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IMPORTANCE Cycled (intermittent) phototherapy (PT) might adequately control peak total
serum bilirubin (TSB) level and avoid mortality associated with usual care (continuous PT)
among extremely low-birth-weight (ELBW) infants (401-1000 g).

OBJECTIVE To identify a cycled PT regimen that substantially reduces PT exposure, with an
increase in mean peak TSB level lower than 1.5 mg/dL in ELBW infants.

DESIGN, SETTING, AND PARTICIPANTS This dose-finding randomized clinical trial of cycled PT
vs continuous PT among 305 ELBW infants in 6 US newborn intensive care units was
conducted from March 12, 2014, to November 14, 2018.

INTERVENTIONS Two cycled PT regimens (�15 min/h and �30 min/h) were provided using a
simple, commercially available timer to titrate PT minutes per hour against TSB level. The
comparator arm was usual care (continuous PT).

MAIN OUTCOMES AND MEASURES Mean peak TSB level and total PT hours through day 14 in all
6 centers and predischarge brainstem auditory-evoked response wave V latency in 1 center.
Mortality and major morbidities were secondary outcomes despite limited power.

RESULTS Consent was requested for 452 eligible infants and obtained for 305 (all enrolled)
(mean [SD] birth weight, 749 [152] g; gestational age, 25.7 [1.9] weeks; 81 infants [27%] were
multiple births; 137 infants [45%] were male; 112 [37%] were black infants; and 107 [35%]
were Hispanic infants). Clinical and demographic characteristics of the groups were similar at
baseline. After a preplanned interim analysis of 100 infants, the regimen of 30 min/h or more
was discontinued, and the study proceeded with 2 arms. Comparing 128 infants receiving PT
of 15 min/h or more with 128 infants receiving continuous PT among those surviving to 14
days, mean peak TSB levels were 7.1 vs 6.4 mg/dL (adjusted difference, 0.7; 95% CI, 0.4-1.1
mg/dL) and mean total PT hours were 34 vs 72 (adjusted difference, −39; 95% CI, −45 to
−32). Wave V latency adjusted for postmenstrual age was similar in 37 infants receiving 15
min/h or more of PT and 33 infants receiving continuous PT: 7.42 vs 7.32 milliseconds
(difference, 0.10; 95% CI, −0.11 to 0.30 millisecond). The relative risk for death was 0.79
(95% CI, 0.40-1.54), with a risk difference of −4.5% (95% CI, −10.9 to 2.0). Morbidities did
not differ between groups.

CONCLUSIONS AND RELEVANCE Cycled PT can substantially reduce total PT with little increase
in peak TSB level. A large, randomized trial is needed to assess whether cycled PT would
increase survival and survival without impairment in small, preterm infants.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01944696
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W ere they not born prematurely, infants with ex-
tremely low birth weight (ELBW; ≤1000 g) would
have developed in darkness in utero for several

months longer before birth. Yet their routine care involves ad-
ministration of bright light during phototherapy (PT) to re-
duce their total serum bilirubin (TSB) level. The long-
standing assumption that this therapy is innocuous with no
serious adverse effects for even the most immature babies is
neither evidence based nor biologically plausible.

In the only large, randomized trial comparing PT with no
PT (the National Institute of Child Health and Human Devel-
opment [NICHD] Collaborative PT trial1), the findings for mor-
tality were compatible with a 49% increase with PT among
ELBW infants (relative risk, 1.49; 95% CI, 0.93-2.40).2 The only
other large trial of PT (the Neonatal Research Network [NRN]
trial of aggressive PT vs conservative PT) compared PT
administered at different TSB levels.3 Preplanned subgroup
analyses of this trial found that aggressive PT increased mor-
tality among infants with a birth weight (BW) of 750 g or less
and who received ventilatory support (relative risk, 1.19; 95%
CI, 1.02-1.39).4 Moreover, conservative bayesian analyses5,6

(using a neutral prior probability) identified a 99% likelihood
that aggressive PT increased deaths among these infants
in the NRN PT trial and found a 92% likelihood that PT
increased deaths among all ELBW infants in the Collaborative
Phototherapy Trial.7

The thin, translucent skin of ELBW infants and their high
rate of serious illness and immature defense mechanisms may
make them particularly vulnerable to the potential or docu-
mented adverse effects of PT, including photo-oxidative in-
jury, lipid peroxidation, DNA damage, reduced mesenteric and
cerebral blood flow, and hemolysis.8-20 These adverse effects
might increase not only their predischarge mortality but also
their potential risk of epilepsy,21,22 cancer,23-25 or other disor-
ders in survivors.

