
1 
 

 
Cycled Phototherapy: A Safer Effective Method to Control  

the Serum Bilirubin of Extremely Premature Infants?    
 
 

IND Number Not Applicable   
 
NRN ID number:   NICHD-NRN-0061 
 
ClinicalTrials.gov Identifier: NCT03927833 
 
Lead Study Investigators:   Jon Tyson, MD, MPH, UT Houston and Cody Arnold, MD, MSc,  Stanford 
  
Subcommittee Members  Ed Bell, MD, University of Iowa  

Wally Carlo, MD, University of Alabama at Birmingham 
Lee Ann Merin, RN, University of Alabama at Birmingham 
Sandra Bauman, MSN, University of New Mexico  
Amir Khan, MD, UT Houston 
Claudia Pedroza, PhD, UT Houston,  

     Brenda Poindexter, MD, MS, Emory University (Co-Chair) 
    Emily Stephens, BSN, RNC-NIC, UT Houston   

David Stevenson, MD, Stanford 
Kristi Watterberg, MD, University of New Mexico 
 
 

 
     
Version Number  2.0 
Version Date    3/30/2022 

 
 

 
  



2 
 

Contents   
Section 1. Synopsis…………………………………………………………………………………3-5  

Section 3. Statement of Problem ............................................................................................   
3.1. Primary Hypothesis or Question….. ............................................. ……….6 
3.2. Secondary Hypotheses …………...………………… ........ …………………6 
3.3. Background and Rationale .................................................................. 6-13 

Section 4. Methods ................................................................................................. 14 
4.1. Study Population .................................................................................... 14 

4.1.1. Inclusion Criteria ......................................................................... 14 
4.1.2. Exclusion Criteria ....................................................................... 14 

4.2. Detailed Study Procedures .................................................................... 14  
4.2.1. Screening (if applicable) ............................................................. 14 
4.2.2. Consent Procedures ................................................................... 14 
4.2.3. Exposure(s) and Comparison(s) ............................................ 14-15 
4.2.4. Blinding/Masking ........................................................................ 15 
4.2.5. Confounding ............................................................................... 15 
4.2.6. Effect Modifiers........................................................................... 15 
4.2.7. Primary Outcome ....................................................................... 15 
4.2.8. Secondary Outcomes (if applicable) ........................................... 16 
4.2.9. Study Specimens (if applicable) ................................................. 16 
4.2.10.Post-hospital Procedures (if applicable) ...................................... 16 
4.2.11.Follow-up at 24-months (if applicable) ......................................... 16 
4.2.12.Additional Follow-up Assessments (if applicable) ........................ 16 

4.3. Potential Risks and Benefits to Subjects ................................................ 16 

Section 5. Analytical Plan and Study Interpretation ............................................................ 17 
5.1. Statistical Analysis Plan ......................................................................... 17 
5.2. Sample Size, Power Estimates, and Projected Trial Duration ........... 17-18 
5.3. Interpretation of Findings ....................................................................... 18 
5.4. Study Monitoring Plan and Stopping Guidelines ........... …………………18 

                       5.5. Adverse Event Reporting .................................................................... TBD 
 

Section 6.        Study Strengths and Limitations……………………….………………………….   19  

Section 7.      References ……………………………………………………………………………20-22.  
 
Note: Study Forms will be included in conjunction with the Manual of Operations 
 



3 
 

Section 1. Synopsis 

Rationale. Were they not delivered early, extremely premature infants would normally develop in darkness 
within the uterus for 3-4 more months longer before birth. Yet, the routine care of these infants has involved the 
use of uninterrupted (continuous) exposure to bright light during phototherapy (PT), a treatment method that 
neonatologists have assumed has no serious adverse effects on even the most immature of newborns. As 
indicated below, this assumption is neither evidence-based nor biologically plausible. 
    Evidence from randomized trials that continuous PT increases the mortality of small premature babies. 
There is only one large randomized trial comparing PT to no PT: the NICHD Collaborative PT Trial which 
assessed continuous PT in treating infants enrolled during the 1970s. Contrary to the primary hypothesis, no 
neurodevelopmental benefits of PT were identified.  Moreover, the findings were compatible with a 32% 
increase in mortality among all LBW infants (relative risk [RR] for death with PT = 1.32; 95% confidence 
interval = 0.96-1.82) and a 49% increase among infants <1000 g BW (RR = 1.49 [0.93-2.40]).  
    Were it a drug, PT would have been denied FDA approval which requires the treatment benefits to outweigh 
the potential harms. Yet, as has happened in other studies when serious potential hazards were ignored, any 
concerns about the safety of PT were dismissed by the investigators simply because the mortality difference 
between treatment groups was not statistically significant. Their conclusion that PT is both safe and effective 
prompted routine use of PT for ever smaller and more immature newborns in neonatal ICUs around the globe.     
    There is only one other large PT trial: our Neonatal Research Network (NRN) trial comparing aggressive PT 
(AgPT) and conservative PT (ConPT) (treatment regimens differing only in the total bilirubin [TB] thresholds 
for providing PT). While AgPT reduced neurodevelopmental impairment (NDI) in this trial it also significantly 
increased mortality among <750 g ventilator-treated infants (RR =1.19; 95% CI (1.02-1.39). This increase in 
mortality was found even though 80% of the ConPT group received PT, a factor that would diminish any 
difference between groups in any adverse effects of PT. Moreover, conservative Bayesian analyses (using a 
neutral prior probability) identified not only a 99% likelihood that AgPT increased deaths among <750 g 
ventilator-treated infants in the NRN trial but also a 92% likelihood that PT increased deaths among all 
extremely low birth weight (ELBW; <1000 g) infants in the Collaborative Trial. Both trials involved continuous 
(uninterrupted) administration of PT whenever the TB exceeded the treatment threshold.    
    Mechanisms by which continuous PT is likely to increase mortality. Immaturity, thin translucent skin, and a 
multitude of other problems may make extremely premature infants highly vulnerable to the photo-oxidative 
injury, lipid peroxidation, DNA damage, reduced cerebral and mesenteric blood flow, or other serious potential 
hazards of uninterrupted exposure to PT that have now been identified. Such hazards were not recognized 
when continuous PT was widely incorporated into neonatal care, and the survival rate of extremely premature 
infants (<27 wks gestation or <750 g birth weight) was much lower than today.    
    PT was not subjected to the careful dose-finding studies that are ordinarily performed before therapies 
known to be toxic are introduced into the care of vulnerable patients. The history of neonatology is replete with 
therapies that proved to be hazardous in small premature infants at doses that are well tolerated in larger and 
more mature infants.  The increased mortality associated with PT in the trials noted above may simply be due 
to an excessive “dose” of PT, particularly in the first few days after birth when the infants are most fragile, their 
skin is most translucent, and their TBTB levels are lowest. If so, an increase in mortality could be avoided by 
administering no more PT than needed to prevent unsafe TB levels.   
    Cycled PT as a method to avoid unnecessary PT likely to increase mortality among small, sick preterm 
infants. PT rapidly photoisomerizes bilirubin in the subcutaneous tissues and vasculature, and six trials of 
cycled PT have demonstrated that use of cycled PT reduces the total hours of PT and results in minimal or no 
increase in peak TB over that with continuous PT in term or moderately preterm infants. As described herein, 
we have conducted a 5-center randomized dose-finding trial of cycled PT involving 305 ELBW infants, the 
second greatest number of ELBW infants in any PT trial to date. PT was provided using the same treatment 
thresholds and irradiance as used for AgPT in the NRN trial, and PT was cycled using a simple automated 
timer. The findings support a PT regimen in which PT is provided for 15 min/h and increased only if the TB 
reached pre-specified levels. Among infants < 750 g birth weight in this trial, PT was increased to 30 min/h if 
the TB was 8.0-9.9 mg/dL and to 60 min/h if the TB was > 10 mg/dL. This regimen substantially reduced the 
total hrs of PT, particularly in the first 4 days after birth and resulted in a mean peak TB of 7.0 mg/dL, only 0.6 
mg/dL higher than with continuous PT.  For reasons noted below, this is considered to be a trivial difference in 
the TB of the two groups.   
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    Cycled PT as a method to prevent unsafe TB levels that may cause NDI among infants in the proposed trial. 
Our dose-finding trial provided strong evidence that cycled PT regimen adequately controls TB:  
    1) Auditory brain-stem evoked responses (BAERs) were assessed, and no increase in the latency of wave 
V--a sensitive indicator of even transient bilirubin neurotoxicity—was found with cycled PT vs. continuous PT.  
    2) The peak TB level with cycled PT (7.0 mg/dL) was identical to that with continuous AgPT that reduced 
NDI in the NRN trial even though the total PT hrs were if anything lower than with ConPT (mean 33 vs. 35 hrs).  
    3) The peak TB level of 7.0 mg/dL is clearly lower than the lowest peak TB ever shown in a randomized trial 
to increase NDI (9.8 mg/dL for the ConPT in the NRN trial). In the Collaborative Trial, a mean peak TB of 9.9 
among the infants who received no PT at all was not associated with NDI at 6 years age when compared to the 
infants treated with PT who had a mean peak TB of 6.8 mg/dL.   
    4)  At the same peak or even a somewhat higher TB value, the risk of bilirubin neurotoxicity and NDI may 
well be lower with cycled PT than with continuous PT. Reasons include: a) as indicated above, cycled PT is 
expected to reduce life-threatening illnesses in the babies to be studied. The risk of NDI at a given TB is known 
to be higher among severely ill babies than healthier but otherwise similar infants; b) cycled PT may reduce the 
risk of brain injury to small premature infants by reducing a variety of known or suspected hazards of PT (e.g., 
DNA damage, blood flow alterations, hemolysis [that would not only increase bilirubin production but could 
cause bilirubin to be displaced from albumin]) and photo-oxidative injury and lipid peroxidation [that might 
compromise the blood brain barrier]; and c) administration of cycled PT using blue lights as in the dose-finding 
pilot and the proposed trial is likely to be more effective and to have a lower risk/benefit ratio in 
photoisomerizing bilirubin than white light PT that was used exclusively or commonly in the prior Collaborative 
and NRN trials and has often been used in clinical practice.        
    For the above reasons, careful scrutiny of the best available evidence indicates no reasonably foreseeable 
basis to conclude that patient risk would be increased by participation in this trial. If anything patient safety is 
likely to be greater and the risk of adverse outcomes lower in extremely premature infants treated with cycled 
PT.  The proposed trial is thus a minimal-risk safety study in which extremely premature infants (<750 g BW or 
<27 wks GA) would be randomized to either AgPT, a continuous PT regimen commonly used in NRN centers, 
or to the >15 min cycled PT regimen supported by our dose-finding study.  This pragmatic trial is designed to 
minimize the sample size, data collection, study duration, and cost in testing the hypotheses and providing the 
data needed to change clinical practice if appropriate in accordance with the tenets to 1) first do no harm and 
2) use the lowest effective dose of a therapy to reduce the risk of known or unknown treatment hazards.   
 
