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Abstract
Objective—Evaluate the efficacy of phototherapy (PT) devices and the outcomes of extremely
premature infants treated with those devices.

Study Design—This substudy of the National Institute of Child Health and Human
Development Neonatal Research Network PT trial included 1404 infants treated with a single type
of PT device during the first 24±12 h of treatment. The absolute (primary outcome) and relative
decrease in total serum bilirubin (TSB) and other measures were evaluated. For infants treated
with one PT type during the 2-week intervention period (n =1223), adjusted outcomes at discharge
and 18 to 22 months corrected age were determined.

Result—In the first 24 h, the adjusted absolute (mean (±s.d.)) and relative (%) decrease in TSB
(mg dl−1) were: light-emitting diodes (LEDs) −2.2 (±3), −22%; Spotlights −1.7 (±2), −19%;
Banks −1.3 (±3), −8%; Blankets −0.8 (±3), −1%; (P<0.0002). Some findings at 18 to 22 months
differed between groups.

Conclusion—LEDs achieved the greatest initial absolute reduction in TSB but were similar to
Spots in the other performance measures. Long-term effects of PT devices in extremely premature
infants deserve rigorous evaluation.
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Introduction
The first phototherapy (PT) device used fluorescent bulbs and was described in 1958.1 PT
has long since become the primary therapy for hyperbilirubinemia in neonates. Current
options for PT include conventional fluorescent lights (Banks), halogen spotlights (Spots),
fiberoptic blankets (Blankets) and the relatively new blue light-emitting diode (LED) lights.2

The theoretical advantages of LED lights include a narrow light spectrum in the blue range,
minimal heat production, power efficiency and low-maintenance requirements.3

Although these types of PT devices are used routinely in neonatal units around the world,
there are relatively few studies in premature infants. A few small studies have compared the
effectiveness of conventional PT with Blankets in premature infants.4–9 Comparisons of
LEDs with other types of PT have been limited to small trials of term or preterm
infants.10–13 For extremely low birth weight (ELBW) infants, very little is known about the
efficacy of the various PT devices under ‘real world’ conditions or any effects on clinical
outcomes. Important effects on later outcomes would be most likely seen in ELBW infants
whose skin is relatively translucent and would allow deeper penetration of the PT lights.14

The National Institute of Child Health and Human Development (NICHD) Neonatal
Research Network conducted a randomized trial comparing the use of aggressive PT with
more conservative PT in ELBW infants.15 We used data from this trial to perform a
prospective non-randomized comparison of the effectiveness of different PT devices in the
ELBW population. Our primary outcome was the absolute decrease in total serum bilirubin
(TSB) in the first 24 h of treatment. Secondary outcomes included length of PT, irradiance
levels, proportion of infants whose TSB increased to within 2 mg dl−1 of the exchange
transfusion criterion, the incidence of medical morbidities and adverse neurodevelopmental
outcomes. Based on their theoretical advantages, we hypothesized that LEDs would produce
the largest drop in TSB during the first 24 h of treatment. No specific hypotheses were
formulated about other outcomes.

Methods
The Neonatal Research Network trial was approved by the Institutional Review Board of all
the participating centers (see Appendix). Written informed consent was obtained for all
infants (n =1974). Infants were stratified by birth weight (501 to 750 g and 751 to 1000 g)
and center and then randomized to either aggressive or conservative PT. For this substudy,
we excluded infants who were initially treated with more than one type of PT light (n =90),
had type of PT-light information missing (n =264) or received no PT in the main trial (n
=216). The remaining 1404 infants were included in evaluating the performance of the PT
devices in the first 24±12 h. (Figure 1) Medical morbidities and neurodevelopmental
outcomes were evaluated in the 1223 infants who were treated with only one type of PT
during the 2-week intervention period.

The absolute decrease in TSB in the first 24 h was selected as the primary outcome because
it was considered the most direct measure of the efficacy of the PT device. The pretreatment
TSB was mandatory in the first 200 infants enrolled in the PT trial but was subsequently
optional because of concerns of excessive blood loss and refusal of consent by parents.
Therefore, the TSB within 4 h before the initial start of PT was collected and then repeated
within 24±12 h in 1142 of the infants. The mean absolute and relative change in TSB was
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calculated for each device group. We considered a decrease in TSB of >1.5 mg dl−1 to be
clinically significant and calculated the proportion of infants attaining this in the first 24 h
for each device group.