For these reasons, it would be prudent to limit the total PT
exposure or “dose”26 administered to small, preterm infants
to no more than that needed to adequately control their TSB
levels. Bilirubin in subcutaneous tissue or blood vessels near
the skin surface is rapidly photoisomerized by exposure to light,
and 6 small trials in term or near-term infants have found that
cycled PT given as little as 15 of each 75 minutes results in mini-
mal or no increase in TSB levels over the levels observed with
continuous PT.27-32 However, no trials have been performed
to identify a cycled PT regimen that would substantially re-
duce PT exposure with minimal increase in TSB levels among
ELBW infants—infants for whom excessive PT exposure is likely
to be particularly hazardous.

Therefore, we conducted a dose-finding randomized clini-
cal trial in 6 US newborn intensive care units to assess the hy-
pothesis that cycled PT can be used to substantially and safely
reduce PT administration with a mean peak TSB level within
1.5 mg/dL (to convert TSB level to micromoles per liter, mul-
tiply by 17.104) of that with continuous PT and no higher than
8.0 mg/dL (a value well below the lowest mean TSB level iden-
tified in any clinical trial [9.8 mg/dL3] to increase the risk of
neurodevelopmental impairment [NDI] in ELBW infants). We
also hypothesized that the wave V latency of the brainstem au-

ditory-evoked responses (BAERs)—a sensitive indicator of bil-
irubin neurotoxicity33-35—would be similar in the treatment
groups (with a difference in mean values <0.3 ms, which is
lower than the SD of 0.5 ms in preterm infants36,37).

Methods
Eligibility
Newborns with a birth weight of 401 to 1000 g who were
younger than 24 hours were eligible for this randomized clini-
cal trial if they had not received PT and had no known hemo-
lytic disease, overt nonbacterial infection, or major anomaly
and were receiving full medical support and not moribund (pH
<6.8 for >2 hours or persistent bradycardia <100 beats per min-
ute associated with hypoxia for >2 hours). This study fol-
lowed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. The institutional review board
(IRB) at each of the 6 participating newborn intensive care units
specified in the first paragraph of the Results section approved
this study protocol (trial protocol in Supplement 1). Written
informed patient consent was obtained from the parents or
guardians as specified by the IRB in each of the participating
centers, with the University of Texas Health Science Center at
Houston (UT Houston) IRB acting as the central IRB for the 4
centers in the UT System. No one received compensation or
was offered any incentive for participating in this study.

Randomization
Participants were stratified by center and risk group (high risk:
≤750 g BW and ventilated at enrollment; low risk: >750 g BW
or not ventilated) and randomized using a variable block size
and a web-based computerized program (REDCap). Initially,
participants were randomized using a 1:1:1 ratio to 3 treat-
ment groups: continuous PT (usual care), a PT regimen of 30
minutes or more per hour (hereafter referred to as 30 min/h
or more) for each cycle, or a PT regimen of 15 min/h or more.
The minutes per hour of PT could be increased for the cycled
treatments if TSB values reached specified thresholds. The
study protocol allowed different cycled PT regimens to be

Key Points
Question Can cycled phototherapy control total serum bilirubin
levels while reducing phototherapy exposure to potentially avoid
increased mortality with continuous phototherapy among
extremely low-birth-weight newborns?

Findings In this dose-finding randomized clinical trial of 305
infants, cycled phototherapy (�15 min/h titrated to total serum
bilirubin level) compared with continuous phototherapy
substantially decreased mean phototherapy hours (34 vs 72) with
a minimally higher mean peak total serum bilirubin level (7.1 vs
6.4 mg/dL), similar mean brainstem auditory-evoked response
mean wave V latency (7.42 vs 7.32 milliseconds), and fewer deaths
(10.2% vs 13.4%).

Meaning A large, randomized trial is needed to assess whether
cycled phototherapy would increase survival and survival without
impairment in small, preterm infants.

