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Abstract
To assess the efficacy of double phototherapy in managing neonatal jaundice compared to single phototherapy in infants with
different birth weight and gestational age. CENTRAL, PubMed, clinicaltrials.gov, and gray literature sources were searched from
date of inception of these databases till August 2019. Primary outcome was decline of total serum bilirubin (TSB) per hour. Ten
studies were eligible. Our meta-analysis showed significant difference between double phototherapy versus single phototherapy
in decline of TSB per hour in preterm infants (standardized mean difference [SMD] = 2.28 [0.79–3.76], p = 0.003) and a
significant decrease in TSB levels at 24 h of phototherapy in infants with birth weight ≥ 1500 g (mean difference [MD] = −
61.70 μmol/L, [− 107.96, − 15.43], p = <0.001).

Conclusion: Double phototherapy is effective in reducing TSB in infants of different gestational ages and birth weights with
the most important finding regarding preterm infants, who are more susceptible to kernicterus.

What is Known:
• Double phototherapy has shown to be more efficacious than single phototherapy in treating neonatal jaundice.
• Double phototherapy efficacy on neonates with different gestational ages and birth weights still remain ambiguous in treating neonatal jaundice.
What is New:
• The results of this meta-analysis show that double phototherapy is effective in reducing TSB in infants of different gestational ages and birth weights
with the most important finding regarding preterm infants, who are more susceptible to kernicterus.
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Abbreviations
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MD Mean difference

RCT Randomized controlled trial
SMD Standardized mean difference
TSB Total serum bilirubin
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Introduction

Jaundice or hyperbilirubinemia is a common physiologic or
pathologic disorder affecting over 60% of full-term and 80%
of preterm babies [1]. Neonatal jaundice is caused by an ex-
cess of bilirubin in the blood [2]. Neonatal jaundice is hazard-
ous as excess bilirubin is toxic to the basal ganglia and various
brain stem nuclei [3]. Clinical manifestation of bilirubin tox-
icity during the first few weeks of life is denoted as acute
bilirubin encephalopathy while chronic or permanent damage
to the brain is denoted as kernicterus [3]. Preterm and low
birth weight infants are more susceptible to kernicterus at a
lower threshold of TSB (total serum bilirubin) as compared to
term and normal birth weight infants [4].

The current standard for treatment of neonatal jaundice is
phototherapy, owing to its safety and efficacy [3]. Phototherapy
employs the use of light sources, usually LED’s (light-emitting
diodes), emitting light in the blue and green spectra [2]. These
wavelengths of light convert bilirubin to less toxic water-soluble
photo isomers that can be safely excreted in the bile and urine [5].
Factors that influence the efficacy of phototherapy are the spec-
trum of light, the irradiance, and the surface area of skin exposed
at any one time [6]. Types of phototherapy commonly used
include single and double phototherapywith themajor difference
being simultaneous use of an additional phototherapy unit in the
latter [7]. The two interventions also differ in surface area of
exposure and intensity of light [7].

To the best of our knowledge, there has been no systematic
review and meta-analysis published yet assessing the clinical
evidence on the efficacy of double phototherapy against single
phototherapy in management of neonatal jaundice in term and
preterm, and among infants of different birth weights. This
present study aims to review clinical evidence currently avail-
able and construct a meta-analysis to visualize the overall
effects of double phototherapy versus single phototherapy.

Materials and methods

Data sources

This systematic review with meta-analysis was performed in
compliance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [8]. Two
reviewers (MAN and ASA) separately searched from the fol-
lowing databases: Cochrane Library (CENTRAL), PubMed
Central (MEDLINE), and National Library of Medicine
(NLM) Clinical Trials library.

Literature search

Relevant studies were searched from the date of inception of the
mentioned databases until August 2019. The following Medical

Subject Headings (MeSH) terms were used: “Intensive
Phototherapy,” “Double Intensive,” “Single Intensive,”
“Fiberoptic,” “Phototherapy,” “Neonatal Jaundice,” “High
Intensity,” “Double Surface,” “Hyperbilirubinemia,” “Double-
sided,” “High Irradiance.” Reference lists of relevant review
and original articles were assessed for any missed articles during
the database searches. Any disagreements between the two re-
viewers were consulted with a third reviewer (ASL) until con-
sensus was achieved. All articles extracted were compiled into
Endnote X7 (Clarivate Analytics, PA) where duplicates were
identified and removed.