The criteria for starting PT, for performing an exchange transfusion and for stopping and
restarting PT during the first 14 days were previously described.15 The medical staff
selected the type of PT device. Any time PT was started it was continued for a minimum of
24 h. PT was intensified at TSB values of 11 mg dl−1 for infants 501 to 750 g and 13 mg
dl−1 for infants 751 to 1000 g. The definition of ‘high TSB’ was predefined as a TSB within
2 mg dl−1 of the predetermined exchange transfusion criterion (≥11 mg dl−1 for 501 to 750 g
infants and ≥13 mg dl−1 for 751 to 1000 g infants). By protocol, an exchange transfusion
was indicated in both the treatment groups if the TSB exceeded the threshold values after 8
h of intensified treatment. Among all the infants in the main trial, two infants in the
aggressive cohort and three infants in the conservative cohort received an exchange
transfusion.

Devices were categorized as Banks, Blankets, Spots and LEDs. The irradiance levels were
maintained between 15 and 40 μW cm−2 nm and were monitored by research nurses on
weekdays and by bedside nurses per nursery routine. Irradiance was measured at the
umbilicus for supine infants and the lumbar area for prone infants using an Ohmeda
Biliblanket Meter. (Biliblanket meter no. 66000198-900; Ohmeda Medical, Laurel, MD,
USA). To minimize handling of infants treated with Blankets, the irradiance was measured
only on the first day. The mean irradiance level was determined for each device group
among the 1223 infants who received only one type of PT light throughout the intervention
period.

Other secondary outcomes were determined for infants treated with only one type of PT for
the duration of the 14-day study period. The secondary outcomes evaluated and included the
total duration of PT, the proportion of infants who reached a high TSB, medical morbidities
and neurodevelopmental outcomes as determined by trained and certified examiners. Pre-
discharge medical morbidities recorded by research nurses using pre-specified definitions
included bronchopulmonary dysplasia (oxygen administration at 36 weeks post menstrual
age), patent ductus arteriosus (PDA), retinopathy of prematurity, intraventricular
hemorrhage grade 3 or 4, necrotizing enterocolitis and death.15 Neurodevelopmental
impairment at 18 to 22 months corrected age was defined as at least one of the following:
blindness (no functional vision in either eye), severe hearing loss (any hearing loss with
bilateral hearing aids prescribed), moderate or severe cerebral palsy, or Bayley Scales of
Infant Development II mental development index (MDI) or psychomotor development index
<70 (two s.d. below the mean).16

Statistical analysis
The demographic and perinatal variables were compared by using analysis of variance for
continuous variables and χ2 tests for categorical variables. Model-based analyses were used
to obtain adjusted estimates of device effects after controlling for treatment group,
stratifying variables (center and birth weight group) and other potential confounders (sex,
race and gestational age (continuous)), and the dichotomous measure of 5 min Apgar score
<5. Each model was initially fit with a device by treatment arm interaction to assess the
potential effect modification of treatment on device type. Because these models showed no
evidence of an interaction, only the results for the main effect of device-type controlling for
treatment are presented. For binary outcome measures, an overall test of device effect and
adjusted relative risk (RR) estimates (with LEDs as the reference category) were calculated
using robust Poisson regression in a generalized estimating equation model.17 For
continuous outcome measures, the overall test of device effect and adjusted device-specific
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means were obtained using general linear models. No adjustments were made for multiple
comparisons. All the analyses were conducted using SAS (v 9.2) software (SAS Institute,
Cary, NC, USA).

Results
The number and proportion of infants initially treated with each PT device were: Spots 464
(33%), Banks 435 (31%), LEDs 364 (26%) and Blankets 141 (10%). The baseline
demographics and perinatal variables are listed in Table 1. Race was significantly different
between device types (P<0.001). Marginally significant differences were observed for birth
weight and gestational age. Although the adjusted model showed statistically significant
differences in the pretreatment TSB across PT device types, the small differences have
doubtful clinical importance (Table 2).

The differences in the mean TSB levels 24±12 h after initial start of PT, the absolute
decrease (primary outcome) and relative decrease in TSB across the PT devices were
statistically significant in unadjusted and adjusted models. The adjusted absolute decrease in
TSB for LEDs (−2.2 mg dl−1) was significantly greater than that for Spots (−1.7 mg dl−1; P
=0.0038), Banks (−1.3 mg dl−1; P<0.0001) and Blankets (−0.8 mg dl−1; P<0.001). The
adjusted absolute decrease in TSB for Spots was significantly greater than that for Blankets
(P =0.007) and Banks (P =0.042). The adjusted absolute decrease in TSB for Banks
compared with that for Blankets was similar. LEDs and Spots had a similar adjusted relative
decrease in TSB (−22% and −19%, respectively) and both were significantly greater than
Banks (−8%; vs LEDs P =0.0025; vs Spots P =0.032) and Blankets (−1%; vs LEDs P
=0.0087; vs Spots P =0.015).