Research Original Investigation Cycled Phototherapy Regimen for Extremely Low-Birth-Weight Infants

E2 JAMA Pediatrics Published online April 27, 2020 (Reprinted) jamapediatrics.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Providence St. Joseph Health User  on 04/27/2020

https://www.equator-network.org/reporting-guidelines/consort/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.0559?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.0559
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.0559
kaempfj
Highlight



added or dropped based on the findings of preplanned in-
terim analyses. After the analysis at 100 patients, we dis-
continued the PT regimen of 30 min/h or more and random-
ized all subsequent patients 1:1 to continuous PT or to 15
min/h or more.

Treatment
Per study protocol, TSB levels were measured in the hospital
laboratory at least once daily for the first 7 days after birth and
on any day that PT was administered or had been stopped in
the previous 24 hours during the second week after birth. If
more than 1 TSB level per day was obtained, the TSB level ob-
tained closest to 7:00 AM and the highest TSB of the day (if dif-
ferent) were both recorded. Light-emitting diode PT lamps were
used to deliver narrow-spectrum blue light starting 24 hours
after birth or earlier if a TSB level of 5.0 mg/dL or higher was
identified. Once started, PT was stopped and resumed for all
patients following the aggressive PT protocol used in the NRN
PT trial3 (Table 1). These TSB thresholds were used because the
reduction in NDI with aggressive PT relative to conservative
PT is the only reduction in NDI identified in any trial of PT.

Simple, commercially available timers were used to pro-
vide cycled PT. To avoid administering more PT than needed
to prevent high peak TSB values, we adjusted the minutes
per hour of cycled PT according to prespecified TSB level
thresholds based on our judgment in weighing the uncer-
tain risks of PT against those of bilirubin neurotoxicity
(Table 1). Because the risk of bilirubin neurotoxicity is con-
sidered to be greatest in the lowest BW infants, the TSB
threshold levels for increasing the minutes per hour of
cycled PT were lower for infants with BWs of 401 to 750 g
than for infants with BWs of 751 to 1000 g.

The PT lamp irradiance intensities were preadjusted so
that typical positioning of ELBW patients would result in
delivery of approximately 22 μW/cm2/nm (the mean in the
NRN trial) with low settings and 33 μW/cm2/nm on high set-
tings. In treating each infant, the PT lamp was positioned to
deliver the target irradiance. An exchange transfusion was
considered to be indicated if the TSB level remained at 13
mg/dL or higher (for infants with BW ≤750 g) or 15 mg/dL or

higher (for infants with BW of 751-1000 g) despite 8 hours of
continuous PT at 40 μW/cm2/nm.

Outcome Measures
The primary outcomes were mean peak TSB levels and mean
PT hours through day 14 across all centers and predischarge
wave V latency BAERs at the center of the principal investiga-
tor (UT Houston).

The BAERs were assessed by a single evaluator (A.D.) using
carefully standardized methods and blinded to treatment
group37 and were routinely performed at 35 weeks postmen-
strual age (PMA) (earlier if discharged from the hospital at <35
weeks’ PMA or later if needed because of electrical interfer-
ence associated with intensive care). The presence of satisfac-
tory waveforms was verified by an expert in the recording and
interpretation of BAERs in ELBW infants who was in a differ-
ent center and blinded to treatment group.

Secondary outcomes included death and major predis-
charge morbidities, including severe (grade 3 or 4) intraven-
tricular hemorrhage; bronchopulmonary dysplasia, defined as
treated with supplemental oxygen at 36 weeks’ PMA; surgi-
cal necrotizing enterocolitis; patent ductus arteriosus requir-
ing treatment; severe retinopathy of prematurity, defined as
stage 3 or higher or plus disease; and late-onset sepsis (all de-
fined using NRN definitions38). The study was not powered for
these secondary outcomes. However, based on the findings in
prior trials,2-4,7 we expected our findings to be compatible with
a reduction in mortality with cycled PT with no discernible ef-
fect on these predischarge morbidities. Neurodevelopmental
outcome is being assessed at 2 years’ adjusted age for infants
at UT Houston and will be reported separately.

