygerberg Hospital, tertiary health care institution in Western Cape Province, Cape Town, South Africa.

Study design

RCT

Participants

Inclusion criteria: gestational age of at least 35 weeks and a birthweight of at least 1800 g, age <72 h old. Exclusion criteria: none specified.

Intervention

Pre-discharge TcB screening at the time of discharge followed by TSB if required. TcB level measured once pre-discharge using the JM-105
Jaundice Meter (Drager Medical, UK). An average of 3 readings was plotted on Bhutani’s hour-specific nomogram to determine the risk zone
for hyperbilirubinemia. TSB was obtained for all infants in high-risk group to decide need for phototherapy while babies in high-intermedi-
ate-risk, low intermediate- risk and low-risk groups were asked to attend follow-up at a primary health care centre closest to their home at
24, 48, and 72 h, respectively, after discharge.

Comparator

Visual inspection at the time of discharge followed by TSB if required. The neonates were visually assessed for jaundice by admitting phy-
sician at the same time as TcB (at the time of enrolment); the presence of tissue yellowness was assessed by blanching the skin over the gla-
bella and sternum. Venous blood samples for TSB measurement were only collected in infants who were clinically jaundiced or in those of
rhesus D-negative mothers, according to the hospital protocol. The need for phototherapy was determined based on the TsB result. Neo-
nates whose TSB value met the threshold for phototherapy according to the SA phototherapy guideline, were kept for such therapy before
discharge home. Babies who did not meet the threshold for phototherapy and who were not visibly jaundiced at the time of discharge, were
managed routinely. The mothers were asked to return with their neonates for follow-up assessments at the primary health care facility clos-
est to their home within 2 d of hospital discharge.

Outcomes

Primary outcome: readmission for jaundice requiring phototherapy or exchange transfusion. Secondary outcomes: Phototherapy before hos-
pital discharge, incidence of severe hyperbilirubinemia, critical hyperbilirubinemia or exchange transfusions and duration of hospital stay
for those who were readmitted. Additionally, the rate of phototherapy before discharge was measured during hospitalization for the birth.
Outcomes readmission for phototherapy, incidence of severe hyperbilirubinemia and duration of hospital stay were determined electron-
ically through the database and by obtaining the infants files and electronic patient record transcripts from the hospital or primary health
care centre where the baby was readmitted.

Methods

RCT. Allocation concealment: computer-generated allocation sequence sealed in sequentially numbered sealed opaque envelopes that were
opened after informed consent was obtained. Blinding of treatment assignment: No blinding. Blinding of outcome measurement: blinded
(outcome assessors and statisticians). Completeness of follow-up: Complete, no lost to follow up.

Notes

Alkalay, 2010 [17]

Setting Well Baby Nursery at Cedars-Sinai Medical Center, UCLA, Los Angeles, California, USA.

Study design  Retrospective cohort

Participants ~ Neonates of gestational age of >34 weeks in the Well Baby Nursery.

Intervention Universal neonatal hyperbilirubinemia screening in the Well Baby Nursery using transcutaneous bilirubin analyzer (BiliCheck, Philips Res-
pironics, Marietta, GA). All neonates underwent screening for bilirubin prior to their discharge. July 1 2007 to June 30, 2008.

Comparator Prior to 2003, no universal screening. Not clear if it was visual inspection alone or visual inspection along with consideration of clinical risk
factors.

Outcomes Readmission rates to the paediatric ward and the NICU of neonates with neonatal jaundice between the academic years 2002 and 2007.

Methods Before and after study (retrospective)

Notes N/A

Flynn 2017 [18]

Setting Hospital; Healthy newborn nursery of a community hospital in Fredericksburg, Virginia, south of Washington, DC.
Study design  Retrospective cohort
Inclusion criteria: all neonates greater than or equal to 35 weeks’ gestation admitted to the newborn nursery during the two separate six-week
Participants ~ periods were included in the study. Exclusion criteria: Neonates with ABO incompatibility as confirmed with a positive Direct Antibody Test
(DAT) test or Neonatal intensive care Unit (NICU) admission for greater than six hours of transitional care.
All neonates before discharge had a risk assessment and screened with a TcB or TSB to determine the risk of developing severe hyperbiliru-
binemia. Neonates determined to have significant hyperbilirubinemia after being plotted on the AAP hour-specific nomogram were evalu-
) ated for the need for phototherapy or close primary care provider (PCP) follow-up. Neonates met criteria for phototherapy treatment based
Intervention . o 1
on the age in hours of life, risk factor assessment, and above or within 1 mg/dL below the AAPs phototherapy nomogram level to treat. Neo-
nates discharged before 72 h of life were required to have a discharge follow-up within 48 h. Neonates with risk factors for the development
of hyperbilirubinemia were required to have a 24-h PCP follow-up or a bilirubin drawn within 24 h of discharge.
Comparator Nurses randomly checked a newborn’s TcB when obtaining a metabolic screening test. A confirmatory TSB was required, per hospital pro-
tocol, on TcB in the high-intermediate or high-risk zones when appropriately plotted on the hour specific nomogram.
Outcomes Total number of TSBs obtained on all neonates during their birth hospitalization, increase in “appropriate use of phototherapy”, Addition-
al hospital days of stay.
A pre- and post-implementation study comparing two groups from two six-week periods. Retrospective chart reviews were conducted on
Methods . o A, s
the same six-week period in the years 2011 (pre-guideline) and 2012 (post-guideline).
Notes

Kuznewicz, 2009 [19]

Hospital: eleven hospitals of the Northern California Kaiser Permanente Medical Care Program, of which 4 adopted universal TcB screening

Setting policies, 5 adopted universal TSB screening policies, and 2 had not adopted either as of June 2007.
Study design  Retrospective cohort study
Participants ~ Neonates of gestational age of >35 weeks and birth weight were >2000 g in the Well Baby Nursery.
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Khurshid et al.

Table 1. Continued

Universal neonatal hyperbilirubinemia screening in the Well Baby Nursery using transcutaneous bilirubin analyzer (BiliCheck, Philips Respi-
ronics, Marietta, GA). All neonates underwent screening for bilirubin prior to their discharge; initiation of universal screening in October 2005.
As reported in paper — bilirubin screening before discharge, with either TcB or TSB measurements. TcB measurements must be confirmed
with TSB measurements if the TcB level is 215 mg/dL or if the TcB level plus 3 mg/dL is above the 2004 AAP phototherapy treatment line

Intervention

Comparator  As reported by author by email correspondence — no universal screening, selective TSB (if indicated by visual inspection OR TcB).

Readmissions rates to the Pediatric Ward and the Neonatal Intensive Care Unit (NICU) of neonates with neonatal jaundice between the ac-

Outcomes ademic years 2002 and 2007.
Methods Historical cohort study
Notes The study does not report participant numbers separately for hospitals which adopted universal TcB screening but does report the adjusted

odds ratio for the various outcomes of interest for the hospitals that adopted universal TcB screening.
Wickeramasinghe, 2012 [20]
Setting Hospital: level 1 (well-baby) nursery at the Rochester Methodist Hospital, Mayo Clinic, Rochester, Minnesota, USA
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Study design  Retrospective cohort

Participants ~ Gestational age of >36 weeks discharged from well-baby (level 1) nursery

Pre-discharge TcB screening for all infants using BiliChek (Respironics, Marietta, GA, USA) device. Before each measurement by a trained
nurse. The BiliChek device was calibrated with a disposable tip (BiliCal). TcB values were adjusted by subtracting 1 mg/dL to obtain the
optimal balance of sensitivity and specificity for screening. TcB values were then plotted on a web-based version (http://www.Bilitool.org)
of the hour-specific serum nomogram described by Bhutani et al. to determine the risk for hyperbilirubinemia. Infants with adjusted TcB

Intervention  levels in the HIR (>75th percentile) and HR (=95th percentile) zones had a confirmatory TSB drawn, with subsequent TSB measurements
obtained at the discretion of the treating health care provider. Infants with HIR and HR TSB values before hospital discharge had a repeat
TSB ordered just before their first outpatient follow-up visit. Infants with adjusted TcB levels in the low-risk or low-intermediate risk zones
were discharged without a TSB level unless there were other clinical risk factors for hyperbilirubinemia; these infants had outpatient TSB
measurements only if deemed necessary by the treating outpatient provider.