Hypotheses.  
1. The >15 min/h cycled PT regimen will control peak TB (mean <8.0 mg/dL) and reduce total PT h by >60% in 
the 1st 4 d & >40% in 1st 14 d after birth. 
2. Cycled PT is likely to increase survival over that with continuous PT. As estimated in conservative Bayesian 
analyses (using a neutral prior probability), the (posterior) probability will be >70% that cycled PT increases 
survival to discharge (1°outcome).* 
3.  Cycled PT will not substantially increase (as indicated by a RR <1.20) death or major neonatal morbidity: 
(severe ICH, PVL, BPD, NEC or spontaneous intestinal perforation, late onset sepsis, > stage 3 ROP).  
   

*The sample size to be studied (n=1700) affords 80% Bayesian power to identify the hypothesized posterior probability. It also affords 
>80% power with an alpha error of 0.05 in frequentist analyses to identify increased survival to discharge (mortality RR <0.76), with a 
number needed to treat = 19). 
 
Design Type. Pragmatic randomized clinical trial addressing patient safety  
 
Exposure and Comparison.1) The >15 min/h cycled PT regimen assessed in our dose-finding trial (with the 
same irradiance targets and TB indications as for AgPT);  2) AgPT, a continuous PT regimen commonly used 
in NRN centers and shown in the prior NRN PT trial to reduce both profound and severe NDI in ELBW infants. 
 
Eligibility Criteria. Inborn infants <750 g BW or <27 wks GA (by best obstetric estimate) without known 
hemolytic disease, major anomaly, overt nonbacterial infection or a very high likelihood of death (pH<6.80 or 
persistent bradycardia with hypoxia for >2h) who can be enrolled by 12-36 h of age.  
 
Primary Outcome. Survival to discharge.  
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Secondary Outcomes. Predischarge: Mean total h of PT; mean total irradiance hours; mean peak TB; 
mean TB; major neonatal morbidity (severe ICH, ventricular enlargement of cystic white matter disease, BPD, 
late onset sepsis, NEC or spontaneous intestinal perforation, or >stage 3 ROP); the component pre-discharge 
morbidities; and patent ductus arteriosus treated with surgery or NSAIDS. Post-discharge:  NDI and either 
death or NDI (assessed in generic follow-up of infants <27 wks gestation).  
 

Section 2. Conflict of Interest Disclosures. None.  
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Section 3. Statement of Problem 

Primary Hypothesis. Cycled PT is likely to increase survival over that with continuous PT. As estimated in 
conservative Bayesian analyses (using a neutral prior probability), the (posterior) probability will be >70% that 
cycled PT >15 min/h increases survival to discharge (1°outcome) above that with AgPT among extremely 
premature infants (< 750 g BW or <27 weeks GA).  
     As discussed in the sample size section, the trial will have >80% power to assess this hypothesis in 
Bayesian analyses and to assess a 5.3% absolute increase in survival to discharge (from 78 to 83.3%) and a 
RR of death<0.76 (16.7%/22%) in frequentist analyses.  
 
Secondary Hypotheses.  
1. The >15 min/h cycled PT regimen will adequately control peak TB (mean<8.0 mg/dL and <1.5 mg/dL greater 
than with continuous PT) and reduce total PT h by >60% in 1st 4 d & >40% in 1st 14 d after birth;  
2. Cycled PT will not substantially increase (as indicated by a RR <1.20) death or major neonatal morbidity 
(severe ICH, PVL, BPD, late onset sepsis, NEC or spontaneous intestinal perforation, ≥ stage 3 ROP).  
 
Background and Rationale. Important issues for the proposed trial include the following: 
      Why has continuous PT been assumed to be safe for extremely premature infants?  PT was 
introduced into neonatal care almost 5 decades ago and extended to ever smaller and more immature infants 
under the assumption that uninterrupted exposure to bright lights is safe for all infants. Yet, extremely 
premature infants would normally develop in darkness within the uterus for 3-4 more months before birth, and 
their thin, translucent skin and immature defense mechanisms may make them quite vulnerable to photo-
oxidative injury, lipid peroxidation, DNA damage, reduced cerebral and mesenteric blood flow, or other serious 
potential hazards of uninterrupted exposure to PT that have now been recognized.1,2,3,4,5,6,7,8,9,10,11,12,13,14,15, 

16,17 The risks of PT may include a small increase in the risks of cancer in later childhood.16,17,17a  Given all the 
factors that confound observational studies of PT administration to extremely premature infants18 and the 
possibility of important long term unknown hazards, randomized trials are crucial to verify that benefits of any 
PT regimen at least exceed the hazards in the neonatal period.  
     The only recent large trial of PT is the NRN trial comparing aggressive vs. conservative indications for PT. 
Both regimens involved uninterrupted exposure to PT. Led by Dr. Brenda Morris, a protégé of Dr. Tyson, this 
trial found that aggressive PT (AgPT) reduced NDI below that with conservative PT (ConPT) among infants 
<1000 g BW. However, preplanned frequentist analyses of the highest risk infant identified an increase in 
deaths with AgPT among 501-750 g ventilator-treated infants (n =696) (RR =1.19; p<0.05 for a BW x treatment 
group interaction).19 Conservative Bayesian analyses identified a 97% probability that AgPT reduced NDI and 
a 99% probability that it reduced profound NDI but also a 99% probability that Ag PT increased mortality in this 
group. This probability was found even though 80% of the ConPT group received PT,20  a factor that would be 
expected to reduce any adverse effects of PT identified in this trial.    
     The only trial comparing PT-treated infants with controls given no PT was the NICHD Collaborative PT trial 
(n=1339 LBW infants enrolled in the 1970s with survivors followed to school age).  It is the only other large trial 
of PT, and it also provided worrisome evidence that PT increases mortality among LBW infants, particularly 
ELBW infants. While mortality was not significantly increased, the findings were compatible with a 32% 
increase in mortality among all LBW infants (RR for death with PT = 1.32; 95% confidence interval = 0.96-1.82) 
and a 49% increase among infants <1000 g BW (RR = 1.49 [0.93-2.40] with a 92% probability of increased 
deaths in Bayesian analyses.21,22  As expected, the PT group had fewer exchange transfusions than controls 
by the TB thresholds used at that time. For a number of reasons*, the current TB exchange thresholds are 
higher.23 However, the investigators were surprised to find no evidence that PT reduced NDI, despite a 