Statistical Analysis
We originally planned to assess BAERs in the first 40 infants
in each treatment group at UT Houston to have more than 80%
power at P < .05 to identify a difference between groups in
wave V latency longer than 0.3 millisecond (SD of 0.5 milli-
second) and to enroll 150 total infants to have more than 80%
power to detect a difference between groups in their mean peak
TSB levels greater than 1.5 mg/dL (SD of 2.1). However, we later

Table 1. Phototherapy Administration Protocol

TSB level, mg/dL

Phototherapy, min/h
Irradiance,
all groups, μW/cm2/nmContinuous Cycled ≥30 Cycled ≥15

BW ≤750 g

<5.0a 0 0 0 NA

5.0-7.9 60 30 15 22

8.0-9.9 60 60 30 22

10.0-12.9 60 60 60 33

≥13.0 60 60 60 40

BW 751-1000 g

<5.0 or <7.0a 0 0 0 NA

5.0 or 7.0-9.9a 60 30 15 22

10.0-11.9 60 60 30 22

12.0-14.9 60 60 60 33

≥15.0 60 60 60 40

Abbreviations: BW, birth weight;
NA, not applicable; PT, phototherapy;
TSB, total serum bilirubin.

SI conversion factor: To convert TSB
level to micromoles per liter, multiply
by 17.104.
a Consistent with the aggressive PT

protocol from the Neonatal
Research Network PT trial,3 the TSB
threshold level for PT in the present
study was 5.0 mg/dL for 14 days if
BW was 750 g or less. For BWs of
751 to 1000 g, the TSB threshold
level was 5.0 mg/dL for days 1
through 7 and 7.0 mg/dL for
days 8 through 14.
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obtained IRB approval to increase the number of infants and
centers (see the first paragraph of the Results section) to ob-
tain more precise and generalizable estimates of any treat-
ment effects of cycled PT on predischarge mortality and mor-
bidity while we sought the means to undertake a much larger
multicenter trial of cycled PT. We stopped enrollment at 305
infants when the NICHD Neonatal Network committed to con-
ducting such a trial.

Because outcomes in the 30-min/h-or-more arm were as-
sessed only in the first third of the trial and are of limited in-
terest, the outcome analyses were focused on comparing the
continuous PT with 15-min/h-or-more regimen. Linear mixed-
effects models, including risk stratum and a treatment-by-
risk stratum interaction term with a center-level random in-
tercept, compared mean peak TSB levels and mean hours of
PT exposure between intervention groups. We prespecified that
TSB levels and PT exposure data from patients who died be-
fore day 14 would not be used in the analyses of peak TSB lev-
els and PT hours because these patients died before these out-
comes could be measured, and using incomplete measures
would confer a spurious advantage to the study group with less
time at risk due to early deaths.

The BAER wave V latencies were analyzed using linear re-
gression to adjust for risk strata and PMA at testing. Mortality
and other binary outcomes were analyzed using binomial re-
gression with robust standard errors to adjust for correlated
results within centers (with identity link for risk differences
and log link for risk ratios). Analyses were performed with Stata,
version 15 (StataCorp LLC).

Results
Between March 12, 2014, and November 14, 2018, we screened
727 inborn ELBW infants; 612 were eligible for this study
(Figure 1). Parental or guardian informed consent was re-
quested for 452 infants and obtained for 305 infants (all en-
rolled): 180 (59%) at UT Houston, 43 (14%) at University of Ala-
bama Birmingham, 31 (10%) at Stanford University, 24 (8%) at
UT Medical Branch (Galveston), 17 (6%) at UT Southwestern
(Dallas), and 10 (3%) at UT San Antonio. Enrollment rates were
constrained by limited external funding and unavailability of
study personnel on some days. Of the 305 infants enrolled, the
mean (SD) BW was 749 (152) g and the gestational age was 25.7
(1.9) weeks; 81 infants (27%) were multiple births, 137 infants
(45%) were male, 112 (37%) were black infants, and 107 (35%)
were Hispanic infants.

Randomization to the cycled PT regimen of 30 min/h or
more was discontinued after the interim analysis of the first
100 patients because the mean peak TSB level was similar to
that for the 15-min/h-or-more regimen. By contrast, PT expo-
sure was substantially less with the 15-min/h-or-more regi-
men than with the 30-min/h-or-more regimen (eTable 1 in
Supplement 2). The clinical and demographic characteristics
of 134 patients randomized to continuous PT and of 137 pa-
tients randomized to cycled PT were similar at baseline
(Table 2). No patients were lost to follow-up, and all were ana-
lyzed as randomized.