Comparator  Clinical judgement of attending physicians

Not classified as primary and secondary. Overall — the number of bilirubin blood draws, the number of infants requiring phototherapy and

Outcomes the total newborn infant census for each month were obtained from medical record review.
Methods Before and after study (retrospective)
Notes All infants during periods 1 and 2 had follow-up outpatient visits scheduled between 2-5 d after discharge from the nursery. TcB measure-

ment was not performed clinically in the outpatient setting.

RCT — randomized controlled trial, TSB — total serum bilirubin, TcB — transcutaneous bilirubin, g — grams, NICU — neonatal intensive care unit, HIR — high
intermediate risk, HR — high risk

Table 2. Characteristics of included studies for comparison 2 — universal total serum bilirubin vs clinical screening
Eggert, 2006 [21]

ST[tlgyO[ the The Effect of Instituting a Prehospital-Discharge Newborn Bilirubin Screening Program in an 18-Hospital Health System
Setting 18-hospital health system, Intermountain Health Care, Salt Lake City, Utah
Study design Historic cohort study. Involved all neonates delivered at >35 weeks’ gestation, within Intermountain Health Care’s 18-hospital system, during

2 periods of time: March 1, 2001, to December 31, 2002, and January 1, 2003, to December 31, 2004.

Participants  All neonates delivered at gestational age of >35 weeks

A universal bilirubin screening program, TcB or TSB measurement on every neonate either at the recognition of clinical jaundice or before
discharge, regardless of whether jaundice was observed: sixteen of the 18 hospitals used pre-discharge TSB. >99% of neonates had at least
1 pre-discharge bilirubin level measured if they were cared for in 1 of the 16 hospitals that screened for significant hyperbilirubinemia by
quantifying serum bilirubin levels. For non-jaundiced neonates, the nursery staff was encouraged to obtain the screening TSB at the same
time they obtained the state-mandated newborn screen for inborn errors of metabolism. TSB levels were measured in each hospital’s clinical
laboratory as “bilirubin, neonatal” with Vitros 950 and 250 clinical chemistry analysers, (Ortho-Clinical Diagnostics, Rochester, New York
State). Remaining two hospitals used pre-discharge TcB as primary method. These two hospitals used a screening jaundice meter for trans-
cutaneous estimation of bilirubin levels (BiliChek; SpectRx Inc, Norcross, Georgia). Bilirubin values were plotted on an hour-specific biliru-
bin nomogram. If a bilirubin value plotted above the 40th percentile curve, the care provider was notified and intervention, evaluation, and
follow-up was arranged as deemed necessary.

Intervention

Comparator  The screening/management in pre-intervention group is not clear, but it was not universal screening as <20% neonates received TSB screening.

Readmission for jaundice; severe hyperbilirubinemia (>20 mg/dL) and readmission to the hospital for treatment of hyperbilirubinemia. Bili-
rubin nomogram was modified in the initial months of the post-implementation period. “During the first months of the program, it seemed
that an inordinately high number of neonates had bilirubin values in the intermediate- and high-risk zones of the Bhutani et al nomogram,

Outcomes 22 particularly when evaluated between 24 and 48 hours of age. Therefore, the 40th, 75th, and 95th percentiles of the hour-specific TSB
values of the initial 4518 neonates screened between December 2002 and March 2003 were calculated and this population-specific data
were used to modify the percentile tracks of the bilirubin nomogram. These modified percentile tracks were incorporated into the predic-
tive nomogram of IHC’s bilirubin risk chart.”

Bhutani, 2006 [22]

Title A Systems Approach for Neonatal Hyperbilirubinemia in Term and Near-Term Neonates

Settings Semiprivate urban birthing hospital.
Observational study. Included 41961 live births at a large urban hospital from January 1, 1990, to December 31, 2000; 31059 of these in-
fants were discharged from the well-baby nursery as term and near-term healthy neonates.

Study design
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Table 2. Continued

Participants

Gestational age of >36 weeks discharged from the well-baby (level 1) nursery. 31 059 well babies discharged as healthy from a cohort of
41961 live births (1990-2000). Term infants were defined as infants who were >38 weeks gestation. Near-term infants were those with <38
weeks gestation but had a BW of greater than or equal to 2000 g for 36 or more weeks gestation or BW>2500 g for 35 or more weeks ges-
tation. Exclusion criteria were: L BW preterm infants admitted to well-baby nursery and any infant admitted to and treated in the intensive
care nursery for neonatal illness were excluded because of potential confounding effects on newborn jaundice and these infants do not meet
the strict definition of a well-baby.

Intervention

and compar-
ator

Incremental implementation of a systems approach that incorporated a hospital policy to a) authorize nurses to obtain bilirubin (total serum/
transcutaneous) measurement for clinical jaundice, b) universal pre-discharge total serum bilirubin (at routine metabolic screening), and c)
targeted follow-up, using the bilirubin nomogram (hour- specific, percentile-based total serum bilirubin/ transcutaneous bilirubin). Study
phases: 1) Selective TSB measurement with MD orders (1990-1992). 2) Universal TSB (pre-nomogram)- unfettered nursing access to TSB
orders; individualized lactation support (1993-1995). 3) Universal TSB (post-nomogram)- Lactation support program developed; nursing
and parent education program for newborn jaundice (1996-1998). 4) Systems-based approach: implementation of all components (1999-
2000). Phase 1 was considered as the “comparator” arm and Phases 2-4 above were considered as the “intervention” arm.

The study sought to determine the known adverse outcomes before, during, and after systems approach implementation. We used the out-
come of hospital-based intensive phototherapy. This included either pre-discharge or readmission treatment. All study cohort babies had

Outcomes pre-discharge TSB levels obtained at the same time as the routine metabolic screen. In some, earlier TSB values had been obtained because
of visual recognition or suspicion of jaundice. Hospital-based phototherapy was initiated at the discretion of the paediatrician. Unless mod-
ified for specific clinical reasons, guidelines for phototherapy published by the AAP (1994) were used

Notes Implementation of the intervention took place as routine clinical practice. Data from two phases of implementation of universal screening

was considered together in the current review

Kuznewicz, 2009 [19]

Hospital: eleven hospitals of the Northern California Kaiser Permanente Medical Care Program (NCKPMCP), four of which adopted univer-

Seuting sal TcB screening policies, five adopted universal TSB screening policies, and two had not adopted either as of June 2007.
Study design  Retrospective cohort study
Participants ~ Neonates of gestational age of >34 weeks and BW was >2000 g in the Well Baby Nursery
Intervention ~ Universal neonatal hyperbilirubinemia screening in the Well Baby Nursery using TSB
As reported by the author through email correspondence — no universal screening, selective TSB (if indicated by visual inspection OR TcB).
Comparator  As reported in paper — bilirubin screening before discharge, with either TcB or TSB measurements. TcB measurements must be confirmed
with TSB measurements if the TcB level is =15 mg/dL or if the TcB level plus 3 mg/dL is above the 2004 AAP phototherapy treatment line.
Outcomes Readmissions rates to the Pediatric Ward and the NICU of neonates with neonatal jaundice between the academic years 2002 and 2007.
Methods Historical cohort study
Notes The study does not report participant numbers separately for hospitals which adopted universal TSB screening but does report the adjusted

odds ratio for the various outcomes of interest for the hospitals that adopted universal TSB screening,

RCT - randomized controlled tiral, TSB — total serum bilirubin, TcB — transcutaneous bilirubin, g — grams, BW — birth weight, MD — medical doctor, AAP —
American Academy of Pediatrics, NICU — neonatal intensive care unit

Participants

All studies included a combined population of late preterm and term neonates. Three studies included neo-
nates with GA>35 weeks [16,18,19] and one study each included neonates 234 weeks. [17] and 236 weeks
of gestation [20]. Two studies also had the additional criteria of birth weight (BW); Okwundu et al. included
neonates with a BW=1.8 kg and Kuznewicz et al. included those with a BW=2 kg [16,19].

