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List of Abbreviations:

ARR, Absolute risk recluctidn;
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CI, confidence interval;

CPAP, continuous positive airway pressure;
DR, delivery room;
ETI-Endotracheal Intubation;

GA, gestational age;

GDB, generic database;

NRN, Neonatal Research Network;
PDA, patent ductus arteriosus;
PMA, postmenstrual age;

ROP, retinopathy of prematurity;
RR, relative risk;

SUPPORT, Surfactant, Positive Pressure, and Oxygenation Randomized Trial
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Abstract

Objective

The NICHD Neonatal Research Network (NRN) conducted the SUPPORT trial, in which
preterm neonates 24%7.27%7 weeks' gestational age (GA) were randomized to: (1)
delivery room (DR) continuous positive airway pressure (CPAP) or intubation with early
surfactant administration; and (2) oxygen saturation targets of 85 to 89% or 91 to 95%.
The objective of the current study was to test the hypothesis that DR intubation decreased

after SUPPORT within NICUs in NRN centers.

Study Design:

This was a retrospective cohort study using the prospective NRN generic database. We
included infants 24”7-27%7 weeks GA born before (2003-04) and after SUPPORT (2010-
12) at 11 centers which participated in SUPPORT and were part of the NRN in 2003-12.
We excluded infants with syndromes or major malformations and those who received

only comfort care. The primary outcome was DR intubation.

Results:
After adjustment for baseline variables, the RR (post vs. pre-SUPPORT) for DR
intubation (adjusted RR 0.88, 95% confidence interval 0.85-0.91) was significantly lower

than one.
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Conclusions:
After adjustment for baseline variables infants 24%7-27%7 weeks GA born at participating
NRN Centers after publication of SUPPORT had significantly lower percentages of DR

intubation compared to infants born before SUPPORT.,

4
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Introduction;
The Eunice Kennedy Shriver NICHD Neonatal Research Network (NRN) Surfactant,

Positive Pressure, and Oxygenation Randomized Trial (SUPPORT) was a multicenter

4(1«f 7 76}?

randomized 2 X 2 factorial trial, in which preterm infants of 24"’ weeks to 27%" weeks
gestational age (GA) were randomized at birth to (1) either continuous positive airway
pressure (CPAP) initiated in the delivery room (DR) and protocol-driven limited
ventilation begun in the DR, or endotracheal intubation (ETI) with surfactant
administration (within one hour of birth) followed by a conventional ventilation strategy,
and (2) oxygen saturation targets of either 85 to 89% or 91 to 95%."* From February
2005 through Febrﬁary 2009, 1316 infants were enrolled, including 565 in the lower GA
stratum (24"7 weeks to 257 weeks) and 751 in the higher stratum (26%7 weeks to 27%
weeks)."” The results of the SUPPORT trial were published in May 2010."” The risks of
the primary outcome of the CPAP trial (death or bronchopulmonary dysplasia [BPD])
were not significantly different between the CPAP and the surfactant groups.! In the
CPAP group, infants had a lower proportion of endotracheal intubation or postnatal
steroids for BPD, had fewer days of mechanical ventilation among survivors, and were
more likely to be alive and off mechanical ventilation by day seven. Among infants with
GA 24”7 weeks to 25%7 weeks, the risk of death during hospitalization and at 36 weeks
postmenstrual age (PMA) was significantly lower in the CPAP group than in the
surfactant group. There was also less use of epinephrine in the DR in the CPAP group
than in the surfactant group. The risk of the primary outcome of the saturation target trial

(severe retinopathy of prematurity [ROP] or death) was not significantly different

between the two oxygen saturation target groups. However, the risk of death was higher
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and that of severe ROP was lower in the low saturation target group than in the high
enget g o o _

The objective of this study was to determine if clinical practice, specifically the
proportion of preterm inborn infants intubated in the DR, decreased after SUPPORT in
centers that participated in the trial. We hypothesized that after SUPPORT there would be
a decrease in ETI in the DR in preterm infants 24%7 to 27%7 weeks compared to the period
before SUPPORT. We speculated that the decrease in proportion of ETI in the DR in
each center after SUPPORT would depend on the baseline proportion before the trial. In
this study we also aimed to determine whether neonatal outcomes in preterm infants with
GA between 24”7 and 277 weeks changed after SUPPORT. The most tmportant
secondary outcomes were the composite of death or BPD, the composite of severe ROP

or death before discharge from the hospital, and death before discharge.