Outcomes
Consistent with our hypotheses, the cycled PT regimen of 15
min/h or more resulted in a mean peak TSB level that was
below 8.0 mg/dL (crude mean, 7.1; adjusted mean, 7.2; 95%
CI, 6.7-7.8 mg/dL) and only 0.7 mg/dL higher (95% CI, 0.4-1.1
mg/dL) than with continuous PT while reducing the mean PT
exposure from 72 to 34 hours, an adjusted difference of 39
hours (95% CI, 32-45 hours) (Table 3). In subgroup analyses,
the difference between cycled and continuous PT in peak TSB
level was 0.4 mg/dL (95% CI, −0.1 to 0.8 mg/dL) in the high-
risk stratum compared with 1.0 mg/dL (95% CI, 0.5-1.6 mg/
dL) in the low-risk stratum (P = .08 for treatment by risk group
interaction). However, there was no evidence of a treatment-
by-risk stratum interaction for the reduction in PT, which was
39 hours in both strata (Table 3). This combination of sub-
group findings presumably reflects both the more aggressive
PT administration of infants with a BW of less than 750 g
(Table 1) and their greater translucency.

The largest reduction in PT occurred in the first days after
birth (Figure 2). Phototherapy was given no more than 15 min/h
to 82% of patients who received cycled PT. Phototherapy was
administered more than 15 min/h on more than 2 days in 9 pa-
tients who underwent cycled PT, occurring in 4 patients as the
result of a protocol violation. One patient randomized to con-
tinuous PT and 3 randomized to cycled PT met criteria to in-
crease irradiance. No patient met criteria for exchange trans-
fusion. The number of days with any increased PT through day

Figure 1. Consort Diagram

727 With inborn ELBW assessed
for eligibility

307 Excluded
147 Declined to participate

9 Not approached

50 Parent not available
101 Consent not requested

100 Randomized

205 Randomized (total 305)

103 PT ≥15 min/h
(total 137)

102 Continuous PT
(total 134)

134 Continuous PT
analyzed

137 PT ≥15 min/h
analyzed

34 PT ≥30 min/h32 Continuous PT 34 PT ≥15 min/h

100 Interim analysis (dropped
PT ≥30-min/h arm)

612 Eligible

ELBW indicates extremely low birth weight; PT, phototherapy.
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14 for patients who underwent cycled PT is presented in
eTable 2 in Supplement 2.

We were able to obtain BAERs at UT Houston through 2016,
at which time 111 patients had been enrolled and wave V la-
tency had been successfully measured in 90 patients (33 in the
continuous PT arm, 37 in the ≥15-min/h arm, and 20 in the ≥30-

min/h arm). As hypothesized, the mean wave V latencies ad-
justed for PMA at testing were similar: 7.32 milliseconds for con-
tinuous PT vs 7.42 milliseconds for cycled PT (difference, 0.10
millisecond; 95% CI, −0.11 to 0.30 millisecond). Similar re-
sults were obtained for the smaller number of patients treated
in the 30-min/h-or-more arm: 7.36 milliseconds (95% CI, 7.20-
7.50 milliseconds) (eTable 3 in Supplement 2).

As expected, the risk for death with cycled PT was not sta-
tistically significant, but adjusted point estimates for relative
risk (0.79; 95% CI, 0.40-1.54) and absolute risk reduction
(−4.5%; 95% CI, −10.9 to 2.0) were consistent with the find-
ings of prior trials.1,3,4 Wide confidence intervals and no sig-
nificant differences between groups were identified for virtu-
ally all of the assessed morbidities and for the composite
outcomes of death or these individual morbidities (eTable 4
in Supplement 2).

Discussion
Bilirubin encephalopathy at low TSB levels is unpredictable and
rare but does occur,39 which is a reason that conventional
approaches to PT emphasize the goal of minimizing peak TSB
levels in ELBW infants. However, the use of PT should be tem-
pered by recognition of the following:
1. Bilirubin has antioxidant properties that may be beneficial

to ELBW infants with mildly elevated TSB levels,9,40 and bil-
irubin levels that are too low are potentially harmful.