 
*The higher TB indications for exchange transfusion used now than during the Collaborative Trial can be justified by 1) the absence of discernible 
neurologic or cognitive deficits attributable to bilirubin neurotoxicity among control infants in the Collaborative Trial, and 2) the multiple factors likely to 
reduce the true risk of bilirubin neurotoxicity at a given measured peak TB level today than during or before the Collaborative Trial. These factors include 
a) more frequent measurement of TB (a factor that would increase the measured peak TB at a given true peak TB), b) the higher proportion of the 
measured TB level due to photoisomers after even a brief exposure to PT (K Mrehil et al, 2010). These photoisomers have a structure considered 
unlikely to be neurotoxic; c) the virtual elimination of severe hemolytic disease due to Rh incompatibility; d) the removal of benzyl alcohol from IV fluids. 
In some studies, benzyl alcohol was associated with a markedly increased risk of kernicterus (D.S. Jardine and K. Rogers, 1989). Higher TB indications 
for exchange transfusion today than in the past are also appropriate because these procedures are now rarely performed, and physician inexperience is 
likely to increase the risk/benefit ratio at a given TB level.   
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substantially lower mean peak TB among PT treated infants than among controls (6.4. vs. 9.9 mg/dL). The PT 
and control groups had an almost identical percent of infants with deafness (the primary outcome) (1.8 vs. 
1.9%), cerebral palsy (5.8 vs. 5.9%), and clumsiness or hypotonia (11.1 vs. 11.4%). No infant with athetosis 
was identified, and PT was not shown to increase cognitive test scores.24   
     Had the safety and effectiveness of PT been evaluated as a drug, the FDA would not have approved it for 
clinical use based on findings in this large trial compatible with a substantial increase in mortality with no 
reduction in NDI. Yet, despite the quite worrisome mortality data and the lack of discernible benefit for the 
primary or other neurodevelopmental outcomes, the investigators did not call for further study or even caution 
in interpreting the results. Instead they concluded that “Phototherapy effectively controlled hyperbilirubinemia 
without evidence of adverse outcomes….We believe that PT is safe and effective.”  

     This conclusion by prominent investigators in a multicenter NIH-funded trial promoted widespread use of 
continuous PT for even the smallest and most immature infants. Commenting on the same data in 1986, Dr. 
Ronald Poland (who later became a NRN Chairman) argued that the safest assumption was that PT might 
increase mortality in LBW infants.25  His concern was dismissed by the investigators26 who like many prior 
investigators ignored a serious potential hazard because the difference between treatment groups was not 
statistically significant. As discussed below, this issue is not only of fundamental importance in justifying the 
proposed trial but also in interpreting trials of any intervention in patients of any age.27,28  
  
     How should sizable but statistically non-significant differences for treatment hazards be 
interpreted? Should the p value for statistical significance be higher for treatment hazards than 
treatment benefits? In addressing these questions, it may help to first consider what evidence from clinical 
trials would most clearly justify a conclusion that a therapy should not be used. To illustrate, suppose a 
literature search were performed to identify well-performed randomized trials that identified 1) no evidence of a 
clinically important benefit for the 1° outcome or outcomes of equal or greater importance, 0and 2) findings 
compatible with a major increase in deaths. Suppose also that trials meeting these criteria included ones that 
identified the following values for the RR (95% CI) for death for the treatment group vs. the control group: 
                1.  RR = 1.24 (0.69 - 2.25)  
                2.  RR = 1.32 (0.96 - 1.82) 
                3.  RR = 1.37 (0.92 - 2.04) 
                4.  RR = 1.49 (0.93 - 2.40)  
     While none of these results were significant at a p<0.05, they are fully compatible with a 24-49% increase in 
mortality with the 95% confidence intervals compatible with a more than two fold increase in deaths in 3 of the 
4 trials.  In the absence of other trials supporting these therapies, all these results might well justify a 
recommendation not to use the therapy for patients meeting the eligibility criteria for this trial. The basis for 
such a recommendation would be particularly strong for the above result 4 that has both the highest RR (1.49) 
and the highest upper limit of the 95% confidence interval (2.40). 
     Result 4 above was that for PT for extremely LBW infants in the Collaborative Trial, a result strangely 
accompanied by a conclusion that PT was safe for these infants. Result 2 was that for LBW infants in that trial. 
Result 1--the result with the lowest RR and lowest bound of the 95% confidence interval—is the weakest 
evidence of an increase in deaths. Yet it was the interim result for the deeper cooling group in the NRN 
Optimizing Cooling trial,29 a result considered to provide such strong evidence of harm that enrollment in this 
trial was stopped early with no further patients allowed to receive either deeper cooling or longer cooling (result 
3). This decision was made despite the absence of any data for the primary outcome (death or NDI at 2 years).    
    This decision in the Optimizing Cooling Trial reflects the greater concern that Data Safety Monitoring 
Committees generally accord to evidence of treatment hazards than to treatment benefits in deciding whether 
to stop trials based on interim results. To assure that the Type 1 error does not exceed 0.05 despite multiple 
interim analyses of the primary outcome, stopping guidelines to discontinue a trial early for treatment benefit 
often require a p<0.01 or even lower in the early interim analyses. However, stopping a trial for a serious 
treatment hazard at a p>0.05 (including a p = 0.14 in the Optimizing Cooling trial) can be viewed as prudent 
and appropriate because of 1) the general ethical tenet:  “First Do No Harm” and the willingness to accept a 
greater likelihood of missing a true benefit in order to reduce the likelihood of missing a serious hazard; 2) the 
greater effort generally devoted in trials to identifying treatment benefits than hazards, 3) the low proportion of 
well investigated interventions that prove to be a major advance and the high proportion that that turn out to 
have less benefit and/or greater hazard than originally hypothesized or reported.30,31 
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     PT is administered to almost all ELBW infants. Given the findings of the only two large PT trials, including  
a 92% probability that PT increased deaths among infants in the Collaborative Trial and a 99% probability that 
AgPT increased deaths among ventilated <750 g infants in the NRN PT trial, high priority should be given to 
identifying and testing ways to effectively lower TB levels without risking an increased mortality among the 
infants we propose to study (infants <750 g BW or <27 weeks GA).   
 
     What rationale and evidence supports cycled PT for extremely premature infants?  The photons 
delivered by PT are analogous to the molecules of a drug, irradiance (photons/unit time) is analogous to dose 
rate, and the total number of photons provided is analogous to the drug dose. When delivered to a 3 kg infant, 
PT provides ~2 x 1023 total photons in 8 hours (substantially greater than the total number of molecules of drug 
in administering a medication like ampicillin.) As indicated by Lamola,31a the analogy to administration of a 
medication fails in only one important regard that may cause the hazards of PT to be underestimated: light 
absorption leads to heat deposition with potential adverse effects.  
    Continuous administration of PT may increase the mortality of extremely premature infants simply because 
uninterrupted exposure may result in a “dose” of PT that is substantially higher than needed.  In 1972 Lucey 
noted that “intermittent light therapy is effective” and that “the originally arbitrarily chosen light conditions often 
supply more light than is needed.”32  Bilirubin is photoisomerized within nanoseconds after exposure to light, 
and six trials in larger infants as well as our dose-finding study in ELBW infants (see below) have found that 
cycled PT results in minimal or no increase in TB levels compared to continuous PT.33,34,35,36,37,38   As little as 15 
minutes of PT every 75 minutes have been assessed and found to be effective in moderately preterm infants.35  
The total minutes of cycled PT needed per h to control TB may well be lower in extremely premature infants 
than in other infants due to their relatively high skin blood flow, increased surface area/mass ratio, translucent 
skin and subcutaneous tissue, and photoisomerization of bilirubin within their skin and vascular tree. At the 
same total exposure to PT, use of cycled PT for limited periods (e.g. 15 min) each hr would effectively 
photoisomerize most new bilirubin produced in the prior hr and would be expected to result in a lower peak TB 
than would longer but less frequent periods of PT (e.g., 6 h of PT given once every 24 h). 
     Studies of cycled PT were apparently inhibited because of a tissue culture study performed 4 decades ago 
reporting DNA damage.39 Later in-vivo studies verified that PT does result in DNA damage but that it is usually 
transient and related to total exposure to PT.10a,10b,40,41 Such findings should not discourage trials like we 
propose to determine whether use of cycled PT to reduce to the total duration or “dose” of PT would reduce the 
mortality of extremely premature infants.     
     Dose-finding studies are routinely performed for predictably toxic therapies like those to treat cancer.  
However, continuous administration of PT was assumed to be quite safe and has been widely used without 
dose-finding studies. We have conducted a dose-finding study using cycled PT in 305 ELBW infants in 5 
centers including 3 Network centers (UT Houston, Stanford, UAB, and UT Southwestern). Infants have been 
stratified by center and BW group before randomization. This dose-finding trial was designed to avoid the 
limitations of most dose-finding studies which have usually been small, single center, nonrandomized studies 
performed without specific hypotheses. Moreover, the doses recommended based on typical dose-finding 
studies have been based on pharmacokinetic assessments and measures of outcomes or toxicity that are 
relatively crude surrogate outcome measures.  
      