Intervention

All studies performed TcB screening before discharge on all babies [16,17,19,20]. In one study [18], TcB was
done for all neonates at discharge (if it had not been done before) because of visible jaundice or the presence
of clinical risk factors. The TcB was done using the BiliChek device (Respironics, Marietta, GA, USA) in two
studies [17,20], the JM-105 Jaundice Meter (Drager Medical, UK) in one study [16], and two studies did not
specify the device used [18,19].

The protocol for performing TSB following universal TcB screening varied across studies. One study obtained
a TSB for all neonates in the “high-risk zone” based on an hour-specific TSB nomogram [16]. One study ob-
tained a TSB on all infants at the time of the TcB [18], another if adjusted TcB (TcB levels minus 1 mg/dL) was
in the high-intermediate risk (>75th percentile) or high-risk (=95th percentile) zones on the American Acad-
emy of Pediatrics (AAP)/Bhutani hour-specific nomogram [20]. One study obtained a TSB for TcB levels =12
mg/dL [17], and one if the TcB value was >15 mg/dL or within 3 mg/dL of the AAP phototherapy level [19].

Comparison

Clinical screening comprised visual inspection and/or risk factor assessment. The studies specified this variably
as visual inspection (TSB was also obtained for babies with rhesus D-negative mothers) [16], “clinical judg-
ment” [20], selective TSB (if indicated by visual inspection or TcB or positive Direct Antibody Test (DAT) in
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Khurshid et al.

babies born to mothers with blood type O, Rh-negative or positive antibody screen) [19], personal communi-
cation with the author, and “random” TcB [18]. The study by Flynn et al. was included even though the com-
parison was a random TcB since it could still be considered a “non-universal” screening [18]. The comparison
was unclear for one study, but it was not universal screening [17].

Risk of bias in included studies

A summary of the risk of bias assessment in the five included studies is depicted in Figure S1 in the Online
Supplementary Document [16]. Some concerns of deviation from the intended interventions were noted in
the RCTs, as blinding was not possible, and in the measurement of the outcome, as all neonates were not sub-
jected to an objective evaluation for jaundice at readmission. Additionally, TSBs were done at the discretion of
doctors at various primary health centres.
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Three of the four non-randomized studies were at serious risk of bias [17,18,20] because they did not adjust
for potential confounders. Two studies did not provide clear information on the denominators, and one had
a potential deviation from intended interventions as universal TcB was done as part of routine clinical im-
plementation and the intervention application could vary due to changes in clinical practices with time. One
study was considered to be at high risk of selective reporting because it was a retrospective study and only one
outcome was reported.

Outcomes

None of the studies reported the outcome of neonatal mortality. Readmission for jaundice was reported by
all five studies. The outcomes of severe hyperbilirubinemia and jaundice requiring exchange transfusion were
reported by two studies and was measured during readmission in one study [16] and in the first month after
birth in the other. [19] One study reported BIND [16].

Effects of interventions

None of the included studies reported the outcome of neonatal mortality.

Readmission for jaundice

One randomized trial reported that universal TcB at discharge reduced readmission for jaundice (1858 neo-
nates; OR=0.24, 95% CI=0.13 to 0.46; low certainty evidence). A meta-analysis of non-randomized studies
(Figure 2) reported that the effect was uncertain (four studies, 33467 neonates; OR=1.01, 95% CI=0.38 to
2.70; very low certainty evidence).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Kuzniewicz 2009 07514 00479 285% 212[1.93,2.33] 2008 =
Alkalay 2010 -0.9416 02269 27.0% 0.39[0.25,0.61] 2010 —
Wickremasinghe 2012 03365 03117 257% 1.40[0.76,2.58] 2012 i
Flynn 2017 -0.1868 0.6762 18.8% 0.83[0.22,3.12] 2017 ——

Total (95% CI) 100.0% 1.01[0.38, 2.70] -’-

Heterogeneity: Tau®= 0.88; Chi*= 56.08, df= 3 (P < 0.00001); F= 95% t t T } }

Testh Il effect: Z= 0.02 (F = 0.98 0.02 0.1 1 10 &0
estforoverall effect: 2=10.02 (F=10.99) Favours [Universal TcB] Favours [Visual insp]

Figure 2. Forest plot for comparison 1 — universal transcutaneous bilirubin vs clinical screening-outcome readmission for jaundice.

Severe hyperbilirubinemia (serum bilirubin >20 mg/dl or 342.1 pmol/L)

One randomized trial found that universal TcB at discharge decreased the proportion of neonates with severe
hyperbilirubinemia (one trial, 1858 neonates; RR=0.27, 95% CI=0.08 to 0.97; low certainty evidence) and
non-randomized studies also found a reduction (one study, 358 086 neonates; RR=0.25, 95% CI=0.12 to
0.52; low certainty evidence).

Jaundice requiring exchange transfusion

One RCT reported that the effect was uncertain (one trial, 1858 neonates; RR=0.20, 95% CI=0.01 to 4.16;
very low certainty evidence). However, the non-randomized study revealed that universal TcB at discharge re-
duced the proportion of neonates with jaundice requiring exchange transfusion (one study, 358 086 neonates;
OR=0.28,95% CI=0.19 to 0.42; low certainty evidence).
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Universal screening of neonatal hyperbilirubinemia

Only one randomized trial reported the outcome of kernicterus/BIND and the effect was uncertain (one trial,
1858 neonates; RR=0.33, 95% CI=0.01 to=8.17; very low certainty evidence) [16].

Neurodevelopmental outcomes and side effects of screening were not reported in any of the included studies.

None of the studies provided a subgroup analysis for any outcome by gestational age to allow separate analy-
sis for term neonates only. The summary of findings tables are shown in Figure 3 (randomized studies) and
Figure 4 (non-randomized studies).

Patient or population: Late preterm or term neonates (GA >34 weeks at birth)
Setting: Hospitals

Intervention: Universal TcB at discharge

Comparison: Clinical screening

Ne of No. of participants Effect

participa Certainty (95% CI)
Outcomes nts of evidence

(studies) (GRADE) Universal Clinical screening Relative
TcB

Absolute

12/929 48/929

Readmission for 1858 21::10]®) (1.3%) (5.2%) %"‘lg'f: 39 fewer per 1,000
jaundice (1 RCT) LOWab 0.46) (45 fewerto 27
? fewer)
Severe
g?;ﬁ‘g{l‘i‘:;gma 1858 eaQ0 3/929 11/929 Rglog'f"' 9 fewer per 1,000
(RCT)  LOW=c  (03%) (12%) 008t (11 fewerto 0
>20 mg/dl or 342.1 0.97)
fewer)
pmol/L)
Jaundice requiring 1858 -10]00)] 0/929 2/929 RR0.20 2 fewer per 1,000
exchange (1 RCT) VERY LOW (001to4 (from 2 fewerto?7
transfusion** acd .16) more)
Bilirubin induced 1858 - 10]00)] 0/929 1/929 RR 0.33
neurological (1 RCT) VERYLOW (0.0%) (0.1%) (0.01 to 1 fewer per 1,000
dysfunction *¥ aed 8.17) (1 fewer to 8 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% CI).