The unadjusted and adjusted proportion of infants in each group with >1.5 mg dl−1 decrease
in TSB in the first 24 h of treatment differed among the groups. LEDs were more likely to
achieve this decrease than either Blankets or Banks (P =0.0006 and P =0.0066, respectively)
and Spots were more likely to achieve this decrease than Blankets (P =0.0070). The
unadjusted proportions of infants who reached a high TSB were similar between the device
groups (P =0.74). The adjusted analyses could not be performed for this variable because of
the small number of events in each group.

The mean irradiance levels over the intervention period were statistically different with
Banks having the lowest irradiance of all groups. Spots and Blankets were statistically
similar and had the highest mean irradiance levels. (Table 2) The adjusted mean duration of
PT treatment was different between the device groups. LEDs had the shortest duration of
PT, significantly less than Blankets or Banks (P =0.0011 and P =0.0014, respectively), but
not different from Spots (P =0.18). The adjusted duration of PT for Blankets and Banks was
statistically similar.

Over the 14-day intervention period, 1223 infants received a single type of PT: LEDs 307
(25%), Blankets 117 (10%), Banks 378 (31%) and Spots 421 (34%). The medical outcomes
for these infants prior to discharge are shown in Table 3. After adjusting for the variables in
our model, the only statistically significant comparisons were a decreased RR for PDA (RR
(95% confidence interval (CI)) 0.65 (0.44, 0.96)) and PDA or death (RR (95% CI) 0.68
(0.49, 0.92)) for infants treated with Blankets compared with LEDs. In adjusted results not
shown in Table 3, Blankets also showed a decreased RR for PDA compared with Banks (RR
(95% CI) 0.55 (0.37, 0.82)) and Spots (RR (95% CI) 0.66 (0.46, 0.95)) and a decreased RR
for PDA or death compared with Banks (RR (95% CI) 0.60 (0.44, 0.83)) and Spots (RR
(95% CI) 0.69 (0.51, 0.92)). For necrotizing enterocolitis, there was a decreased RR for
Blankets compared with Spots (RR (95% CI) 0.40 (0.17, 0.96)).
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The infant outcomes at 18 to 22 months corrected age are shown in Table 4. For death or
neurodevelopmental impairment (primary outcome of main trial), neither the unadjusted nor
the adjusted analyses showed a difference in risk among the PT devices. The only significant
infant outcomes were in relation to MDI <85 and death or MDI <85. For MDI <85, Blankets
were associated with a decreased risk compared with LEDs (RR (95% CI) 0.68 (0.48, 0.96)),
whereas Banks showed an increased risk compared with LEDs (RR (95% CI) 1.23 (1.02,
1.49)). In results not shown in Table 4, Blankets had a decreased risk of MDI <85 compared
with Banks (RR (95% CI) 0.55 (0.39, 0.79)) and Banks had an increased risk compared with
Spots (RR (95% CI) 1.54 (1.21, 1.96)). For death or MDI <85, Banks showed an increased
risk compared with the other devices: LEDs (RR (95% CI) 1.16 (1.02, 1.33)), Spots (RR
(95% CI) 1.26 (1.08, 1.48)) and Blankets (RR (95% CI) 1.43 (1.12, 1.85)).

Discussion
Among PT devices used to treat hyperbilirubinemia in this large group of ELBW infants,
LEDs were associated with the largest absolute decrease in TSB in the first 24±12 h of PT.
LEDs and Spots were similar for the relative decrease in TSB and duration of treatment.
LEDs performed better than Banks and Blankets but similar to Spots in reducing TSB >1.5
mg dl−1 within 24±12 h of PT. Overall, LEDs and Spots appeared to have similar
effectiveness and duration of treatment. This information could be important for clinicians
starting PT on ELBW infants with a high TSB where a rapid response is desired to minimize
the possibility of bilirubin encephalopathy, need for an exchange transfusion and exposure
to PT. The LED devices were effective despite a relatively lower irradiance probably
because the emitted light is in the maximally effective range of 450 to 470 nm and not
diluted with other wavelengths that would be included in the measurement range (400 to 520
nm) of the Ohmeda Biliblanket Meter.