     How does our dose-finding study of cycled PT inform the proposed trial?  As indicated below, this trial 
was designed to maximize its value in designing a larger trial to determine whether cycled PT should be 
routinely used for extremely premature infants.      
     Design. The exclusion criteria, age and TB thresholds for starting PT, irradiance range, and exchange 
transfusion criteria have been the same as for AgPT in the NRN PT trial. Simple, inexpensive timers have been 
used to automatically cycle PT. As explained below, ELBW infants were randomized into 3 treatment groups: 
1) Continuous PT; 2) Cycled PT given for >30 min of PT per h; 3) Cycled PT given for >15 min of PT per h. To 
administer no more PT than needed to control the TB of individual infants, we have started with the minimum 
duration noted for cycled PT group but increased PT if the TB rises to the values shown in the Table below. 
Once TB levels fall sufficiently, we have resumed giving PT for the minimum time for each cycled PT group. 
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Table 1.  TB values (mg/dL) used to adjust duration of PT 
BW and PT 
treatment 
group 

PT given for 
minimum 
min/h 

PT increased 
to 30 min/h 

PT increased 
to 60 min/h 

BW 401-750g 
  >15 min/h 

 
5-7.9 

 
8-9.9 

 
>10 

  > 30 min/h    5-7.9 ____ >8 

BW 751-1000g  
  > 15 min/h   

5-9.9 10-11.9 >12 

  > 30 min/h    5-9.9  >10 

 
    As indicated below, the duration of PT has been increased for only a minority of cycled-PT infants. 
Irradiance is started at 22 µW/cm2/nm. If needed, irradiance is increased to 33 at a TB (mg/dL) of 10 for infants 
401-750 g BW and 12 for infants 751-1000 g BW and to 40 at a TB of >13 for 8h for 401-750 g infants and >15 
for 8h for 751-100 g infants. While the NRN trial did not require use of blue LED PT lamps, these lamps have 
been uniformly used in the dose-finding study in an effort to maximize the effectiveness of PT and reduce 
unnecessary irradiance exposure and increase the safety of PT.15,42   
 
     Hypotheses of dose-finding trial. We hypothesized 1) a small difference (<1.5 mg/dL) in the peak TB 
between the three treatment groups; 2) a mean peak TB <8.0 mg/dL in each group; 3) a similar latency of 
wave V of the brain-stem auditory evoked responses (BAER)--a sensitive indicator of even transient bilirubin 
neurotoxicity43,44,45,46--in each group.  

    Findings. The treatment groups have similar baseline characteristics (Table 2 showing the most recent 
analyses). The smaller n in the 30 minute cycled PT group reflects a decision to drop that group after interim 
analyses indicated that the >15 min cycled PT group resulted in comparable TB levels with less PT than in the 
>30 min cycled PT group.  

 
Table 2: Baseline Characteristics  

 >15 Min Cycled PT 
n=121 

>30 Min Cycled PT 
n=34 

Continuous PT 
n=118 

Gestational Age –  wks (mean ± SD) 26.2 ± 1.8 26.0 ± 1.3 26.1 ± 1.8 

Birthweight –  g (mean ± SD) 760 ± 149 784 ± 162 736 ± 147 

Male sex – n (%) 55 (45) 10 (29) 56(47) 

Antenatal steroids – n (%) 105 (87) 32 (94) 111 (94) 

Risk Strata – n (%)    

    High risk 54 (45) 13 (38) 53 (45) 

    Low risk 67 (55) 21 (62) 65 (55) 

Cesarean delivery – n (%) 93 (78) 24 (71) 99 (84) 

Apgar score at 5 min <5 – n (%) 24 (20) 4 (12) 22 (19) 

Hematocrit at <12hr of age  
(mean ± SD)  

42.6 ± 7.1 41.1 ± 6.9 43.8 ± 6.8 
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Baseline Total Bilirubin  
mg/dl 

3.6 ± 1.0 3.2 ± 0.7 3.4 ± 1.0 

 
   The findings for peak TB and use of PT (Table 3) in all analyses to date provide strong support for our 
hypotheses with the mean peak TB of the >15 Min cycled PT being 7.0 mg/dL, only 0.7 mg/dL less than that 
for continuous PT.  
 
Table 3 
 

>15 Min Cycled PT 
n=121 

>30 Min Cycled PT 
n=34 

Continuous PT 
n=118 

Peak TB, mg/:l  
mean ± SD   

 
7.0 ± 1.7 

 
6.5 ± 1.1 

 
6.3 ± 1.2 

Peak TB minus 
baseline TB, mg/dL, 
Mean ± SD 

3.5 ± 1.6 3.3 ± 1.2 2.9 ± 1.4 

Duration of 
phototherapy, hr 
mean ± SD 

 
32.8 ± 18.5 

 
48 ± 26.3 

 
72. 8 ± 35.1 

 
Need to intensify 
phototherapy, n (%) 22 (18) 2 (6) 1 (1) 

Exchange 
transfusions, n 0 (0) 0 (0) 0 (0) 

 
Evaluation of the total h of PT each postnatal day in each of the 3 groups provides further evidence of the 
safety of cycled PT. As shown in the Figure, the greatest decrease in PT with cycled PT occurred in the first 4 
days after birth before TB peaked and when the skin is least cornified, the infants are likely to be sickest, and 
the risk/benefit ratio of continuous PT would presumably be most unfavorable. Findings were similar in the 
smallest & most immature infants. 
 

 

  Whether this reduction in phototherapy would result in antioxidant depletion is uncertain. Total antioxidant 
capacity (TAC) 46a-46d was measured at Stanford under the direction of Drs. Ron Wong and David Stevenson in 
32 patients in this dose-finding study. The point estimate for the difference in TAC levels favored the 15 minute 
group: 0.24 vs. 0.35 mm. As expected with small numbers, the difference was not significant (p=0.29). 
However, the box plot below suggests that antioxidant depletion could be a mechanism mediating PT toxicity.1 
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Wave V latencies of the BAERs are shown in Table 4 below. The data have provided no evidence of bilirubin 
neurotoxicity in unadjusted analyses or in analyses adjusted for GA and risk strata. 

 >15 Min Cycled PT 
n=37 

>30 Min Cycled PT 
n=20 

Continuous PT 
n=33 

Wave V latency — 
ms mean ± SD   7.4 ± 0.5 7.4 ± 0.4 7.4 ± 0.5 

Adjusted** mean 
difference in wave 
V latency  
(95% CI)  

0.13 
(-0.07, 0.33) 

0.03 
(-0.19, 0.26) Reference 

 
  The dose-finding study was not powered to identify differences in mortality. However, the results to date for 
infants who have been discharged from the NICU are not incompatible with the mortality difference 
hypothesized for the proposed trial. Their overall mortality is 11/111 (9.9%) with >15 min regimen vs.13/110 
(11.8%) with continuous PT.  
 
   Relation of findings to prior PT trials.  The above indicates that the >15 min/h cycled PT regimen results in:  

1) a mean peak TB (7.0 mg/dL) that is considerably lower than the lowest value associated with NDI in any 
prior trial (9.8 gm/dL in the ConPT group in the NRN trial). As noted above the mean peak TB of 9.9 mg/dL in 
control infants who did not receive PT in the Collaborative PT trial was not found to result in more neurological 
or cognitive deficits than among similar infants randomized to receive PT.   
   2) a mean peak TB level identical to that in the AgPT group of NRN trial (7.0 mg/dL) which resulted in 
reduction in the rate of NDI, particularly profound NDI, among ELBW infants, relative to that with ConPT. The 
mean peak value for cycled PT was only 0.7 mg/dL higher than for continuous PT in our dose-finding study, 
and no evidence of bilirubin neurotoxicity was identified in the BAERs assessed. For reasons indicated above 
and summarized in the Synopsis, the risk of brain injury at the same or even a somewhat higher TB may well 
be less with cycled PT than with continuous PT.   
   3) a mean duration of PT (32 h) that is (a) less than half that with continuous PT in both our dose-finding 
study (65 h) or in the AgPT group in the NRN trial (88 h) and (b) a bit less than that with ConPT in the NRN trial 
(35 h), a duration associated with a lower mortality than with AgPT.  Moreover, as emphasized above, PT 
administration with cycled regimens was specially reduced during the first 4 postnatal days when the 
risk/benefit ratio of PT may be least favorable.  
 
Implications of current evidence regarding continuous and cycled PT.  These findings strongly support 
the trial we propose and suggest that the >15 min/h cycled PT regimen would prevent bilirubin neurotoxicity as 
effectively as AgPT without risking a higher mortality than with ConPT among extremely premature infants.  
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Central issues in the design and analysis of the proposed trial.  
 