**().5 is added to all cells to calculate RR (Pagano & Gauvreau, 2000; Deeks & Higgins, 2010)

CI: Confidence interval, RR: Risk ratio; OR: Odds ratio

1.1.1.1 Explanations
a. Most of the pooled effect provided by studies at moderate risk of bias
b.  Single study with sample size calculation based on 50% reduction with 80% power, downgraded
considering the fragility of this result
¢. Less than 30 events
d.  Wide confidence interval crossing the line of no effect.

Figure 3. Summary of findings (SOF) for randomized study (comparison 1: universal transcutaneous bilirubin vs clinical
screening).

Comparison 2: Universal transcutaneous bilirubin vs clinical screening

Included studies

For the comparison of universal TSB at discharge, two retrospective cohort studies [19,21] and one observa-
tional study [22] enrolling a total of 490426 neonates were included. All were conducted in the United States.

Participants

All three studies included neonates with gestational age 235 weeks (490426 neonates). Two studies also had
birthweight as an additional criterion. Neonates were included if birthweight was >2000 g in one study (358086
neonates) and >2000 g if born at 236 weeks, or 22500 g if born at 235 weeks (31 059 neonates). Two studies
included all neonates discharged from the well-baby nursery [19,22] and one study included all live births [21].
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Khurshid et al.

Patient or population: Late preterm and term neonates (GA >34 weeks at birth)
Setting: Hospitals

Intervention: Universal TcB at discharge

Comparison: Clinical screening

Ne of Certaint No. of participants*

participa y of
Outcomes nts evidence .[rj:;gr Bl sc:l::;lng
(studies)* (GRADE screening

Absolute

55/8223 89/8266 OR 1.01
(038t02.7) 11 fewer per
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Readmission for 33467

; : ? VERY 0, o 9
jaundice @sudies) | ooy, OT%) (1.1%) 27 fewer to 54
more)
Severe L0 ) vize BB 1,000
o - LO - ot bl
hyperbilirubinemi (1 study) 0.52) (7 fewer t02
a fewer)
. B 00) - . OR0.28 0 fewer per 1000
T mcn];dlce requiring _ LOW® (from 0 fewerto 0
exchange
SRS (1 study) ©.19to feye)
042)

* Participant numbers were notreported by one study, Kuzneiwicz2009 so numbers shown are only from one
study

**The risk inthe intervention group (and its 95% confidence interval) is based on the assumed riskin the
comparison group and the relative effect of the intervention (and its 95% CI). One study (Kuzneiwicz2009) did
not report participant numbers and outcomes separately for intervention and comparison groups. Since this was a
large study (n=358086), and the calculated absolute risk does not take the baseline risk from this study info
account, itmight be different from that reported

CI: Confidence interval; OR: Odds ratio; MD: Mean difference

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confidentin the effect estimate: The true effect is likely to be close to the
estimate of the effect, but there isa possibility that it is substantially dif ferent

Low certainty: Our confidence inthe effect estimate is limited: The true effect may be substantially different
from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect islikely tobe
substantially different from the estimate of effect

1.1.1.2 Explanations
Most of the pooled effect provided by studies at high risk of bias
‘Wide confidence interval crossing the line of no effect.

Statistical heterogeneity: 12 >60% or Chi2<0.05

Most of the pooled effect provided by studies at high risk of bias
Most of the pooled effect provided by studies at moderate risk of bias

spowp

Figure 4. Summary of findings (SOF) for non-randomized studies (comparison 1: universal transcutaneous bilirubin vs
clinical screening).

Intervention

Two studies evaluated universal pre-discharge TSB screening done at the time of obtaining the state-mandat-
ed newborn screening for inborn errors of metabolism [21,22] while postnatal age at obtaining universal TSB
screening was unclear in one study [19].

One historic cohort study [21] was conducted in a system with 18 hospitals, 16 of which did universal TSB
(98 634 neonates), while two performed universal TcB screening (2647 neonates). The authors, however, indi-
cated that the results obtained from the TcB measurements were not entered in the hospital system’s electronic
database used for analysis. More than 99% of the neonates cared for in one of the 16 hospitals that practised
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Universal screening of neonatal hyperbilirubinemia

universal pre-discharge TSB screening had at least one pre-discharge bilirubin level measured in the post-im-
plementation period.

The observational study [22] reported data from four different periods: 1) selective TSB measurement with
doctors” orders (1990-1992), 2) universal TSB (pre-nomogram) — unrestricted nursing access to performing
TSBs; individualized lactation support (1993-1995), 3) universal TSB (post-nomogram) — lactation support
program developed; nursing and parent education program for newborn jaundice (1996-1998), and 4) sys-
tems-based approach: implementation of all components (1999-2000). For the current review, periods two,
three, and four were considered as the “intervention” group. Universal TSB screening was done at the same
time as routine metabolic screening. irrespective of the presence of clinical risk factors (<38 weeks, haemoly-
sis, race/ethnicity, exclusive breastfeeding, family history, bruising/cephalohematoma).
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The second retrospective cohort study (358 086 neonates) was conducted in eleven hospitals [19]; data for
the five hospitals that practised universal TcB screening were included. The implementation of universal TSB
screening was considered from the time when the facility achieved screening of >95% of all neonates.

TSB was measured using the 2,5-dichlorophenyldiazonium tetrafluoroborate (DPD) diazo method (Hitachi,
747, Boehringer, Mannheim Corporation Mannheim, Germany) in one study [22], the Vitros 950 and 250
clinical chemistry analysers (Ortho-Clinical Diagnostics, Rochester, New York State) in the second study [21],
and is not described in one [19].

Comparison

In two studies, the comparison was clinical screening (visual inspection and/or clinical risk factor assessment).
Selective TSB was done (selective meaning only for infants found to be at high risk on clinical screening) in
one study [22], while the comparison was not clear in one study [21] but is likely to be clinical screening fol-
lowed by selective TSB for those at risk, as <20% of neonates had a pre-discharge TSB done in the pre-imple-
mentation period compared to >99% in the post-implementation period.

Outcomes

Readmission for jaundice was reported in two studies [19,21]. Bhutani et al. also reported readmissions, but
only during the various phases of “universal TS” intervention, therefore the data was not included [22]. Se-
vere hyperbilirubinemia was defined at 220 mg/dL in one [21] and >25 mg/dL in the second study [19]. For
jaundice requiring exchange transfusion, one study reported the odds of developing a TSB level over the 2004
AAP exchange threshold based on all TSB values from an infant’s first month of life [19]. The second study re-
ported the incidence of exchange transfusion for the failure of intensive phototherapy during the first 7 days
after birth [22].

Risk of bias in included studies

A summary of the risk of bias assessment in the three included studies is depicted in Figure S2 in the Online
Supplementary Document. Two of the three studies were at serious risk of bias as they did not adjust the re-
sults for potential confounders. One study had a moderate risk of bias as the possibility of selective outcome
reporting cannot be ruled out.

Effects of interventions

None of the studies reported neonatal mortality. The meta-analysis (Figure 5) suggested an uncertain effect
for all three outcomes, ie, readmission for jaundice (OR=1.01, 95% CI=0.62 to 1.67; very low certainty ev-
idence), jaundice requiring exchange transfusion (OR=0.53, 95% CI=0.13 to 2.25; very low certainty evi-
dence), and proportion of neonates with severe hyperbilirubinemia (OR=0.37, 95% CI=0.15 to 0.88; very
low certainty evidence). Neurodevelopment and side effects of screening were not reported by any of the in-
cluded studies. No study provided subgroup analysis by gestational age for any outcome to allow separate
analysis for term infants only.