Eligibility criteria

Articles were included in the study if they met the following
set of eligibility criteria: (1) full-text available; (2) neonates
only (age ≤ 1 month); (3) at least one outcome reported to be
included in the meta-analysis; (4) both irradiance setting and
phototherapy setting should be reported and no indications for
exchange transfusion in participants prior to intervention; (5)
no congenital anomalies; (6) phototherapy duration of at least
12 h. There was no language restriction. Case reports and
editorials were excluded.

Data extraction

Three reviewers (MMH, SAS, and NAB) separately extracted
data on standardized data collection forms from selected arti-
cles. Extracted characteristics and outcome data included first
author’s name, year of publication, location of studies, total
participants, and their specific characteristics (preterm/term
and birth weight), study design, phototherapy settings, irradi-
ance settings, decline of TSB per hour, duration of photother-
apy, TSB levels at 24 h, length of hospitalization, and sum-
mary of results. Our primary endpoint was decline of TSB per
hour and our secondary endpoints were TSB levels at 24 h
from initiation of phototherapy, duration of phototherapy, and
length of hospital stay. Any disagreement during extraction
was resolved with discussion.

Risk of bias assessment

For quality assessment of randomized controlled trials
(RCTs), Cochrane Collaboration’s risk of bias tool was used
[9]. This tool evaluated the risk of bias within studies on the
basis of 7 domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other biases. For quality assessment of non-
randomized controlled trials (NRCTs) and case-control stud-
ies, we used Risk of Bias in Non-randomized Studies - of
Interventions (ROBINS-I) tool [10]. This tool assesses the risk
of bias within studies on the basis of 7 key domains:
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confounding, selection bias, classification of interventions,
reporting bias, deviations from interventions, missing data,
and measuring outcome.

Statistical methods

All statistical analyses were executed using Review Manager
(RevMan) (Version 5.3.5; Cochrane Collaboration, Oxford,
UK) [11], and Stata Statistical Software: Release 13
(College Station, TX: StataCorp LP) [12]. Continuous data
was presented as standardized mean difference (SMD), mean
difference (MD), and 95% confidence interval (CI). Decline
of TSB per hour and TSB levels at 24 h were pooled using a
random-effects model. Both analyses were divided into the
following subgroups: term, preterm, studies including infants
with birth weight ≤ 2500 g, birth weight ≥ 2500 g, birth weight
≥ 1500 g. In the present study, some included studies did not
provide decline of TSB per hour; hence, it was calculated from
decline rate of TSB at 24 h by dividing the TSB levels at 24 h
by 24 h. For assessment of heterogeneity the Higgins I2 sta-
tistic was used, in which, a value of I2 = 25–50% is mild, 50–
75% is moderate, and > 75% is severe [13]. A p value of less
than 0.05 was considered significant for all analyses. Egger’s
regression test was performed to investigate publication bias
[14]. Sensitivity analyses was done to investigate heterogene-
ity such as leave one out sensitivity analysis and random ef-
fects model meta-regression. Gestational age may be a poten-
tial confounder in our analyses. However, it has been reported
previously that gestational age has no significant effect in
response to phototherapy [15]. For a robust sensitivity analy-
sis, we performed a random-effects model meta-regression in
which we used the mean gestational age as a covariate.
Repeated studies with the same dataset occurring in separate
subgroups were excluded before assessing publication bias
and heterogeneity.

Results

Search results

A total of 885 potential articles were identified through data-
base search, from which 812 articles were retained after du-
plicates were removed. Articles were further excluded (n =
787) if they were abstracts only (n = 10), results were not
reported (n = 2) or had irrelevant titles (n = 775). Out of
twenty-five remaining articles, full-texts were assessed and
fifteen articles were excluded for not measuring irradiance
(n = 4), did not include only neonates (n = 1), were case re-
ports (n = 2), had irrelevant interventions (n = 7), and had du-
ration of phototherapy of less than 12 h (n = 1). This resulted
in a final sample of ten articles in the systematic review and

meta-analysis. The PRISMA flow chart (Fig. 1) outlines the
literature search process.

Characteristics of included studies

Study characteristics of included studies are summarized in
Table 1. Out of ten studies selected, six were randomized
controlled trials, three were non-randomized controlled trials
and only one was a case-control study. For the double photo-
therapy setting, four studies used fiberoptic pads/blankets,
three studies used a setting in which there was a single panel
(similar to the single phototherapy setting) alongside an addi-
tion panel placed at a different angle, one study used a fluid
bed and another study increased the number of lamps and
changed from white halogen lamps to blue fluorescent tubes.
Seven studies reported decline of TSB per hour, five studies
reported TSB levels at 24 h, three studies reported the duration
of phototherapy, and only two studies reported length of stay.