1.  What PT regimens should be compared?  The exposure to or “dose” of PT received by extremely 
premature infants might be limited not by using cycled PT but by using more conservative indications for PT or 
reducing the irradiance during PT.  However, the Collaborative Trial involved a much lower irradiance during 
PT than is used today and provided no evidence that reduced irradiance would lower mortality.  Moreover, use 
of reduced irradiance was not associated with an improvement in NDI. Use of more conservative indications for 
PT were tested in the NRN PT trial, and while this approach may reduce mortality, it increased NDI relative to 
PT using aggressive indications. Thus, use of cycled PT would seem to be the most promising method to 
reduce exposure to PT while minimizing the risk of NDI. Given the data provided above, we propose that the 
specific cycled PT regimen used for the intervention group be the >15 min/h cycled PT regimen. 
     Some NRN PIs suggested that in each center the comparison arm should be whatever the usual care is in 
this center. However this approach is unsuitable for the following reasons: 1) In some NRN centers, it would 
involve non-standardized regimens with different attendings using different regimens that would be difficult to 
describe or monitor and that might change during the trial; 2) Regimens other than AgPT or ConPT are based 
only on biological plausibility, and none have been shown in clinical trials to reduce NDI or other adverse 
outcomes. Regimens intermediate between AgPT and ConPT could result in worse outcomes than with either, 
possibly resulting in NDI rates no better than with ConPT and mortality rates no better than with AgPT; 3) It 
would be unclear what hypotheses would be tested or what effect size should be hypothesized; and 4) 
Differences within and between centers might well result in significant heterogeneity in treatment and reduce 
the likelihood of obtaining a clear answer to any meaningful question.      
     The reasons we propose that the comparison arm be the AgPT regimen tested in the NRN trial include:  
      A. AgPT is the only PT regimen shown to reduce NDI in any trial. Moreover, in the NRN trial it substantially 
reduced profound NDI (Bayley II Mental Developmental Index <50 or a Palisano gross motor function score of 
5) with a RR = 0.68 [0.52-0.89]) below that with ConPT. Few if any perinatal interventions have been shown to 
have such an effect.  
     B. Because AgPT was the comparison arm in the dose-finding study, we can be most confident in 
hypothesizing the effects of cycled PT regimen relative to those with AgPT       
     C. Our survey of NRN sites indicates that the aggressive PT regimen is most commonly used across NRN 
centers.† Seven centers use only AgPT. Other centers allow attending neonatologists to have discretion in use 
of PT and had little data regarding their actual practices. No response indicated that AgPT could not be used. If 
ConPT is used at all, the responses suggest that it may be used in only one center.   
 
2. What population should be studied?  Cycled PT might be preferable to continuous PT for the routine care of 
all ELBW or even larger infants. To reduce its cost and sample size, the proposed study is focused on 
extremely premature infants, the subgroup group likely to be most vulnerable to any hazards of uninterrupted 
exposure to bright light. Should our hypotheses be confirmed, our findings in combination with those of the 
other studies noted above would likely promote routine use of cycled PT in treating ELBW infants and perhaps 
investigation of cycled PT for larger infants.  
 
3. What should be the primary outcome? Based largely on the prior two large trials of continuous PT, we 
hypothesize that cycled PT increases survival to discharge (reduces pre-discharge mortality). For the following 
reasons, we haven’t hypothesized an effect of cycled PT on NDI and don’t propose that the primary outcome 
be a composite primary outcome of death or NDI.  
     A. As noted above, there is no evidence that NDI would be increased at peak TB levels close to those with 
cycled PT in our dose-finding trial to date (7.0 mg/dL). With the wave V latency of ABRs being a sensitive sign 
of even transient bilirubin neurotoxicity, the BAER findings in our dose-finding study are reassuring. 

 
† The indications for starting/stopping PT in clinical practice were not standardized and somewhat uncertain in a number of NRN centers. However, the 
survey responses indicated that the AgPT has been uniformly used in 7 NRN centers (Brown, Cincinnati, Duke/UNC, Houston, Iowa, New Mexico, 
Stanford) and that the practices were either “generally aggressive” or close to AgPT in an additional 2 centers (Alabama, Case). Responses from other 
centers (e.g., CHOP, Emory, Rochester, Utah) indicated variation in clinical practice that apparently includes both AgPT as well as somewhat more 
conservative practice. The guidelines for one center (Emory) were broad enough to potentially include use of PT as conservative as the ConPT regimen 
in the NRN trial. No center provided a response indicating that AgPT could not be used.        
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    B. Concerns that NDI that the minimal increase in peak TB with cycled PT lack biologic plausibility as well as 
an evidence base. Any increase in risk of NDI from a small increase in TB might well be more than offset by a 
decrease in a) any PT-induced hemolysis or life threatening illnesses that increase the risk of bilirubin 
neurotoxicity at a given TB, b) administration of medications that may displace bilirubin from albumin in treating 
these illnesses, c) lipolysis or other adverse effects of PT that may compromise the blood brain barrier, or d) 
other adverse effects that would increase the risk of bilirubin neurotoxicity at a given TB. 
     C. If cycled PT has no effect on NDI among survivors, the sample size, study duration, and study costs to 
test the effect of cycled PT on mortality will be considerably less than to test the effect on the composite 
outcome of mortality or NDI. The greater sample size reflects the increase in signal to noise ratio when a 
treatment-unresponsive outcome (NDI) is combined with a treatment responsive outcome (mortality). 
     D. With survival to discharge as the primary outcome, the primary manuscript can be published without 
waiting for two-year follow-up assessments.   
     As noted above, survival without NDI can be published in a later report of generic follow-up for infants <27 
wks gestation. If additional funding is provided, infants >27wks who weighed <750 g at birth can be included. 
(If so, the confidence interval for the difference between groups is expected to be +/- 4%).  
 
4. What secondary outcomes should be assessed? These would include major neonatal morbidities evaluated 
using the same definitions and assessment methods in evaluating them as secondary outcomes in the NRN 
PT trial. We will also include patent ductus arteriosus treated with surgery or NSAIDS, an outcome possibly 
increased by PT exposure.46e  NDI, the components of NDI, and survival without NDI will be assessed in 
generic follow-up of infants <27 weeks gestation. If funding is obtained, ELBW infants who are >27 weeks 
would also be assessed.    
 
5. What evidence should be required to alter recommendations for PT use in clinical practice? As indicated 
above, the current relevant evidence includes 1) a 92% probability identified from the Collaborative Trial that 
PT increases deaths among infants < 1000 g BW; 2) the 99% probability identified in analyses of the NRN trial 
that aggressive use of PT increases deaths among ventilator treated infants <750 g BW; 3) a variety of 
demonstrated or potential adverse effects that may contribute to an increased mortality1-17 and 4) the findings 
in our dose-finding trial and 6 prior trials in large infants that total PT exposure can be substantially reduced 
with minimal increase in peak TB.  
     Considering this evidence, the burden of proof should arguably rest on those who would now recommend 
routine use of continuous PT to demonstrate that it does not increase mortality and is necessary to adequately 
control TB. Such a requirement would be justified by: 1) the implausibility that bright light should be assumed to 
have no serious hazards for translucent, immature, fragile and often quite sick infants; 2) the accruing evidence 
of a variety of PT hazards that could contribute to an increase in mortality or other adverse effects1-17; and 3) 
two standard clinical tenets: A ) First, do no harm and B) Use the lowest effective treatment dose to reduce risk 
of unknown as well as know hazards.  
     The second of these two tenets is based on the fact that virtually all if not all therapies have hazards and 
that the higher the dose, the more common and more serious the hazards—known and unknown--are likely to 
be. Exposure to bright light is a potent stimulus in early life in many species47,48,49,50 and might have major as 
yet unidentified hazards in later childhood or even adult life. The evidence supporting cycled PT for ELBW 
infants is already of similar or better quality than that supporting many current “standard” therapies, including 
the antibiotic regimens for treating neonatal sepsis or meningitis. These regimens have generally been based 
on pharmacokinetics, blood or CSF levels, and the interval after starting treatment that blood or CSF cultures 
are no longer positive. The recommended regimens were generally adopted without demonstrating a favorable 
effect on long-term outcomes compared to potential alternative treatment regimens. 
     For these kinds of reasons, a change in clinical practice would be justified if the results indicate a high 
likelihood that cycled PT increases survival to discharge with no evidence that it appreciably increases the 
composite outcome of mortality or major morbidity in the neonatal period or at follow-up. This rationale is the 
basis for the hypotheses we propose to test.  
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Section 4 Methods.  
 

4.1 Population and Inclusion/Exclusion Criteria: While infants who are <750 g BW but >27 wks by best obstetric 
estimate are not routinely included in NRN follow-up, we propose to include them in the trial because 1) GA 
estimates are often in error for extremely preterm infants,51,52,53,54 and their true GA may well be <27 weeks; 2) 
As shown in developing the NRN estimator, BW is no less important than GA in predicting outcome. (A 100 g 
difference in BW--which is no more than the increase in BW/week before 28 wks—was found to have a GA 
equivalent effect of 1.04 wks for death and 1.16 wks for death or NDI.55); 3) As indicated above, the best 
evidence relating PT to the mortality of extremely premature infants is based on BW rather than GA; 4) Many, if 
not all, NRN centers now enroll all <750 g BW survivors, irrespective of GA, in their follow-up program. 

4.1.1 Inclusion Criteria at randomization (enrollment)  
1.       Infants is inborn 
2.       Infant is ≤ 750 grams at birth or < 27 weeks gestation at birth by best OB 
          estimate 
3.       Infant is 12-36 hours of age.  