Maintaining and monitoring irradiance levels will be important for obtaining similar results
in clinical practice. The NICHD PT trial had a PT target range of 15 to 40 μW cm−2 nm
which was significantly higher than the estimated irradiance of 6 to 10 μW cm−2 nm used in
the first NICHD PT trial.18 This irradiance may be higher than some older PT devices can
attain. Even with the newer PT lights, the positioning of the light and distance from the
infant can dramatically affect the achieved irradiance levels and the surface area affected.19

In this study, the poor performance of the Banks could be related to the relatively low
irradiance levels achieved either from older PT units or positioning. The Blankets had the
highest mean irradiance level but were not very effective. A potential explanation for this
could be the skin surface area irradiated by the Blankets. Dicken20 estimated that the
fraction of the total surface area irradiated by a Blanket to be 6% for a term infant and 9%
for a preterm infant compared with 33% for overhead banks. Tayman recently compared
overhead and underneath LED devices with identical irradiances (30 μW cm−2 nm) in
infants ≥35 weeks.21 The results demonstrated that the overhead units were more effective
in reducing TSB levels and had a shorter duration of PT. They theorized that the overhead
unit illuminated a larger surface area resulting in better efficacy. Our findings would support
the concept of an overhead PT system being more effective than a system below the infant
given similar irradiance levels.

In evaluating therapies, it is important to consider clinical and neurodevelopmental
outcomes beyond discharge especially in this vulnerable population. The NICHD Neonatal
Research Network PT trial provided an opportunity to explore the possibility that different
PT lights may have divergent effects. However, our findings here should be interpreted with
caution because the assignment of PT devices was not randomized, which introduced a
potential for bias and created device groups of different sizes, and a large number of
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comparisons were performed. It is reassuring to know that for death or neurodevelopmental
impairment (primary outcome of the NICHD PT trial) and almost all of the other outcomes,
there were no significant differences in risk among the PT devices. However, the wide CIs
for this and other outcomes do not exclude the possibility of important differences in the
long-term effects of these commonly used devices.

There were a few differences that deserve some discussion. Infants treated with Blankets
were at lower risk for PDA and PDA or death compared with those treated with the other PT
devices. There was also a decreased risk of NEC with Blankets compared with Spots,
however, this was not found for the combined outcome of NEC or death. Could there be
different physiological effects for an ELBW infant lying on their back on a biliblanket vs an
overhead PT light? There have been trials showing a hemodynamic effect from PT. In a
small randomized trial, chest shielding during PT reduced the frequency of PDA and length
of hospital stay,22 but in another trial this effect was not found.23 Benders et al24,25 has
shown hemodynamic changes in term and premature infants while on PT, which resolved
when PT was stopped. Pezzati et al26 and Yao et al27 have shown changes to the
postprandial mesenteric blood flow with conventional PT. Pezzatti et al did not find these
blood flow changes with fiber-optic PT. The recent NICHD PT trial did not show a
difference in the RR of PDA or death (RR (95% CI) 0.95, (0.88, 1.02)), PDA (RR (95% CI)
0.93 (0.86, 1.02)) or NEC (RR (95% CI) 0.9 (0.70, 1.14)) between the aggressive and
conservative groups despite a very significant difference in the duration of PT treatment (88
vs 35 h, P<0.001).15 These results in a large randomized trial would argue against a causal
association between PT and PDA or NEC.

An important outcome associated with bilirubin encephalopathy is hearing loss. We could
detect no difference between the device groups in the prevalence of severe hearing loss or
severe hearing loss and death. However, hearing loss was an infrequent outcome limiting
our power to detect associations.

The only outcomes at 18 to 22 months corrected age that differed among the PT device
groups were MDI <85 and death or MDI <85. The results suggest that infants treated with
Banks had an increased risk for either of these outcomes compared with the other three
device types. In addition, Blankets had a decreased risk for MDI <85 compared with LEDs
but not for the composite outcome of death or MDI <85. We do not have a plausible
biological theory to explain these findings. These differences were not hypothesized before
the study and due to the large number of comparisons performed could be because of
chance.

PT is administered to the great majority of ELBW infants. This study represents the largest
sample of ELBW infants treated with PT and analyzed to assess the performance of the
devices and the outcomes of the infants. LED lights were the most efficient at reducing the
absolute TSB in the first 24±12 h of treatment but were similar to Spots in the other
performance measures. Our findings indicate short-term differences in the efficacy of the
devices used to administer this therapy and the possibility of important differences at 18 to
22 months. Different PT devices being developed or used in treating high-risk infants
deserve rigorous testing in randomized trials that include both short- and long-term follow-
up assessments.
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Figure 1.
Enrollment, PT type and survival of study patients.
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