Methods

Study Design

This was a retrospective birth cohort analysis with before/after design. We extracted data
from the NICHD Generic Database (GDB) (a registry of very low birth weight infants
born alive in NRN centers) in one birth cohort of patients born before the initiation of the
SUPPORT trial and in a second preterm cohort born after publication of the SUPPORT
Trial. The GDB collects detailed maternal pregnancy/delivery data and baseline,
treatment and outcome data on infants using standardized protocols and forms. Data is
collected to death, discharge, or 120 days (‘status’), whichever comes first, and limited

additional data is collected on infants who remain in the hospital at 120 days. We
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included the eleven centers that participated in the SUPPORT trial and in the NRN during
the cycles relevant to the two cohorts.

Studv Population:

The first cohort includes preterm patients born during a 2-year period preceding the
SUPPORT trial (from 1/1/2003-12/31/2004). The second cohert includes preterm patients
born after publication of the SUPPORT trial (1/1/2010-12/31/2012). Based on numbers
entered in GDB in 2010, we expected to obtain similar numbers of patients in both

cohorts.

Eligibility and exclusion criteria:

Eligibility and exclusion criteria were similar to those used in SUPPORT."? Specifically,
eligible infants were inborn at 24%” to 2757 weeks at birth by best obstetrical estimate
delivered at an NRN center participating in the SUPPORT trial and included in the GDB
during the entire study period (2003-2012). Exclusion criteria for this analysis were:
known malformations, respiratory support (1% cohort) or medical therapy (2™ cohort)
withheld or withdrawn at any time prior to death < 12 hours. The latter criterion was
different from SUPPORT, where patients were included if a decision had been made to

provide full resuscitation for them.

Baseline variables

Neonatal and maternal characteristics included birth weight, GA, gender, race/ethnicity,

prenatal steroid use (any type or betamethasone, any or full course), mode of delivery,

7
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multiple birth, prolonged rupture of membranes, maternal hypertension, diabetes, or

antibiotic use before delivery.

Outcome variables:

The primary outcome variable was a practice variable, i.e., ETI in DR.

The most important secondary outcomes included the composite of death or BPD
(oxygen use at 36 weeks of PMA, the composite of severe ROP (defined as ROP surgery
or retinal detachment) or death before discharge from the hospital, and death before
discharge. Additional secondary outcomes included death by 36 weeks, BPD at 36
weeks, severe ROP as of status, death or mechanical ventilation on day 7, and days on
ventilators in survivors until discharge. The definitions of BPD and ROP for this study
were based on those used in the GDB; they were similar but not identical to those used
for the primary outcome of SUPPORT, i.e., physiological definition of BPD defined as
the receipt of more than 30% supplemental oxygen at 36 weeks or the need for positive-
pressure support or, in the case of infants requiring less than 30% oxygen, the need for
any supplemental oxygen at 36 weeks after an attempt at withdrawal of oxygen; and
severe ROP defined by threshold retinopathy, ophthalmologic surgery, or the use of
bevacizumab treatment, with examination continued until SUPPORT outcome was
reached or resolution occurred."”

Tertiary outcomes included practice variables such as use of surfactant, ventilation and
CPAP, treatment of patent ductus arteriosus (PDA) and feeding practice, and the
following outcome variables (including potential confounders): other ROP outcomes,

death within 12 hours or by 36 weeks PMA, DR practice, Apgar scores, temperature
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within 60 minutes of birth, pneumothorax, pulmonary hemorrhage, sepsis,
intraventricular hemorrhage, oxygen supplementation, PDA, feeding and weight related
variables, proven necrotizing enterocolitis (stage II or greater, modified Bell’s

classification)’ and length of hospital stay among survivors.