4.1.2 Exclusion Criteria 
1.       Unable to enroll by 36 hours of age 
2.       Previous phototherapy  
3.       Known or strongly suspected hemolytic disease 
4.      TB reported as >6.0 mg/dL before 12 hours age or as >7.0 mg/dL if not already enrolled (exclusion 
criteria to help avoid inclusion of infants most likely to develop high TB levels due to unrecognized 
hemolytic disease or other reasons.)  
5.       Major anomaly 
6.       Overt nonbacterial infection 
7.       Infant is likely to expire soon: Limiting or withdrawal of intensive care is being recommended to the 
parents, the parents are requesting withdrawal of care, or the pH is < 6.80 or persistent bradycardia  with 
hypoxemia for >2h. 
 

If there is uncertainty whether any of the above exclusion criteria are present, rely upon the judgment of the 
responsible neonatologist. The proportion of all eligible infants who are enrolled will be calculated based on the 
above criteria. In this population of inborn infants inability to enroll infants by 36 hours is not considered an 
exclusion criterion but a limitation of participating centers ability to enroll eligible infants.   
 
 
4.2.2 Consent, Enrollment and Randomization. Consent may be obtained at any time before 36 h age using an 
IRB-approved consent procedure and consent form. This trial is proposed as a study to increase patient safety, 
and it is possible that it may be approved by the IRB in some centers for modification of consent.    
Regardless of when consent is obtained, infants will not be considered enrolled before randomization. 
Randomization (enrollment) cannot occur prior to 12 hours or after 36 hours from birth. To the extent 
reasonably feasible randomization (when enrollment occurs) should be as close to 24 h age (as was done in 
the dose-finding trial and was close to the median age in the NRN trial) for infants whose TB is unknown or is 
identified as <5.0 mg/dL. Eligible infants who have a TB of ≥5 between 12 and 36 h should be randomized and 
have PT started as quickly as possible.  
Randomization will be stratified by center, mechanical ventilation at enrollment (yes; no), and BW (<650 g; 
>650 g) to help avoid important chance differences between treatment groups and facilitate analyses of 
interaction of these variables with treatment group. Twins or other multiples will be randomized to the same 
treatment. Infants will be randomized 1:1 to each treatment group in each stratum using a variable block size. 
4.2.3 Intervention and Comparison Therapies and Study Procedures.  
 
   Treatment groups. Infants will be randomized to either: 
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      1) The >15 min/h cycled PT regimen assessed in our dose-finding trial, a regimen that uses the same 
irradiance targets and TB indications as for AgPT but minimizes the PT exposure of individual infants 
increasing PT from 15 min/hr to 30 or 60 min/hr if needed to control the TB.  As for infants in the dose-finding 
study, PT will be given 30 min/h if the TB is 8.0-9.9 mg/dL and 60 min/h if the TB is >10 mg/dL.  (The same 
thresholds will be used for infants with direct hyperbilirubinemia; however, the attending neonatologist has the 
option to remove the infant from the treatment protocol [although the infant will be analyzed as randomized in 
the intention-to-treat analyses]). PT will be cycled using a simple timer selected based on its accuracy and 
ease of use that can be plugged directly into a wall outlet or appropriate power strip. 
      2)  AgPT, the continuous PT regimen that is commonly used in NRN centers and that was found in the 
prior NRN PT trial to significantly reduce both profound and less severe neurodevelopmental impairment (NDI) 
in ELBW infants. 
     Type of PT Lamp.  Narrow spectrum, blue, light-emitting diode (LED) lights15,40 will be used in both 
treatment groups because these lights are likely to have a better risk to benefit ratio than PT using a broader 
light spectrum and because they were used in our dose-finding trial. While the specific model of blue LED lamp 
can vary between hospitals, the same model should be used in the same hospital for all enrolled infants to 
avoid potential differences between groups in their treatment as well to help assure that the appropriate model-
specific radiometer is used to assess irradiance in all infants. Biliblankets may be used if and when the TB is 
≥10 mg/dL.  
     Indications for starting  or resuming PT. PT will be started as close as reasonably feasible to 24 hr from 
birth, unless the TB is found to  ≥ 5.0 mg/dL between 12 and 36 hr, which should prompt PT to be started for 
study babies as soon as possible. As shown in Table 5 below, PT will be continued or restarted whenever a TB 
(mg/dL) is >5.0 mg/dL through day 14.  Whenever PT is administered, it will be given for at least 24 hours. 
(During that >24 hour period, the duration of cycled PT per hour and if needed the irradiance should be 
adjusted according to changes in the TB) 
     PT schedule and irradiance. The PT lamp position will need to be adjusted to meet the routine irradiance 
(µW/cm2/nm) goal of 22 at the umbilicus (as in the NRN trial). The irradiance goal in both groups will be 
increased from 22 to 33 at a TB of 10-13 and to 40 at a TB >13 (very unlikely). It is essential to use the model-
specific radiometer to obtain meaningful irradiance values. Providing the irradiance goal can be achieved, it is 
preferable to use a single PT lamp. (Whenever more than one lamp is used for the same infant, they must be 
the same model so that irradiance can be measured in a meaningful and accurate way.) 
 
Table 5.  PT administration from randomization a through postnatal day 14 

TB 
(mg/dL) 

Cycled PT 
(min/h) 

Continuous PT 
(min/h) 

Irradiance 
(µW/cm2/nm) 
Both groups 

<5.0a 0 0 NA 
5.0-7.9 15 60 22 
8.0-9.9 30 60 22 

10.0-12.9 60 60 33 
>13.0b 60 60 40 

a During the 1st 24 h after randomization, administer PT for 24 hr (even if all TBs during this 24 h period are <5.0; in this circumstance 
administer PT as if the TBs were 5.0-7.9 in Table 5). From 24 h after randomization through postnatal day 14, administer PT whenever 
the prior TB is >5.0 and discontinue it only when PT has been administered for at least 24 hours and the TB is <5.0 mg/dL. While the 
PT is being administered adjust it as in Table 5 according to the infant’s most recent TB.  
b  Perform exchange transfusion at TB >13.0 mg/dL after 8 h of PT given 60 min/h at irradiance of 40 unless responsible neonatologist 
considers the hazards to outweigh the benefits of exchange transfusion for the infant.   
 
    Exchange transfusions. Unless the attending neonatologist considers the infant unable to tolerate the 
procedure, an exchange transfusion will be performed for a TB >13 after 8 h of such intensified PT (the 
indication also used in the NRN PT trial). 
    TB determinations. As in most NICUs and in the prior NRN trial, TB will be recorded daily or more often in 
the 1st week and once daily in the 2nd week if the last TB was >5.0 or the infant was treated with PT in the prior 
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24 h. Less frequent TBs may result in overuse of PT or failure to promptly identify an unexpected TB increase.  
The method to measure total bilirubin (TB) should be the method regularly used in each NICU to manage 
phototherapy in very premature newborns. The same TB thresholds will be used for infants with direct 
hyperbilirubinemia (≥ 2 mg/dL); however, the attending neonatologist has the option to adjust the PT treatment 
protocol without evoking a protocol deviation or violation. 
    Other aspects of care. Other than as specified above, the treatment of the infants including umbilical cord 
clamping time, feedings, fluid administration, and transfusions will be at the discretion of the clinical staff. 
    Coordinator in-service and monitoring responsibilities. In initiating the study, NRN research nurses will in-
service NICU personnel and place appropriate information at the bedside (including phone numbers to call 
study staff if questions or problems arise) of all study babies. Each center will establish procedures to assure 
data reliability and access, preferably in the EMR. As appropriate for a pragmatic trial, we would not require 
study nurses to go to the bedside each day to verify appropriate use of cycled PT and data entry throughout 
the study. Instead, we propose that they make daily visits to the bedside during the first study week for the first 
14 infants enrolled in their center. In the second week for these patients, and for both the first and second 
week in subsequent patients, routine monitoring will be via the EMR, with phone calls and bedside visits as 
needed. The research nurses should discuss any recurring problems with data reliability or treatment 
compliance with the center PI who would then be responsible for correcting these problems. 

4.2.4 Blinding/Masking. Blinding of parents and caregivers will not be feasible. However, the laboratory 
personnel who perform TB determinations will be unaware of treatment group. The personnel who assess 
neurodevelopmental outcomes at 2 years will be blinded to treatment group.   

4.2.5 Confounding.  No confounders are expected in this randomized trial. If despite randomization with 
stratification for center, mechanical ventilation at enrollment (yes; no), and BW (<650 g; >650 g), any important 
differences between treatment groups occur in baseline variables related to outcome, secondary analyses will 
be performed controlling for these factors.  

4.2.6 Effect modifiers and mediators.  Potential effect modifiers include the above stratification variables, GA, 
chest compression and/or epinephrine in the delivery room, ventilation and FiO2 at 24, sepsis at or before 
enrollment, sex, and ethnicity/race.  In prior analyses of the NRN PT trial, these and other variables that may 
influence risk of bilirubin neurotoxicity were assessed singly and in combination and added little beyond BW 
stratum and mechanical ventilation at 24 hours. Because a three-way interaction was identified in the NRN trial 
between BW stratum, mechanical ventilation at 24 h, and treatment group,19 we would hypothesize such an 
interaction in the proposed study (although the population will be somewhat different and the use of CPAP has 
likely reduced the use of mechanical ventilation at 24 h). No other effect modifiers are hypothesized; the 
identification of other effect modifiers in the analyses should be treated as hypothesis generating.  If a 
difference in mortality is identified, exploratory analyses will be performed to assess potential mediators (e.g. 
intracranial hemorrhage, sepsis, necrotizing enterocolitis, or chronic lung disease).  