2. The TSB values that cause NDI have been underestimated
in observational studies owing to hypoxia/ischemia, intra-
cranial hemorrhage, infection, hypoglycemia, or other con-
founders that themselves cause NDI.41 The lowest mean
peak TSB value found in any randomized trial to increase
NDI rates among ELBW infants is 9.8 mg/dL (the value as-
sociated with conservative PT in the NRN trial3). No neu-
rodevelopmental benefits of PT were identified in the Col-
laborative PT Trial in the 1970s,1 in which LBW and ELBW
infants were randomized to PT or to no PT.

3. As specified above, PT has a broad variety of serious, po-
tential short- and long-term adverse effects in ELBW
infants.8-26

The decades-long failure to seriously consider whether PT
might increase deaths among some infants followed the widely
accepted conclusion of the investigators in the Collaborative
PT Trial that PT was both safe and effective.1 The findings for
mortality were largely ignored because their analyses indi-
cated values of P > .05, a problem that reflects a long-
standing and pervasive misunderstanding of frequentist sta-
tistics in the medical literature42 that has now prompted a
strong call to abandon the concept of statistical significance.43

Because the probability of treatment benefit or harm can be
directly assessed in bayesian but not frequentist analyses,
bayesian analyses are now increasingly used in analyzing clini-
cal trials.6,44-47 Such analyses4 identified a 92% probability that
PT increased deaths among ELBW infants in the Collabora-
tive PT Trial and found a 99% probability that aggressive use
of PT increased deaths among ventilated infants with a BW of
750 g or less in the NRN PT Trial.7

Table 2. Baseline Clinical and Demographic Comparisons

Characteristic

No. (%) of patients

Continuous PT
(n = 134)

Cycled PT
≥15 min/h
(n = 137)

Gestational age, mean (SD), wk 26.1 (1.9) 26.1 (1.9)

Birth weight, mean (SD), g 736 (151) 754 (149)

Male sex 64 (48) 63 (46)

Race/ethnicity

White 75 (56) 77 (56)

Black 51 (38) 50 (37)

Hispanic 47 (35) 52 (38)

Antenatal steroid 125 (93) 119 (87)

Magnesium sulfate 125 (93) 119 (87)

Multiple birth 27 (20) 40 (29)

Cesarean delivery 113 (84) 104 (76)

Apgar score, median (IQR)

1 min 4 (4) 4 (4)

5 min 7 (3) 7 (3)

Baseline hematocrit, mean (SD)

% 43.6 (6.9) 42.3 (7.1)

Age, h 2.5 (2.8) 2.1 (2.8)

Positive Coombs test result

Mother (indirect antibody
screen)

5 (4) 4 (3)

Infant (direct antibody test) 0 2 (1.5)

Maternal blood group O 63 (47) 81 (59)

Maternal Rh positive 122 (92) 133 (97)

Infant blood group O 65 (49) 84 (61)

Infant Rh positive 119 (89) 123 (90)

Baseline TSB level, mean (SD),
mg/dL

3.4 (1.0) 3.6 (1.1)

Baseline TSB age, mean (SD), h 11.7 (5.7) 11.9 (5.8)

High risk 60 (45) 61 (45)

Intubated at randomization,
No./total No. (%)

60/60 (100) 61/61 (100)

Birth weight ≤750 g,
No./total No. (%)

60/60 (100) 61/61 (100)

Birth weight, mean (SD), g 629 (99) 626 (86)

Gestational age, mean (SD),
wk

25.0 (1.4) 24.8 (1.5)

Low risk 74 (55) 76 (55)

Intubated at randomization,
No./total No. (%)

27/74 (37) 36/76 (47)

Birth weight ≤750 g,
No./total No. (%)

16/74 (22) 11/76 (14)

Birth weight, mean (SD), g 823 (129) 857 (103)

Gestational age, mean (SD),
wk

27.0 (1.7) 27.1 (1.7)

Abbreviations: IQR, interquartile range; PT, phototherapy; TSB, total serum
bilirubin.