Statistical analysis

Variables of interest were compared by study group using chi-square tests for categorical
variables, Wilcoxon tests for Apgar scores and skewed continuous variables, and Student
t-tests for all other continuous variables. Robust Poisson regression models were used for
dichotomous cutcomes to obtain adjusted relative risks (RR) and 95% confidence
intervals (CI). General linear models were used for continuous outcomes,to obtain
differences in means and 95% CI. All models included pre-specified prenatal covariates
(based on the literature) shown to affect outcomes in very preterm infants (GA, antenatal
corticosteroids, gender, singleton vs. multiple, birth weight by 100 g increment)* as well
as additional covariates that were significantly different by study group (p < 0.10) in the
unadjusted tests, and that preceded the outcome. The models for the primary outcome and
all secondary outcomes, with the exception of BPD, included additional variables that
preceded birth (race/ethnicity, cesarean section, rupture of membranes > 24 hours,
maternal hypertension, maternal diabetes and NRN center), but not postnatal variables to
which some infants may not have been exposed before the outcome took place. The
model for BPD contained these same additional variables as well as intubation in the DR,
surfactant, FiO2 at 24 hours, PDA ligation, PDA indomethacin treatment, and late onset

sepsis.”"? Since we did not adjust p-values for multiple comparisons, all secondary and
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tertiary analyses should be considered as exploratory. A Spearman correlation was used
to assess whether the change in proportion of delivery room intubations from the first
period (pre-SUPPORT) to the second period (post-SUPPORT) was higher in centers with

higher proportion of intubation during the first period.

Results

A total of 6,601 infants 24%” to 279 weeks GA were born during the study periods and
included in the GDB: 2,998 in 2003-2004 and 3,603 in 2010-2012 (Figure 1). The
primary imbalance was due to outborn status. The study population included 3,849
infants: 1,617 infants in the pre-SUPPORT group and 2,232 infants in the post-
SUPPORT group.

The baseline maternal and neonatal characteristics of both groups are shown in Table 1.
There was more antenatal steroid use, maternal hypertension, maternal diabetes, cesarean
section delivery, and less prolonged rupture of membranes in the post-SUPPORT group,
and race/ethnic distribution was different from the pre-SUPPORT group.

For the primary outcome the adjusted risk of DR ETI significantly decreased after
SUPPORT (Table 2).

For secondary outcomes, the adjusted risk of BPD/death, severe ROP/death, death before
discharge, severe ROP, and death or mechanical ventilation at day of life seven were
significantly lower in the post-SUPPORT group (Table 2). In contrast, the adjusted risk
of BPD and death at 36 weeks were not signi ﬁcantly.different between groups. The

average number of ventilator days among survivors decreased after SUPPORT.

10
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Unadjusted comparisons of tertiary outcome variables are shown in Table 3; online only.
Sévéral differences were observed between the two pefiocls. Post hoc Iana.lys.,is-, showed
that the proportion of babies who were never intubated was 5.6% for the Pre-SUPPORT
group, and 11.4% for the Post-SUPPORT group (P<0.001).

Figure 2 shows the proportion of infants intubated in the DR during the first and second
study periods in all centers in the study. The correlation between the proportion of
intubations in the DR during the first period and the change in proportion of intubations
in the DR from the first to the second period was not significant (Spearman correlation

coefficient -0.44, p=0.18).