One study [14] is summarized separately below. as it was not restricted to pre-discharge TcB. This study com-
pared universal TcB with clinical screening using a before-and-after study design, enrolling 28 908 neonates.
The study included all healthy neonates =35 weeks’ gestation in a well-baby nursery and who received univer-
sal TcB in the post-implementation period (daily TcB in hospital and post-discharge in the community) with
visual inspection by a public health nurse in the pre-implementation period. The study reported that univer-
sal TcB decreased severe hyperbilirubinemia (OR=0.45, 95% CI=0.31 to 0.65) and readmission for jaundice
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Fig. 5. Forest plots for comparison 2- Universal TSB vs. clinical screening
Fig.5a. Readmission for jaundice

0dds Ratio 0Odds Ratio
Study or Subgroup  log[Odds Ratio] ~ SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Eqgert 2006 -0.2444 00905 48.0%  0.78(0.66 0.94] 2006 L |
Kuzniewicz 2009 02624 00538 §10% 1300117, 1.44] 2009 [ |
Total (95% Cl) 100.0%  1.01[0.62, 1.67]

Heterogeneity. Tau®= 0.12; Chi=23.17, df=1 (P < 0.00001); I*= 96% : '
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Fig. 5b. Severe hyperbilirubinemia

0dds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] ~ SE Weight IV, Random, 95% Cl Year IV, Random, 95¢% CI
Egoert 2006 06173 00657 575% 054047 0.61) 2006 U
Kuzniewicz 2009 L5141 03537 425%  0.22(011,0.44] 2009 ——
Total (95% CI) 100.0%  0.37[0.15,0.88] R
Heterogeneiy: Tau®= 0.34; Chi#=6.21, df=1 (P = 0.01); F= 84% 0o 07 0 ™

Testfor overal effect 2= 215 (P=0.02) Favours [Universal TSB] Favours [Selective TSB)

Fig. 5¢. Jaundice requires exchange transfusion

0dds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio]  SE Weight IV, Random, 95% CI IV, Random, 95% CI
Bhutani 2006 02106 05719 432%  1.23(0.40,3.79)
Kuzniewicz 2009 41273 04717 56.8%  0.28(0.20,0.39] . 3
Total (95% CI) 100.0%  0.53[0.13,2.25]

Heterogeneity: Tau*= 092, Chi*=6.17, df=1 (P=0.01); F= 84%
Test for overall effect: Z= 0.86 (P = 0.39)

0.01 01 1 10 100
Favours [experimental] Favours [control]

Figure 5. Forest plot for comparison 2 — universal total serum bilirubin vs clinical screening. Panel A: Readmission for
jaundice. Panel B: Severe hyperbilirubinemia. Panel C: Jaundice requires exchange transfusion.

(OR=0.91, 95% CI=0.81 to 1.04), while the mean length of pre-discharge hospital stay remained the same
(40.8£22.3 hours in universal TcB vs 40.3£21.5 hours in the visual inspection group; mean difference=0.5
higher, 95% CI=0 to 1 higher).

The summary of findings table for comparison 2 is shown in Figure 6.

DISCUSSION

Our review suggests that universal TcB at discharge for all term healthy neonates may reduce readmission for
jaundice and severe hyperbilirubinemia but the effect on jaundice requiring exchange transfusion and BIND
is uncertain. The effectiveness of universal TSB at discharge in improving neonatal outcomes is uncertain.

There is no previous systematic review evaluating the effectiveness of universal TcB at discharge or universal
pre-discharge TSB for improving clinical outcomes of term healthy neonates. Few studies have reported clin-
ical outcomes of babies assessed with universal TcB or clinical screening approaches, but available compara-
tive studies report the benefit of TcB screening in identifying babies with higher levels of serum bilirubin [23]
and reduced need for blood sampling and cost-effectiveness [24-26]. Many studies and a recent Cochrane
review (Okwundu 2021, unpublished, personal communication with author) [27,28] show that TcB reliably
estimates TSB levels in term neonates [29] with the sensitivity and specificity of TcB cut-off values to detect
significant hyperbilirubinemia (TSB>95th percentile for age in hours) ranging from 74% to 100% and 18% to
89%, respectively [30]. There are concerns that TcB may overestimate TSB levels in babies with darker skin
colour [31,32], but the evidence for this is conflicting [10].
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Patient or population: Late preterm and term infants >35 weeks of gestation
Setting: Hospitals

Intervention: Universal TSB screening at discharge

Comparison: Clinical screening

No of No. of participants Effects (95% CI)
Certainty
iaaitsivd Universal Clinical
TSB screenin
screening g

participants
Outcomes (studies)**

Relative

Absolute

101281  @©QOQO 226/52483 268/4879

B OR1.01
0,
REatmamon 2 VERY v O3 (62t0 0 fewer per 1,000
for jaundice observational LOw »¢¢  (0.4%) 167
y : .67) (2 fewer to 4 more)

studies)

101281
: - Q ®000 634/a879 ORO37 g fewer per 1,000
hyperbilirubin b — VERY o (0.15to £
catrl observational oo 8(L3%) 88) (11 fewerto 2

studies) ’ fewer)
Jaun‘d%ce 31 0259 @ VOEE{)YO 4/8549 13/22510 OR0.53 1 fewer per 1000
requiring 2 i o - (0.13to  (from 2 fewer to 0
exchange observational LOW ¢4  (0.05%)  (0.06%) 2.25) Feswer)
transfusion studies) G )

*The risk in the intervention group (and its 95% confidence nterval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% CI). **Participant numbers were not reported by one study,
Kuzneiwicz 2009

# One study (Kuzneiwicz 2009) did not report participant numbers and outcomes separately for intervention and
comparison groups. Since this was a large study (n=358086), and the calculated absolute risk does not take the baseline
risk from this study into account, it might be different from thatreported

CI: Confidence nterval; OR: Odds ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the
estimate of the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the
estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect

1.1.1.3  Explanations

a. Studies didnot adjust for poten i al confoundin gvaria bles

b. There was a difierence in the gestational age of eligible partici pants

c. One study (Kuzneiwicz 2009) enrolled neonates >=34 weeksingeadof >=35 wee ks,as specified in the present review

d. In one study (Bhutani 2006), hospitak-based phototerapy was iniiated at the discre fonof the pediatrician, which couldbe modifiedfor clinical reasons
&. Heterogeneity in methods, staistcal heterogenefy (12) al=o high (=80%)

f. Confidence intervals around both relaiveand absolute estimates of efie ctinclude both appreciab le ben efit and appreciable harm.

Figure 6. Summary of findings (SOF) for comparison 2 — universal TSB vs clinical screening.

Alternate risk assessment approaches such as visual assessment have been shown to be less accurate and re-
liable (r=0.37 to 0.74) compared with the gold standard of laboratory serum bilirubin measurements [10].
Clinical risk factors alone or in combination with universal TcB screening have also been recommended as an
alternative approach by many professional organizations, including the AAP [5,33]. The risk of severe hyper-
bilirubinemia may be considered low if no risk factors are present and may increase with the presence of one
or more risk factors [33]. However, it is difficult to make an objective assessment, as multiple risk indices or
clinical risk factor scoring systems have been shown to have variable predictive performance when compared
to a pre-discharge TSB [34,35]. A risk prediction tool constructed using TcB and gestation for predicting sub-
sequent significant hyperbilirubinemia showed that TcB alone compared well with the combination of TcB
and risk factors, with the area under the curve (c-statistic) being 0.72 for pre-discharge TcB alone compared
to 0.58 for clinical risk factors alone and 0.75 for the combination [3]. While universal TcB may be better
than clinical screening alone for pre-discharge risk assessment, the role of routine clinical monitoring of neo-
nates for the development of jaundice during health facility stay and measurement of serum bilirubin in those
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at risk (eg, in neonates with jaundice on the first day after birth) remains critical for in-patient management
during a birth hospital stay.