Risk of bias in included studies

None of the six randomized controlled trials reported blinding
of outcome assessors. However, one article had high risk of
allocation concealment. Only one trial reported plausible ef-
fect size. Supplementary figure 1 and 2 show the risk of bias
within these RCTs. Out of three NRCTs and one case control,
only one had low risk, while another had a serious risk of bias.
Supplementary table shows the risk of bias within these
studies.

Decline of TSB per hour

A total of seven studies were included in the pooled analysis
reported this outcome. (Fig. 2) The analysis of this outcome
was divided into subgroups; preterm, term, birth weight ≥
2500 g, birth weight ≥ 1500 g, and birth weight ≤ 2500 g.
Preterm had a total of three studies which significantly favored
double phototherapy over single phototherapy (SMD= 2.28,
95%CI = 0.79–3.76, p = 0.003, I2 = 91%). Term included four
studies in which double phototherapy had a significant differ-
ence when compared to single phototherapy (SMD = 2.01,
95% CI = 0.93–3.10, p ≤0.001, I2 = 97%). In the subgroup,
infants with birth weight ≥ 2500 g had three studies that sig-
nificantly favored double phototherapy (SMD = 2.07, 95%
CI = 0.62–3.52, p = 0.005, I2 = 97%). Only two studies in-
cluded infants whose birth weight was less than 2500 g which
also significantly favored double phototherapy over single
phototherapy (SMD = 1.70, 95% CI = 0.25–3.15, p = 0.02,
I2 = 89%). There were five studies in the subgroup birth
weight ≥ 1500 g in which double phototherapy also had a
highly significant difference when compared to single photo-
therapy (SMD = 1.35, 95% CI = 0.65–2.05, p ≤ 0.001, I2 =
94%). Overall effect size of these subgroups was significant
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towards double phototherapy (SMD= 1.78, 95% CI = 1.36–
2.21, p = <0.001). However, there was an overall substantial
heterogeneity present (I2 = 94%). Overall subgroup differ-
ences showed that there was no heterogeneity between the
subgroups (I2 = 0%).

TSB levels at 24 h

Total five studies were included in the pooled analysis which
reported this outcome. (Fig. 3) The analysis was divided into
subgroups; term, birth weight ≥ 2500 g, birth weight ≥ 1500 g,
and birth weight ≤ 2500 g. Three studies that included term
infants only showed a greater reduction of TSB at 24 h in the
double phototherapy group than single phototherapy group
(MD = − 51.75 μmol/L, 95% CI = − 107.81, 4.31, p = 0.07,

I2 = 97%) although it was not statistically significant. Birth
weight ≥ 2500 g had only two studies included also showing
greater reduction in TSB levels at 24 h in the double photo-
therapy group, however, it was not statistically significant
(MD = − 62.61 μmol/L, 95% CI = − 151.79, 26.57, p = 0.17,
I2 = 98%). In birth weight ≤ 2500 g, only one study was
present, in which the TSB levels at 24 h were significantly
lower than single phototherapy (MD = − 67.00 μmol/L, 95%
CI = − 82.74, − 51.26, p ≤ 0.001). Four studies that included
infants with birth weight ≥ 1500 g had a significant decrease in
TSB levels in 24 h in double phototherapy compared to single
phototherapy (MD = − 61.70 μmol/L, 95% CI = − 107.96, −
15.43, p ≤ 0.001, I2 = 97%). Overall effect between the sub-
groups showed a greater reduction of TSB levels at 24 h, signif-
icantly favoring double phototherapy over single phototherapy
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Fig. 1 PRISMA flow chart showing the process of literature search as percentages across all included studies
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(MD= − 59.42 μmol/L, 95% CI = − 85.32, − 33.52, p ≤ 0.001,
I2 = 96%). Subgroup difference shows that there was no hetero-
geneity present between the subgroups (I2 = 0%).

Duration of phototherapy

Three studies reported duration of phototherapy [17, 19, 25].
The analysis was divided into subgroups; preterm, term, birth
weight ≥ 1500 g, and birth weight ≤ 2500 g. Both subgroups
of preterm and birth weight ≤ 2500 g consisted of only one
study in which there was a significant outcome favoring dou-
ble phototherapy. (MD = − 43.50 h, 95% CI = − 63.00, −
24.00, p ≤ 0.001). Similarly, both subgroups of term and birth
weight ≥ 1500 g, which consisted of only two studies in each,
favored double phototherapy significantly in reducing photo-
therapy duration. (MD = − 9.71 h, 95% CI = − 15.21, − 4.20,
p = <0.001). The total overall effect size favored significantly
towards double phototherapy than single phototherapy
(MD = − 16.67 h, 95% CI = − 24.26, − 9.08, p ≤ 0.001).
However, there was considerable heterogeneity between the
subgroups (I2 = 86%). (Supplementary Fig. 3).