Discussion;

Infants 24%7 to 277 weeks GA born after publication of SUPPORT in the 11 centers
participating in the trial had a lower proportion of DR ETI compared to those infants born
before the initiation of the SUPPORT. In this study we compared data before SUPPORT
with data after SUPPORT and did not analyze serial changes in the proportion of ETI in
each participating center. The proportion of ETI in each center could have decreased with
increasing use of CPAP and experience with T-piece connectors before, during or after
participation in the Feasibility Trial (which took place in 5 of the 11 centers during the
first epoch, July 2002 to January 2003)," during participation or after publication of the
results of SUPPORT. The proportion of ETI in one of the centers participating in
SUPPORT decreased in non-enrolled patients from baseline before SUPPORT (2003-
2005) to epochs during SUPPORT (2005-2009) and before its publication (2009-2010),

in the absence of any change in DR policy or practice guideline. The proportion of ETI in

11
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a subset of these patients decreased more than in a comparable contemporaneous cohort
in the Vermont Oxfm.'d. Neonatal Network (2003-2004 versus 2006-2009).'¢ In another
center among the 11 NRN centers that participated in SUPPORT, the proportion of ETI
decreased after the neonatologists prospectively introduced routine, early, bubble nasal
CPAP in 2000, i.e., before SUPPORT."" The fact that 5 centers had participated in the
Feasibility Trial may have limited the overall decrease in DR ETI observed in this study:.
Lack of correlation between the change in the proportion in ETI after SUPPORT and
baseline ETI proportion may have resulted from the limited number of centers in this
study and from the narrow range (82-97%) of pre-SUPPORT proportions of ETTin 9 of
11 centers.
The strengths of this study include a large sample size, the use of a prospective database
and of inborn patients which limits incomplete/missing data and information bias, the use

| of multivariate analysis to take into account confounding variables, the use of inclusion

. and exclusion criteria that were similar to those used in SUPPORT, and the inclusion of
study centers that remained in the NICHD NRN during the two cohorts, thereby limiting
bias due to large inter-institutional differences that have been observed in previous NRN
studies.
Limitations of this study include the observational before/after study design, which
prevents any cause-effect interpretation; the high percentage of exclusions; lack of serial
data and of data from centers that did not participate in SUPPORT but remained in the
NRN during the study period, thereby preventing analysis of secular trends; lack of
information on the history of changes in policies and practice guidelines in each

participating NRN center; and lack of information in the GDB on DR CPAP, oxygen

12
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saturation, or rationale used for each practice in each infant. It is also possible that
additional unknown bia.ses or confounding variables; such as changes .in perséﬁﬁe-l;- could
have affected the results.

Mortality before discharge decreased in the group of infants in the post-SUPPORT group.
This finding contrasts with previous published reports from the NICHD NRN'®! but is
consistent with a recent review among extremely low birthweight infants enrolled in the
GDB between 2000-2003 and 2008-2011.%° Similarly, mortality in very low birth weight
infants decreased in the Vermont Oxford Network between 2000 and 2009.?!

This study was not designed to test whether any change in secondary or tertiary variables
were associated with DR ETI, with changes in O2 delivery or O2 saturation targets or
limits, or with the application in practice of evidence from SUPPORT or from other
studies. Since the risk for death or BPD and death or ROP was not affected by
randomization in SUPPORT, the decreased risk observed after SUPPORT may be related
to practice changes based on evidence from other studies. Several center-specific practice
guidelines and policies may have changed between the two epochs, based on new
information on antenatal, DR and NICU management and outcomes.”>*! We considered
conducting a survey of clinical practices in the 11 NRN centers participating in this
study. We decided not to do so because information in queries is usually obtained from
an individual physician or nurse responding to the request from the network and may not
be reflective of all practitioners at individual sites. Experience in the network has shown
that such surveys often are not very accurate even on current practices.

This study did not address how generalizable the study results might be to centers that did

not participate in SUPPORT. It is possible that centers participating in SUPPORT might
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have developed experience with T-piece connectors and with tight oxygen monitoring
durmg SUPPORT and thus might have been more 11kely to accept the validity of

evidence generated by their own investigators and patients than other centers might be.