A systematic assessment for jaundice at the time of discharge helps identify at-risk neonates, thus providing an
opportunity for preventive/therapeutic interventions to be initiated in a timely manner with the potential to
reduce the number of neonates needing readmission and/or developing neurotoxic levels of bilirubin. Hence,
such an assessment is recommended as essential for discharge readiness [36]. The importance of universal
screening at discharge may be understood by the fact that even in a high resource setting like Sweden, a 2016
study [37] reported the incidence of kernicterus as 1.3 per million live births; among the 13 children who de-
veloped kernicterus, brain injury was potentially avoidable for 11 children and an untimely discharge or a dis-
charge with a lack of pre-discharge bilirubin screening was the possible cause in six babies (46%). While all
professional organizations recommend a systematic assessment of neonates for jaundice before discharge, the
methods vary. A recent meta-analysis of published guidelines reported that the United Kingdom, Italian, and
Norwegian jurisdictions recommend visual inspection as a primary measure while others like Canada, the Unit-
ed States, Israel, and Turkish paediatric societies have endorsed universal screening [5]. The protocols for per-
forming TSB based on TcB levels may vary from unit to unit but high-risk neonates are unlikely to be missed.
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Our review highlights several important research gaps. There is no clear answer as to whether universal screen-
ing for hyperbilirubinemia using TcB or TSB reduces adverse outcomes such as acute and chronic encephalop-
athy or neurodevelopmental impairment, because of the low incidence of these morbidities and multiple fac-
tors concerning management and follow-up after the screening. There is a need for adequately powered trials
comparing the effectiveness of various screening strategies on clinically relevant neonatal and infant outcomes.

Our review systemically evaluates the effectiveness of common approaches for screening well neonates for jaun-
dice at discharge for clinically relevant outcomes. We took a comprehensive approach and evaluated evidence
from both randomized and non-randomized/observational studies using standard, methods.

Our review has some limitations. First, while it is known that gestational age is an important risk factor, we
could not perform a subgroup analysis for term healthy neonates [38] alone, as we were limited by the avail-
able data in the included studies. Second, the intervention of TcB or TSB was performed using any device or
any standard method, even though the inter-device variability of TcB has been shown to be substantial [39]
and there could be variability in TSB analysed using different methods (such as dry chemistry or diazo meth-
ods) [40]. The studies also used different nomograms and thresholds to perform TSB following the TcB as-
sessment, which could impact the results [41]. The comparison of clinical screening was not well described in
many studies and it was not clear whether it involved visual inspection alone, clinical risk factor assessment
alone, or both. However, our review highlights that the clinical screening approach may not be consistent
across settings and may vary over time. There was little data on important clinical outcomes such as neonatal
mortality, severe morbidity including BIND/kernicterus, neurodevelopmental delay and adverse outcomes of
screening. Lastly, our review was focused on approaches for hyperbilirubinemia screening at discharge, but
this is only one variable in improving neonatal outcomes. The importance of a post-discharge follow-up pro-
gram in decreasing the incidence of hyperbilirubinemia, especially for babies who are discharged >72 hours
after birth, is well-recognized [42].

We did not provide an evaluation of the economic impact of universal screening. It is clear that any screening
program using TcB and TSB will have an associated cost and the burden of disease will be highest in low- and
middle-income countries (LMICs) where health budgets are limited. The review highlights the importance of
timely diagnosis to health care professionals and facilities so that resources can be utilized efficiently. This point
was recognized as one of the recommendations in the 2015 Don Ostrow Trieste Yellow Retreat (DOTYR-1)
session devoted to LMICs [43].

Our findings are applicable to late preterm and term healthy neonates, ie, those who have had an uneventful
birth hospitalization with no complications and are otherwise clinically well. Neonates who have visible jaun-
dice were excluded, as they have a high probability of receiving TcB or TSB.

CONCLUSIONS

Our review suggests that universal TcB screening at discharge should be part of the neonatal discharge readi-
ness assessment for all facility births. Facilities implementing universal TcB screening should be able to obtain
definitive testing (ie, serum bilirubin) and provide appropriate treatment and follow-up for all neonates, with
ongoing monitoring for quality of implementation. The effectiveness of universal pre-discharge TSB screening
in improving neonatal outcomes is uncertain.

2022 ¢ VOL. 12 « 12007 14 www.jogh.org ¢ doi: 10.7189/jogh.12.12007



Universal screening of neonatal hyperbilirubinemia

Acknowledgements: We are grateful to Dr Rajiv Bahl, World Health Organization, Geneva, for technical guidance and
support.

Disclaimer: The authors alone are responsible for the views expressed in this publication and they do not necessarily rep-
resent the views, decisions or policies of the World Health Organization.

Funding: Not declared.

Authorship contributions: FK and SR drafted the protocol. CS conducted the literature search. FK and SR reviewed arti-
cles for eligibility and extracted data. SG did the analysis and wrote the first draft of the manuscript. All authors reviewed,
edited, and contributed to the final version of the manuscript.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and declare the following activities and relationships: Shuchita Gupta and Suman Rao are staff
members of the WHO.

Additional material
Online Supplementary Document

@
z 2
2
=¥e)
> m
o
—
< Z
mLL
Qo
og
D <<
EU
]|
 <C
T &=
= <<
IZ
H
O wn
El®
< &
]
B
&2 T