Length of hospital stay

Two studies reported length of hospital stay [23, 25]. The
pooled analysis showed that double phototherapy significant-
ly favored in reduction of hospital stay than single photother-
apy (MD = − 18.30 h, 95% CI = − 25.95, − 10.65, p ≤ 0.001,
I2 = 14%). (Supplementary Fig. 4).

Additional analysis

Egger regression showed no publication bias present in de-
cline in TSB per hour (p = 0.206) and TSB levels at 24 h (p =
0.636). A sensitivity analysis was performed in which only
RCTs were included. This did not significantly change the
total overall effect size of our primary endpoint. However, in
the subgroups; preterm, birth weight ≥ 2500 g, and birth
weight ≥ 1500 g the outcome was still favoring double photo-
therapy but not significantly. Secondary endpoints did not
significantly change when RCTs were only included in the
analysis. Meta-regression analyses showed that the gestational
age was not significantly associated with the effect size of
double phototherapy on decline of TSB per hour (coefficient =
0.686, 95%CI = − 1.65, − 0.302, p = 0.541) and TSB levels at
24 h (coefficient = − 0.183, 95% CI = − 0.383, 0.346, p =
0.911). Leave one out sensitivity analysis was done for the
meta-analyses performed in which there was no significant
change in overall estimate when each particular study was
omitted except when Kang et al. was omitted from TSB levels
at 24 h the results favored double phototherapy but non-sig-
nificantly. (Supplementary Figure 5 and 6).T
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Discussion

Our meta-analysis of total 1104 participants shows that the
decline of TSB per hour and TSB levels at 24 h overall sig-
nificantly favored double phototherapy. A notable finding in-
volving preterm infants was a substantial difference in the
decline of TSB per hour during double phototherapy as com-
pared to single phototherapy.

Preterm infants have a higher chance to develop jaundice
than term infants [2]. Double phototherapy does play a bene-
ficial role in reducing high bilirubin levels in preterm infants at
a faster rate than single phototherapy.

Studies including infants with birth weight ≥ 1500 g and ≤
2.500 g only showed commendatory outcome in decline of
TSB per hour and TSB levels at 24 h towards double

phototherapy in the present study. Our results point towards
double phototherapy beingmore advantageous over single pho-
totherapy in infants with low birth weight. A multicenter ran-
domized trial by Morris et al. [26] which included 1974 partic-
ipants compared aggressive phototherapy versus conventional
phototherapy by means of increasing irradiance. It stratified the
participants into two subgroups: 501–700 g and 701–1000 g.
The trial concluded that it did not find any significant difference
in risk of impaired neurodevelopment between aggressive and
conventional phototherapy in both the subgroups. Low birth
weight infants seem to benefit with the use of high irradiance
double phototherapy with little to no risk [27].

Our systematic review showed that all the studies that re-
ported duration of phototherapy favored double phototherapy.
This is a valuable finding as a reduction in time of
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Fig. 2 Forest plot comparing double phototherapy (DP) versus single phototherapy (SP). The outcome was decline of total serum bilirubin per hour. CI,
confidence interval; IV, inverse variance



phototherapy decreases the use of phototherapy equipment
per patient which can reduce electrical consumption. This
can also increase availability of staff and phototherapy equip-
ment where resources are limited and there is a busy patient
inflow. Additionally, this can also be attributed to the length of
hospital stay decreasing with double phototherapy, as de-
scribed in our findings.

In the present study, nine studies adopted double photother-
apy setting while increasing surface area exposure [16–22, 24,
25]. By providing greater surface exposure, emitted light has a
higher chance to breakdown bilirubin proficiently and at a faster
pace. This finding supports those guidelines that recommend
greater skin exposure for effective phototherapy [1, 3].

It is known that high irradiance tends to deplete TSB levels
at a faster rate [28] and the studies that we observed generally
showed a higher irradiance in double phototherapy than single
phototherapy.