4.2.7 Primary Outcome. Survival to discharge. For infants transferred to another hospital from NRN centers, 
this outcome is to be assessed whenever feasible as discharge to home rather than from the NRN center.     

4.2.8 Secondary Outcomes (as recorded for items in the generic database shown in the footnotes below).  
Predischarge: Mean total h of PT in 1st 4 d and 1st 14 days after birth, mean total irradiance hrs; mean of 
highest TB value measured at any time; mean peak TB of TB measurements nearest 7 AM (morning labs) 
(included to avoid a potential bias resulting from more TB measurements in the cycled PT group); mean TB; 
major neonatal morbidity (severe ICH,a ventricular enlargement of cystic white matter disease,b BPD,c late 
onset sepsis, NEC or spontaneous intestinal perforation,d or >stage 3 ROPe); the component pre-discharge 
morbidities, and patent ductus arteriosus treated with surgery or NSAIDS.  
  
a as recorded for the sonogram with the most severe finding on the NGO3 item D4d Blood/echodensity in the ventricle:  Yes to either 
Right or Left  or NGO2 item 4 g Blood/echodensity in the parenchyma Yes to either Right or Left 
b If a MRI was done: NGO3 D8,c,d, and e: Yes on either Right for Left for ventricular size enlarged (c), cystic PVL (d) or porencephalic 
/posthemorrhagic cyst/multicystic encephalomalacia (e); If a MRI was not done: the same items as above for sonograms after day 28 
(NGO3 items 7 c, d, and e).     
c NGO7 A 6 highest FiO2 on day, column 36 wk: >0.21  
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d either NGO3 item F3 proven NEC: 2 or3 or NGO3 item F4 spontaneous GI perf. Without proven NEC: Yes 
e NGO3 item H1a1 stage 3 or worse in either eye: Yes 

 
     We do not propose to assess ABRs as a secondary outcome because: 1) as found in the prior NRN trial, 
the recording of ABRs and identification of specific waves are difficult to perform reliably in very premature 
infants, and personnel skilled in assessing them are available in few sites56; 2) the ABRs in our dose-finding 
trial suggest that even transient bilirubin neurotoxicity is unlikely with the cycled PT regimen to be tested; and 
3) ABR abnormalities may reflect only transient toxicity; 4) NDI at 2 years will be assessed for infants <27 
weeks gestation as part of routine NRN follow-up.  
       Most of these outcomes are already collected as GDB items. Other outcomes—e.g., TB values, total PT 
hours (as determined from nursing notes when PT is started and stopped and what regimen is prescribed), 
irradiance during PT (as recorded on the chart by bedside nurses as part of routine clinical care)--can be 
assessed by the coordinators from a single chart review at or soon after the infants is discharged.  
 
Post-discharge - NDI, its components, and either Death or NDI (primary follow-up outcome) will be obtained as 
part of the generic follow-up assessments for infants <27 wks gestation.   
    
4.2.9 Study Specimens. No additional blood sampling will be performed.  
 
4.2.10 Post-Hospital Procedures.  Not applicable before follow-up at 24-months.  
 
4.2.11 Follow-Up at 24 Months. Routine generic assessments at 24 months for infants <27 weeks GA.  
 
4.2.12   Additional Follow-Up Assessments. A small proportion of infants <750 g but >27 wks GA (10% in our 
dose-finding study) who are not involved in generic NRN follow-up may be given the same assessments if 
funding is obtained as part of a secondary study. .  
 
4.3 Potential Risks and Benefits to Subjects.  This is a safety study comparing conventional continuous PT to 
cycled PT, a treatment option since the early 1970s that may be safer in avoiding unnecessary exposure to PT 
and reducing the risk of death or other short-term or long-term recognized or unrecognized hazards of PT in 
extremely premature infants. Six prior trials and our multicenter dose-finding study with 305 ELBW infants have 
shown that cycled PT results in minimal increase in TB above that with conventional PT for ELBW infants. 
Moreover, our assessment of brainstem auditory evoked responses--a sensitive indicator of even transient 
bilirubin neurotoxicity--has shown no evidence of bilirubin neurotoxicity with cycled PT. Cycled PT might 
reduce the risk of any PT-induced hemolysis or life threatening illnesses resulting from uninterrupted exposure 
to PT, the administration of medications that may displace bilirubin from albumin in treating these illnesses, or 
other direct or indirect adverse effects of uninterrupted exposure to PT that increase the risk of bilirubin 
neurotoxicity at a given TB.  For reasons specified above, it is entirely possible the cycled PT reduces the risk 
of bilirubin neurotoxicity at a specific peak TB value.    
     Thus, there are no foreseeable incremental risks of cycled PT in treating the intervention group. There are 
also no foreseeable incremental risks of AgPT in treating the control group above the risks of any PT regimen 
that would be used in the absence of the trial. AgPT is now exclusively used in administering PT to extremely 
premature infants in 7 NRN centers and is a treatment option in other NRN centers where the PT regimen 
used is left to the discretion of the attending neonatologist. Our survey of NRN centers suggests that no one is 
prescribing use of ConPT. PT regimens other than AgPT or ConPT have not been tested in any major clinical 
trial, and it is unclear whether any regimens that these neonatologists would prescribe have a risk/benefit ratio 
that is greater, less, or equal to that of AgPT.  
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SECTION 5. ANALYTICAL PLAN AND STUDY INTERPRETATION.  
 
5.1 Analysis Plan.  Intention-to-treat analyses will be used. Generalized linear mixed models will be performed 
to analyze all outcomes and will include treatment group, mechanical ventilation at enrollment (yes; no), and 
BW (<650 g; >650 g) as covariates with random effects for center and mother (to account for twins or other 
multiples being randomized to the same treatment group). Bayesian analyses will be performed in evaluating 
differences in treatment effects overall and in different patient subgroups and centers. The prior relative risk 
(RR) is conservatively  centered at 0.88 (95% credible intervals = 0.4-1.8; Normal [log(0.88), sd=0.37] in the 
log RR scale) based on the RR of death with conservative PT relative to aggressive phototherapy among all 
501-750 g infants (n=860 infants) in the Network PT trial. This estimate is comparable to or slightly higher than 
in the dose-finding pilot to date (0.84) and substantially higher than with no phototherapy among ELBW infants 
(0.67) and all LBW infants in (0.76) in the Collaborative Trial. We will also conduct analyses using a prior 
centered at RR of 1.0 (95% credible interval = 0.50-2.0) for no reduction in mortality despite the results of the 
prior trials.  
     For binary outcomes other than death, all priors will be centered at RR of 1.0 (indicative of no difference 
between treatment groups will be used with a 95% prior interval of 0.5-2.0 (in the log RR scale a Normal 
distribution with mean of 0 and variance of 0.372). A Normal (0,102) prior will be used for the intercept term and 
Normal (0, 1) for all other variables in the model. For the standard deviation of the center random effect, a half-
Normal (0, 1) prior will be used. Similar neutral informative priors (based on previous NRN PT trial where 
possible) will be used for non-binary outcomes.     
     Problems with interpretation of frequentist analyses, and in particular p-values, have been widely  
recognized. 57,58,59 In a recent study,60 survey data show that even authors publishing in top statistical journals 
“are often confused about the meaning of p-values.” 61 In their statement on p-values, the American Statistical 
Association recommends that alternative approaches, including Bayesian methods, be considered.62 A growing 
number of statisticians now strongly question the use of p values,64 and Szucs and Ioannidis contend that null 
hypothesis testing should no longer be the default statistical practice of all biomedical research.65  In a recent 
special issue of the American Statistician, Wasserstein, Schirm, and Lazar recommended that the terms 
statistically significant and non-significant should be abandoned.66  However, we recognize that acceptance of 
other statistical approaches will take time. Hence, we will also conduct frequentist analyses using the same 
models as for the Bayesian ones. We will report point estimates, 95% confidence intervals, and p values.  
 