SI conversion factor: To convert TSB level to micromoles per liter, multiply by
17.104.
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In trying to increase the safety of PT, we administered PT
to both treatment groups in the present study using narrow-
spectrum blue light, which is likely to have a more favorable
risk to benefit ratio48,49 than the white light administered to
most or all infants in the NRN PT and Collaborative PT Trials.
Reduced irradiance levels were not used in the present study
because of the mortality findings in the Collaborative PT Trial,
in which irradiance levels were substantially lower than those
with current PT lamps.7

Our cycled PT regimen of 15 min/h or more substantially
reduced PT exposure below that with conventional continu-
ous PT, particularly during the first few days after birth when
ELBW infants are often sickest and their skin most translu-
cent. The mean total PT (37 hours) was also much lower than
with aggressive PT (88 hours) and close to that with conser-
vative PT (35 hours) in the NRN PT trial.3 Yet, the mean peak
TSB level was 7.2 mg/dL, which is only 0.7 mg/dL higher than

that with continuous PT in our trial, only 0.2 mg/dL higher than
with aggressive PT, and only 2.6 mg/dL lower than with con-
servative PT.3 Our BAER findings were reassuring that cycled
PT did not result in discernible bilirubin neurotoxicity. It is plau-
sible that the use of cycled rather than continuous PT would
reduce the risk of NDI at the same peak TSB level by prevent-
ing life-threatening illness or other problems or cointerven-
tions that displace bilirubin from albumin or compromise the
blood-brain barrier.7-9,12,15,50

Limitations
The limitations of our study include a majority of patients from
a single center and a sample size too small to identify whether
cycled PT increased survival or survival without NDI of
ELBW infants (an outcome to be reported separately for UT
Houston). However, our trial did involve the second-largest
number of ELBW infants studied in any PT trial to date.

Conclusions

Whether conventional continuous PT should be routinely ad-
ministered to extremely premature infants is called into ques-
tion by the present findings, the disturbing mortality data of
the prior Collaborative and Network trials,1,3 and the accru-
ing evidence that exposure to bright light may be hazardous
to these infants. The mean peak TSB level was only 0.4 mg/dL
higher with cycled PT than continuous PT in our highest-risk
stratum of patients, and the use of cycled PT may be most ben-
eficial for the smallest and most immature infants.

Because the toxicity of most therapies is dose related, a
clinical maxim has been to use the lowest effective dose of
therapy. Based on this maxim and the findings of all major PT
trials to date, cycled PT is an evidence-based treatment op-
tion for ELBW infants. Indeed, the burden of proof should ar-

Table 3. Main Outcomes

Outcome

Phototherapy

Adjusted difference (95% CI)a,bContinuous ≥15 min/h
Primary outcomes

Peak TSB level, mg/dLc

All patients, No.d 128 128

Mean (SD) 6.4 (1.4) 7.1 (1.7) 0.7 (0.4 to 1.1)

High risk, No. 55 53

Mean (SD) 6.2 (1.2) 6.6 (1.4) 0.4 (−0.1 to 0.8)

Low risk, No. 73 75

Mean (SD) 6.5 (1.5) 7.5 (1.9) 1.0 (0.5 to 1.6)

Phototherapy, hc

All patients, No. 128 128

Mean (SD) 72 (34) 34 (19) −39 (−45 to −32)

High risk, No. 55 53

Mean (SD) 70 (30) 31 (20) −39 (−49 to −29)

Low risk, No. 73 75

Mean (SD) 75 (36) 36 (18) −39 (−48 to −30)

Secondary outcome of mortality, No./total
No. (%)

18/134 (13.4%) 14/137 (10.2%) −4.5% (−10.9 to 2.0)

Adjusted relative risk (95% CI)a,e 0.79 (0.40 to 1.54)

Abbreviations: PT, phototherapy;
TSB, total serum bilirubin.

SI conversion factor: To convert TSB
level to micromoles per liter, multiply
by 17.104.
a Results adjusted using linear

mixed-effects models, including risk
stratum and a treatment by risk
stratum interaction term with a
center-level random intercept.

b Continuous PT is the reference
category and cycled PT the
comparator category.

c Data from 15 patients not surviving
to day 14 were not included in these
analyses.

d P = .08 for treatment by risk group
interaction.

e Adjusted for risk strata using
binomial regression (identity link for
risk differences and log link for risk
ratios) and using robust standard
errors to adjust for correlated
results within centers.

Figure 2. Phototherapy (PT) Hours per Day
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guably be on those who recommend continuous PT to show
that it has a more favorable risk to benefit ratio than cycled PT
for extremely premature infants. To augment the evidence base

about how best to treat these infants, a large, randomized trial
of cycled or continuous PT is needed to assess the effects on
their rates of survival and of survival without NDI.
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