Some studies included in our meta-analysis used halogen
lamps. When dealing with halogen lights, decreasing distance
should be managed with caution as they can cause skin burns.
Instead, as a preferred alternative, LEDs or fluorescent tubes are
considered innocuous if brought close to the skin [29–31]. LEDs
have proved to be more purposive by reducing side effects, con-
suming considerably less energy and having a greater lifespan. A
simple installment of LEDs, which cost lower than fluorescent or
halogen lights, can prove to be beneficial in treatment of neonatal
jaundice for families or health care centers looking to be more
cost-effective [32–34]. Despite this, in our meta-analysis only
one included study opted for the use of LED’s. Clinicians opting

for either single or double phototherapy in managing neonatal
hyperbilirubinemia should consider type of light source cautious-
ly with regard to its side effects and cost effectiveness.

Side effects of phototherapy can include retinal damage,
burns, disturbed circadian rhythm, conjunctivitis, rashes, de-
hydration, hyper- and hypothermia, loose stools, patent ductus
arteriosus, melanotic nevus, bronze baby syndrome, and elec-
trolyte disturbances [35]. However, in almost all the studies,
no side effects were observed, except Donneborg et al. [24],
which observed loose stools. Boonyarittipong et al. [20] re-
ported that loose stools were significantly higher in the single
phototherapy group without a given reason, though it did not
significantly affect the body weight. Kang et al. [17] and
Boonyarittipong et al. [20] reported that weight loss was most-
ly observed in the single phototherapy group with no particu-
lar reason specified. Only Al-Hafidh et al. [23] reported the
need for blood exchange transfusion due to failure of photo-
therapy in which the study showed that 91.66% of participants
in the single phototherapy group underwent exchange trans-
fusion while 0% of participants in the double phototherapy
group underwent exchange transfusion. A separate study con-
ducted by Granati et al. [36] reported a follow up after 6 years
assessing the adverse effects of high surface area exposure
phototherapy which concluded that such a phototherapy set-
ting is safe and effective in management of neonatal jaundice.

Increasing the intensity of phototherapy has been reported
to cause imbalance on oxidative and antioxidative capacity
thus increasing oxidative stress [37]. This is supported by a
randomized clinical trial by El-Farrash et al. [38] including

Fig. 3 Forest plot comparing double phototherapy (DP) versus single phototherapy (SP). The outcome was total serum bilirubin (μmol/L) levels at 24 h.
CI, confidence interval; IV, inverse variance
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120 neonates which found that intensive phototherapy had
greater oxidative stress markers when compared with conven-
tional phototherapy. However, none of the included studies
assessed oxidant/antioxidant status hence these effects also
need to be addressed when conducting intensive phototherapy
over conventional.

Biological plausibility

It is well-known that an increase in exposed body surface area,
at the same irradiance level, would increase the spectral power
by its definition. In the treatment of neonatal jaundice an in-
crease in spectral power would cause a greater widespread
serum bilirubin degradation into its metabolites that would
lead to a rapid decline in total serum bilirubin [39]. Double
phototherapy implication in treating neonatal jaundice would
provide these results than single phototherapy due to its high
spectral power making single phototherapy inferior in provid-
ing rapid decline of total serum bilirubin. A meta-analysis by
Tridente et al. [40] discussed that an included RCT by Kumar
et al. [41] showed that there was no significant difference
when irradiance was increased and spectral power was un-
changed. The trial showed that increasing spectral power than
irradiance would provide a greater efficacious outcome.

Limitations were present in our study. Firstly, not all studies
included were randomized controlled trials. There was sub-
stantial variation between the irradiance between the included
studies. In the pooled analysis of “decline of TSB per hour”
and “TSB levels at 24 hours” there was considerable hetero-
geneity within the subgroups. Rate of TSB decline per hour
was not reported by some of the studies despite being impor-
tant clinical indicators for assessing efficiency of photothera-
py. Funnel plots could not be performed due to studies includ-
ed in all the meta-analyses being less 10 than [42]. Meta-
regressions for duration of phototherapy and length of hospital
stay could not be performed due to studies being less than 10
in the meta-analyses [43].

Conclusions

Double phototherapy is superior to single phototherapy when
achieving a faster decline of TSB per hour and lower TSB
levels at 24 h from initiation of phototherapy in infants who
are term, preterm and having birth weight ≥ 2500 g, ≥ 1500 g,
and ≤ 2500 g. It also reduces hospital stay and duration of
treatment. However, caution and patient safety should be con-
sidered when employing double phototherapy and implemen-
tation should be based on clinicians’ assessment. Future mul-
ticenter randomized controlled trials can assess the adverse
effects of double phototherapy with regard to gestational age
and birth weight of infants for a more supporting clinical
evidence.
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