5.2 Sample Size, Power and Projected Recruitment Time. Very large trials with high power are often needed to 
assess new and previously untested therapies to verify their safety and effectiveness. However, with the 
findings of the prior two large prior trials of continuous PT, the 6 prior trials of cycled PT, and our dose finding 
trial, the burden of proof should arguably now be on those who would contend that routine use of continuous 
PT is necessary and desirable.  
    We propose to enroll 1700 infants (850 infants/group). Assuming a neutral prior probability for death (which 
is a conservative prior probability given the findings of 0.88 as noted above in the two prior large trial), this 
sample size provides >0.70 posterior probability (with 80% Bayesian power) that cycled PT increases survival 
if the true mortality RR is <0.90. This would result in a study duration at the limit of what the NRN is likely to 
consider reasonably feasible.  
     This sample size also affords 80% power in frequentist analyses to identify a RR of 0.76 (corresponding to 
a 5.3% absolute increase in survival to discharge from 78% to 83.3%; number needed to treat = 19).Though it 
indicates a substantial treatment effect, a true mortality RR of 0.76 is entirely possible. It is not much smaller 
than the RR of 0.84 among ventilator treated infants <750 g infants in the NRN trial (when PT was provided   
without interruption to both treatment groups), higher than the RR of 0.67 among all ELBW infants in the 
Collaborative PT trial (whose risk of death may not have been very different than among extremely premature 
infants today), and identical to the RR of 0.76 among all LBW infants in the Collaborative PT Trial (who would 
presumably be at a much lower risk of any life threatening hazards from PT than infants in the proposed trial). 
     Based on the most recent GDB data available, enrollment would be completed in 3.9 years if 90% of all 
infants surviving to 12 hours are eligible and 50% of eligible infants are enrolled (967 infants/yr <27 wks GA x 
0.9 x 0.5 = 435 infants enrolled/yr; 1700 infants total/435 infants/yr = 3.9 yrs). [This calculation omits eligible 
patients >27 weeks but < 750 g, whose numbers were equal to 10% of our patients <27 wks GA in our dose-
finding study.]  This enrollment rate would be substantially lower than that in the prior more complicated PT trial 
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(70%) and in our dose-finding study (65%) despite some personnel limitations limiting enrollment and a 
narrower time window (enrollment by 24 hours rather than 36 hours age). With the hypothesis that cycled PT 
reduces mortality and with the commitment to obtaining consent in NRN centers, we believe this consent 
rate—if not a higher rate--should be achievable for this study. 

5.3 Interpretation of Findings. A statistically significant increase in survival to discharge and/or 2-year survival 
or survival without severe NDI at 2 years in a secondary study would clearly warrant a change in clinical 
practice. However, such findings would not be the only findings that would justify a recommendation to 
routinely use cycled PT for infants < 750 g BW or <27 weeks GA.  
     As emphasized above, there is no basis to assume that continuous exposure to bright light is innocuous for 
translucent, immature, and often quite sick infants, and there is increasing recognition of the known and 
potential hazards of PT1-17 including DNA damage and the possibility of an increased risk of cancer in 
childhood16.17,17a  or later life. Given the minimal increase in TB with cycled PT in 6 prior trials and our multi-
center dose-finding study (which included the second largest number of ELBW infants studied to date), the 
reassuring BAER findings we identified, and the high probability of an increased mortality in the only two large 
trials of continuous PT, the burden of proof is now on those who would recommend routine use of continuous 
PT for extremely premature infants. Based on the widely accepted maxims to first do no harm and to use the 
lowest effective dose or exposure to a therapy to minimize the risk of known or unidentified short- or long-term 
treatment hazards, routine use of cycled PT can be justified for extremely premature infants if the trial finds: 

- little difference in peak TB between treatment groups,  
- no important increase in major neonatal morbidities with cycled PT, and  
- a non-significant increase in survival to discharge with an equal or nonsignificant increase in survival 

without NDI (identified in follow-up assessments) relative to that with continuous PT.    
            In this circumstance, the Bayesian posterior probability of >50% that survival was increased or survival 
without severe NDI was increased would justify routine use of cycled PT.   
 
5.4 Study Monitoring Plan and Stopping Guidelines.  As indicated above, the safety of cycled PT is supported 
by a) the prior large PT trials indicating a high probability of an increased mortality with greater light exposure 
b) the minimal difference in TB levels in our dose-finding cycled PT trial and in cycled PT trials in larger infants; 
c) the BAER findings providing no evidence of bilirubin neurotoxicity with cycled PT in our dose findings study; 
d) the expectation that the likelihood of adverse effects from a medication or other exposure would be reduced 
by reducing the dose or exposure.  Moreover, any unexpected hazard (e.g., higher NDI) would most likely 
require assessment of follow-up findings at 2 years. Thus, the numerous interim analyses needed to stop 
enrollment for neonatal hazards of new therapies never assessed in prior trials would be unwarranted for 
assessing cycled PT. 
     Repeated interim analyses would also seem unwarranted for the purpose of stopping enrollment due to the 
hazards of continuous PT because 1) continuous PT is the conventional therapy in NICUs; 2) the target 
sample size is limited to that needed to identify a >70% posterior probability of an increased mortality rather 
than a statistically significant increase in mortality with continuous PT over cycled PT; 3) the effect size 
identified in trials stopped early is likely to be larger than the true effect size, and a trial in which enrollment was 
stopped early might well be too small to convince the neonatology community to rely on the results; 4) stopping 
the trial early would reduce the probability of identifying any important difference between groups in the percent 
of survivors who are impaired or profoundly impaired at follow-up.  
     For all these reasons we propose a single interim Bayesian analysis when half of the patients reach status 
with enrollment stopped for benefit only for a > 95 % probability of increased survival with cycled PT with a 
prior centered at 1.0,  provided there is no evidence of an increase in death or major morbidity (increased 
evidence would be a posterior median [under neutral prior] RR >1.20 for death or severe ICH, PVL, BPD, late 
onset sepsis, NEC or spontaneous intestinal perforation,  > stage 3 ROP) in patients randomized to cycled PT. 
Given the prior evidence of an increased mortality with continuous PT and the play of chance, stopping for an 
unexpected increase in mortality with cycled PT would be appropriate only if there were strong evidence of 
such an increase in mortality. The investigators would recommend stopping enrollment early for harm only if 
there were a >95% posterior probability of an increased mortality risk with cycled PT using a prior centered at 
RR of 0.88.  Alternatively, a decision to stop enrollment based on mortality findings could be based on a meta-
analysis combining the results for mortality from major prior trials comparing more liberal vs. more conservative 
use of PT.   
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5.5 Adverse Events. The adverse events are exchange transfusion, death, a clinical diagnosis of acute bilirubin 
encephalopathy or bilirubin induced neurologic dysfunction. (The latter two adverse are expected to be rare 
and uncertain diagnoses that cannot be standardized across Network centers.) Study coordinators will be 
expected only to report these as adverse events when noted by the attending physician. Kernicterus identified 
at autopsy will also be recorded although its prevalence and importance will be obscured by the infrequency of 
autopsies and concern that bilirubin staining in the basal ganglia may occur simply as a terminal event.    
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SECTION 6. TRIAL STRENGTHS AND LIMITATIONS 

 
     We propose a simple, important, and relatively inexpensive trial of cycled PT to reduce avoidable deaths in 
extremely premature infants. Its feasibility has been well demonstrated in our dose-finding study in NRN 
centers showing that the cycled PT regimen to be tested substantially reduces the duration of PT and results in 
low peak TB values with no BAER evidence of bilirubin neurotoxicity. The trial would be compatible with other 
NRN studies and builds on a prior major NRN trial to address the dilemma of offsetting rates of death and of 
NDI identified by that study. Most importantly, it addresses a major safety issue for a therapy administered to 
virtually all extremely premature infants.  
     An unavoidable limitation of the study is that neither caregivers nor parents can be blinded to the PT 
regimen being used.  However, the laboratory personnel who perform TB determinations will be unaware of 
treatment group. The personnel who assess neurodevelopmental outcomes at 2 years will also be blinded to 
treatment group.  If our hypotheses are all confirmed, we expect that cycled PT would justifiably become the 
method routinely used in extremely premature infants. The most important limitation to the success of the trial 
is that as in any clinical trial, the intervention—cycled PT--may not prove to have any important benefit. 
Bilirubin has antioxidant properties. At least as infants are treated in current neonatal ICUs, any intervention 
that lowers the TB of extremely premature infants and lowers their risk of NDI in survivors might unavoidably 
increase their mortality due to oxidative injury. We doubt that this is the case, in part because the risk of BPD 
was lower--not higher--with AgPT than with ConPT in ELBW infants in the NRN PT trial. 
     Even if we find little or no evidence of a lower predischarge mortality or an increase in survival without 
impairment in a secondary study the trial would still advance the field. Such findings would not obviate the 92% 
probability that PT increased deaths among ELBW infants in the NICHD Collaborative PT trial in which control 
infants received no PT. Reducing the total duration of PT by ~50% as we expect in the cycled PT trial may be 
sufficient to avoid PT-related deaths. Providing no evidence of bilirubin neurotoxicity was identified, a future 
trial might then evaluate a further reduction in PT exposure (perhaps a regimen of >10 minutes PT per hour) or 
the administration of mesoporphyrin compounds to minimize bilirubin formation.15 This therapy is expected to 
be ready for testing in clinical trials in high-risk babies no later than when the cycled PT trial would be 
completed and might increase the survival of small premature infants without NDI by virtually eliminating the 
use of PT and/or lowering TB values below those with either cycled or continuous PT.    
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