1 Ansong-Assoku B, Ankola PA. Neonatal jaundice. 2018. StatPearls Publishing (Internet); 2022 Feb. Available from: https.//
www.ncbi.nlm.nih.gov/books/NBK532930/
2 Olusanya BO, Kaplan M, Hansen TW. Neonatal hyperbilirubinaemia: a global perspective. Lancet Child Adolesc Health.
2018;2:610-20. Medline:30119720 doi:10.1016/S2352-4642(18)30139-1
3 Kaur S, Chawla D, Pathak U, Jain S. Predischarge non-invasive risk assessment for prediction of significant hyperbilirubinemia
in term and late preterm neonates. J Perinatol. 2012;32:716-21. Medline:22094493 doi:10.1038/jp.2011.170
4 Olusanya BO, Ogunlesi TA, Kumar P, Boo NY, Iskander IE de Almeida MF, et al. Management of late-preterm and term in-
fants with hyperbilirubinaemia in resource-constrained settings. BMC Pediatr. 2015;15:39. Medline:25884679 doi:10.1186/
s12887-015-0358-z
5 Zhang M, Tang J, He Y, Li W, Chen Z, Xiong T, et al. Systematic review of global clinical practice guidelines for neonatal hy-
perbilirubinemia. BMJ Open. 2021;11:e040182. Medline:33468526 doi:10.1136/bmjopen-2020-040182
6 Riskin A, Tamir A, Kugelman A, Hemo M, Bader D. Is visual assessment of jaundice reliable as a screening tool to detect
significant neonatal hyperbilirubinemia? J Pediatr. 2008;152:782-7.e2. Medline:18492516 doi:10.1016/j.jpeds.2007.11.003
7 Moyer VA, Ahn C, Sneed S. Accuracy of clinical judgment in neonatal jaundice. Arch Pediatr Adolesc Med. 2000;154:391-4.
Medline:10768679 doi:10.1001/archpedi.154.4.391
8 Riskin A, Abend-Weinger M, Bader D. How accurate are neonatologists in identifying clinical jaundice in newborns? Clin Pe-
diatr (Phila). 2003;42:153-8. Medline:12659389 doi:10.1177/000992280304200209
9 Carceller-Blanchard A, Cousineau J, Delvin E. Point of care testing: transcutaneous bilirubinometry in neonates. Clin Biochem.
2009;42:143-9. Medline:18929553 doi:10.1016/j.clinbiochem.2008.09.106
10 Bhutani VK, Gourley GR, Adler S, Kreamer B, Dalin C, Johnson LH. Noninvasive measurement of total serum bilirubin in a
multiracial predischarge newborn population to assess the risk of severe hyperbilirubinemia. Pediatrics. 2000;106:¢17. Med-
1ine:10920173 doi:10.1542/peds.106.2.e17
11 Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron 1, et al. RoB 2: A revised tool for assessing risk of bias in
randomised trials. BMJ. 2019;366:14898. Medline:31462531 doi:10.1136/bmj.14898
12 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, Henry D, Altman D, Ansari MT, Boutron I. ROB-
INS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016;355:14919. Medline:27733354
doi:10.1136/bm;j.i4919
13 GRADEpro GDT. GRADEpro guideline development tool. McMaster University and evidence prime. 2021. Available: https://
gradepro.org. Accessed: 7 December 2022.
14 Wainer S, Parmar SM, Allegro D, Rabi Y, Lyon ME. Impact of a transcutaneous bilirubinometry program on resource utiliza-
tion and severe hyperbilirubinemia. Pediatrics. 2012;129:77-86. Medline:22184646 doi:10.1542/peds.2011-0599
15 van der Geest BA, De Graaf JP, Bertens LC, Poley M, Ista E, Kornelisse RE et al. Screening and treatment to reduce severe hy-
perbilirubinaemia in infants in primary care (STARSHIP): a factorial stepped-wedge cluster randomized controlled trial pro-
tocol. BMJ Open. 2019;9:¢028270. Medline:31005942 doi:10.1136/bmjopen-2018-028270
16 Okwundu C, Bhutani V, Smith J, Esterhuizen T, Wiysonge C. Predischarge transcutaneous bilirubin screening reduces readmis-
sion rate for hyperbilirubinaemia in diverse South African newborns: A randomised controlled trial. S Afr Med J. 2020;110:249-
54. Medline:32657704 doi:10.7196/SAMJ.2020.v110i3.14186
17 Alkalay AL, Bresee CJ, Simmons CE Decreased neonatal jaundice readmission rate after implementing hyperbiliru-
binemia guidelines and universal screening for bilirubin. Clin Pediatr (Phila). 2010;49:830-3. Medline:20693521
doi:10.1177/0009922810363728
18 Flynn ME. A quality improvement project to decrease serum bilirubins and increase appropriate phototherapy use by follow-
ing the AAP guidelines in a well nursery. Pediatr Nurs. 2017;43:143-8.
19 Kuzniewicz MW, Escobar GJ, Newman TB. Impact of universal bilirubin screening on severe hyperbilirubinemia and photo-
therapy use. Pediatrics. 2009;124:1031-9. Medline:19786442 doi:10.1542/peds.2008-2980

REFERENCES

www.jogh.org e doi: 10.7189/jogh.12.12007 15 2022 ¢ VoL. 12 « 12007


https://jogh.org/documents/2022/jogh-12-12007-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/30119720
https://doi.org/10.1016/S2352-4642(18)30139-1
https://pubmed.ncbi.nlm.nih.gov/22094493
https://doi.org/10.1038/jp.2011.170
https://pubmed.ncbi.nlm.nih.gov/25884679
https://doi.org/10.1186/s12887-015-0358-z
https://doi.org/10.1186/s12887-015-0358-z
https://pubmed.ncbi.nlm.nih.gov/33468526
https://doi.org/10.1136/bmjopen-2020-040182
https://pubmed.ncbi.nlm.nih.gov/18492516
https://doi.org/10.1016/j.jpeds.2007.11.003
https://pubmed.ncbi.nlm.nih.gov/10768679
https://pubmed.ncbi.nlm.nih.gov/10768679
https://doi.org/10.1001/archpedi.154.4.391
https://pubmed.ncbi.nlm.nih.gov/12659389
https://doi.org/10.1177/000992280304200209
https://pubmed.ncbi.nlm.nih.gov/18929553
https://doi.org/10.1016/j.clinbiochem.2008.09.106
https://pubmed.ncbi.nlm.nih.gov/10920173
https://pubmed.ncbi.nlm.nih.gov/10920173
https://doi.org/10.1542/peds.106.2.e17
https://pubmed.ncbi.nlm.nih.gov/31462531
https://doi.org/10.1136/bmj.l4898
https://pubmed.ncbi.nlm.nih.gov/27733354
https://doi.org/10.1136/bmj.i4919
https://pubmed.ncbi.nlm.nih.gov/22184646
https://doi.org/10.1542/peds.2011-0599
https://pubmed.ncbi.nlm.nih.gov/31005942
https://doi.org/10.1136/bmjopen-2018-028270
https://pubmed.ncbi.nlm.nih.gov/32657704
https://doi.org/10.7196/SAMJ.2020.v110i3.14186
https://pubmed.ncbi.nlm.nih.gov/20693521
https://doi.org/10.1177/0009922810363728
https://pubmed.ncbi.nlm.nih.gov/19786442
https://doi.org/10.1542/peds.2008-2980

Khurshid et al.

20 Wickremasinghe AC, Karon B, Saenger A, Cook W. Effect of universal neonatal transcutaneous bilirubin screening on blood
draws for bilirubin analysis and phototherapy usage. J Perinatol. 2012;32:851-5. Medline:22343396 doi:10.1038/jp.2012.10

21 Eggert LD, Wiedmeier SE, Wilson J, Christensen RD. The effect of instituting a prehospital-discharge newborn bilirubin screen-
ing program in an 18-hospital health system. Pediatrics. 2006;117:e855-62. Medline:16651290 doi:10.1542/peds.2005-1338

22 Bhutani VK, Johnson LH, Schwoebel A, Gennaro S. A Systems Approach for Neonatal Hyperbilirubinemia in Term and Near-Term
Newborns. ] Obstet Gynecol Neonatal Nurs. 2006;35:444-55. Medline:16881988 doi:10.1111/j.1552-6909.2006.00044.x

23 Kaplan M, Shchors I, Algur N, Bromiker R, Schimmel MS, Hammerman C. Visual screening versus transcutaneous biliru-
binometry for predischarge jaundice assessment. Acta Paediatr. 2008;97:759-63. Medline:18460107 doi:10.1111/j.1651-
2227.2008.00807 .x

24 Mishra S, Chawla D, Agarwal R, Deorari A, Paul V, Bhutani V. Transcutaneous bilirubinometry reduces the need for blood sampling
in neonates with visible jaundice. Acta Paediatr. 2009;98:1916-9. Medline: 19811459 doi:10.1111/1.1651-2227.2009.01505.x

25 Thayyil S, Marriott L. Can transcutaneous bilirubinometry reduce the need for serum bilirubin estimations in term and near
term infants? Arch Dis Child. 2005;90:1311-2. Medline: 16301563 doi:10.1136/adc.2004.070292

26 Kilmartin KC, McCarty EJ, Shubkin CD, Holmes AV. Reducing Outpatient Infant Blood Draws with Transcutaneous Measure-
ment of Bilirubin. Pediatr Qual Saf. 2020;5:e335. Medline:32766506 doi:10.1097/pg9.0000000000000335

27 Okwundu CI, Uthman OA, Suresh G, Smith J, Wiysonge CS, Bhutani VK. Transcutaneous bilirubinometry versus total serum
bilirubin measurement for newborns. Cochrane Database Syst Rev. 2017;5:CD012660. doi:10.1002/14651858.CD012660

28 Konana OS, Bahr TM, Strike HR, Coleman J, Snow GL, Christensen RD. Decision accuracy and safety of transcutaneous bili-
rubin screening at Intermountain Healthcare. J Pediatr. 2021;228:53-7. Medline:32890579 doi:10.1016/j.jpeds.2020.08.079

29 Afjeh A, Fallahi M, Jahanbeen M, Basiri A, Allaee M. Pre-discharge screening trans-cutaneous bilirubinometry in healthy new-
borns in Mahdieh Hospital, Tehran. Iran J Pediatr. 2015;25:¢2187. Medline:26396699 doi:10.5812/ijp.2187

30 Okwundu CI, Saini SS, editors. Noninvasive methods for bilirubin measurements in newborns: a report. Seminars in Perina-
tology; 2021: Elsevier.

31 Olusanya BO, Imosemi DO, Emokpae AA. Differences between transcutaneous and serum bilirubin measurements in black
African neonates. Pediatrics. 2016;138:€20160907. Medline:27577578 doi:10.1542/peds.2016-0907

32 Taylor JA, Burgos AE, Flaherman V, Chung EK, Simpson EA, Goyal NK, et al. Discrepancies between transcutaneous and se-
rum bilirubin measurements. Pediatrics. 2015;135:224-31. Medline:25601981 doi:10.1542/peds.2014-1919

33 Hyperbilirubinemia AAP. Management of hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics.
2004;114:297-316. Medline:15231951 doi:10.1542/peds.114.1.297

34 Chou S-C, Palmer RH, Ezhuthachan S, Newman C, Pradell-Boyd B, Maisels MJ, et al. Management of hyperbilirubinemia
in newborns: measuring performance by using a benchmarking model. Pediatrics. 2003;112:1264-73. Medline:14654595
doi:10.1542/peds.112.6.1264

35 Newman TB, Xiong B, Gonzales VM, Escobar GJ. Prediction and prevention of extreme neonatal hyperbilirubinemia in a ma-
ture health maintenance organization. Arch Pediatr Adolesc Med. 2000;154:1140-7. Medline:11074857 doi:10.1001/arch-
pedi.154.11.1140

36 Jing L, Bethancourt C-N, McDonagh T. Assessing infant and maternal readiness for newborn discharge. Curr Opin Pediatr.
2017;29:598-605. Medline:28731912 doi:10.1097/MOP.0000000000000526

37 Alkén J, Hdkansson S, Ekéus C, Gustafson P, Norman M. Rates of extreme neonatal hyperbilirubinemia and kernicterus in
children and adherence to national guidelines for screening, diagnosis, and treatment in Sweden. JAMA Network Open.
2019;2:e190858. Medline:30901042 doi:10.1001/jamanetworkopen.2019.0858

38 Sarici SU, Ozcan M, Akpinar M, Altun D, Yasartekin Y, Koklu E, et al. Transcutaneous Bilirubin Levels and Risk of Significant
Hyperbilirubinemia in Early-Term and Term Newborns. ] Obstet Gynecol Neonatal Nurs. 2021;50:307-15. Medline:33684342
doi:10.1016/j.jogn.2021.01.007

39 Dam-Vervloet AJ, van Erk MD, Doorn N, Lip SG, Timmermans NA, Vanwinsen L, et al. Inter-device reproducibility of trans-
cutaneous bilirubin meters. Pediatr Res. 2021:89:770-5. Medline:32919392 doi:10.1038/s41390-020-01118-6

40 Berska J, Bugajska J, Sztetko K. Newborns bilirubin concentration determined by different methods in relation to hematocrit
and albumin level. ] Med Biochem. 2020;39:171. Medline:33033449

41 Yu Z-B, Han S-F, Chen C. Bilirubin nomograms for identification of neonatal hyperbilirubinemia in healthy term and late-
preterm infants: a systematic review and meta-analysis. World J Pediatr. 2014;10:211-8. Medline:25124971 doi:10.1007/
s12519-014-0495-8

42 Sharma A. Effectiveness of a pre-discharge bilirubin screening in high-risk neonates-is the evidence robust enough? Indian Pe-
diatr. 2013;50:248. Medline:23474934 doi:10.1007/s13312-013-0046-8

43 Greco C, Arnolda G, Boo N-Y, Iskander IE Okolo AA, Rohsiswatmo R, et al. Neonatal jaundice in low-and middle-income
countries: lessons and future directions from the 2015 Don Ostrow Trieste Yellow Retreat. Neonatology. 2016;110:172-80.
Medline:27172942 doi:10.1159/000445708

wn
S3|
@)
Z
83|
(a5
53|
&
83|
(a5

@
z 2
L~
20
> M
M=
— M
< zZ
8[.!-4
=)
O
T o2
0 <
EU
—
L <C
E =
= <
IZ
=
O wn
Z O
< 5
J
o X
22

2022 ¢ VOL. 12 « 12007 16 www.jogh.org ¢ doi: 10.7189/jogh.12.12007


https://pubmed.ncbi.nlm.nih.gov/22343396
https://doi.org/10.1038/jp.2012.10
https://pubmed.ncbi.nlm.nih.gov/16651290
https://doi.org/10.1542/peds.2005-1338
https://pubmed.ncbi.nlm.nih.gov/16881988
https://doi.org/10.1111/j.1552-6909.2006.00044.x
https://pubmed.ncbi.nlm.nih.gov/18460107
https://doi.org/10.1111/j.1651-2227.2008.00807.x
https://doi.org/10.1111/j.1651-2227.2008.00807.x
https://pubmed.ncbi.nlm.nih.gov/19811459
https://doi.org/10.1111/j.1651-2227.2009.01505.x
https://pubmed.ncbi.nlm.nih.gov/16301563
https://doi.org/10.1136/adc.2004.070292
https://pubmed.ncbi.nlm.nih.gov/32766506
https://doi.org/10.1097/pq9.0000000000000335
https://doi.org/10.1002/14651858.CD012660
https://pubmed.ncbi.nlm.nih.gov/32890579
https://doi.org/10.1016/j.jpeds.2020.08.079
https://pubmed.ncbi.nlm.nih.gov/26396699
https://doi.org/10.5812/ijp.2187
https://pubmed.ncbi.nlm.nih.gov/27577578
https://doi.org/10.1542/peds.2016-0907
https://pubmed.ncbi.nlm.nih.gov/25601981
https://doi.org/10.1542/peds.2014-1919
https://pubmed.ncbi.nlm.nih.gov/15231951
https://doi.org/10.1542/peds.114.1.297
https://pubmed.ncbi.nlm.nih.gov/14654595
https://doi.org/10.1542/peds.112.6.1264
https://pubmed.ncbi.nlm.nih.gov/11074857
https://doi.org/10.1001/archpedi.154.11.1140
https://doi.org/10.1001/archpedi.154.11.1140
https://pubmed.ncbi.nlm.nih.gov/28731912
https://doi.org/10.1097/MOP.0000000000000526
https://pubmed.ncbi.nlm.nih.gov/30901042
https://doi.org/10.1001/jamanetworkopen.2019.0858
https://pubmed.ncbi.nlm.nih.gov/33684342
https://doi.org/10.1016/j.jogn.2021.01.007
https://pubmed.ncbi.nlm.nih.gov/32919392
https://doi.org/10.1038/s41390-020-01118-6
https://pubmed.ncbi.nlm.nih.gov/33033449
https://pubmed.ncbi.nlm.nih.gov/25124971
https://doi.org/10.1007/s12519-014-0495-8
https://doi.org/10.1007/s12519-014-0495-8
https://pubmed.ncbi.nlm.nih.gov/23474934
https://doi.org/10.1007/s13312-013-0046-8
https://pubmed.ncbi.nlm.nih.gov/27172942
https://pubmed.ncbi.nlm.nih.gov/27172942
https://doi.org/10.1159/000445708