Conclusion
After adjustment for baseline variables, the proportion of DR ETI in preterm neonates
24%7.27%7 weeks' GA born at NRN Centers after the SUPPORT trial was lower compared

to those born during a period before SUPPORT.
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Women and Newborns (U10 HD40461) — Neil N. Finer, MD.

University of Texas Southwestern Medical Center at Dallas, Parkland Health & Hospital
System, and Children's Medical Center Dallas (U10 HD40689, M01 RR633) — Charles R.
Rosenfeld, MD; Walid A. Salhab, MD; Pablo J. Sanchez, MD; Myra Wyckoff, MD; Luc
P. Brion, MD; James Allen, RRT; Laura Grau, RN; Alicia Guzman; Gaynelle Hensley,
RN; Melissa Martin, RN; Nancy A. Miller, RN; Lizette E. Torres, RN; Jackie Hickman,
RN; Diana M Vasil, RNC-NIC; Lijun Chen, PhD RN; Araceli Solis, RRT; Kerry Wilder,

RN.
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University of Texas Health Science Center at Houston Medicél School, Children’s
Memorial Hermann Hospital (U10 HD21373) — Kathleen A. Kennedy, MD MPH; Jon E.
Tyson, MD MPH;; Esther G. Akpa, RN BSN; Nora I. Alaniz, BS; Katrina Burson, RN
BSN; Patricia Ann Orekoya, RN BSN; Susan E. Dieterich, PhD; Patricia W. Evans, MD;
Claudia I. Franco, RNC MSN; Charles E. Green, PHD; Margarita Jiminez, MD MPH;
Terri L. Major-Kincade, MD MPH; Anna E. Lis, RN BSN; Georgia E. McDavid, RN;
Brenda H. Morris, MD; M. Layne Poundstone, RN BSN; Peggy Robichaux, RN BSN:
Saba Khan Siddiki, MD; Maegan C. Simmons, RN; Patti L. Pierce Tate, RCP; Laura L.

Whitely, MD; Sharon L. Wright, MT(ASCP).

Wayne State University, University of Michigan, Hutzel Women’s Hospital, and
Children’s Hospital of Michigan (U10 HD21385) — Seetha Shankaran, MD; Beena G.
Sood, MD MS; John Barks, MD; Rebecca Bara, RN BSN; Elizabeth Billian, RN MBA;

Laura A, Goldston, MA; Mary Johnson, RN BSN, Geraldine Muran, RN BSN,

The eleven NRN centers that remained in the NICHD NRN during the duration of this
study included: Brown University; Case Western Reserve University; Cincinnati
Children's Hospital Medical Center; Duke University; Emory University; Indiana
Untversity; Stanford University; University of Alabama at Birmingham; University of
Texas Health Science Center at Houston; University of Texas Southwestern Medical

Center; Wayne State University.
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Preliminary data were presented as a poster. Levan J, Brion LP, Wrage LA, on behalf of
the NICHD NRN. Changes in therapy and outcomes associated with the SUPPORT Trial.

Poster presentation at the Pediatric Academy Society Meeting, Washington DC, May 5,

2013. E-PAS2013:2924.474
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Figure Legends
Figure 1. Flow diagram

Figure 2. Percent delivery room intubations by pre/post SUPPORT period for the

eleven Neonatal Research Network Centers included in this study
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Figure 1
Pre-SUPPORT Post-SUPPORT

n=2998 n=3603
Born in centers that did not stay in Born in centers that did not stay in
the NRN: n=907 the NRN: n=1092
Outborn: n=347 Outborn: n=14
Known malformations: n=72 Known malformations: n=104
Respiratory support withdrawn Medical support withdrawn prior to
prior to death < 12 hours: n=55 “ death < 12 hours: n=68
Missing inclusion/exclusion Missing inclusion/exclusion
information: n=0 information: n=93

Included in the Analysis Included in the Analysis
n=1617 n=2232
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Table 1. Maternal and Neonatal Characteristics'

Characteristic Pre-SUPPORT Post-SUPPORT p-value2
N=1617 N=2232

Birth weight (grams) 825 (191) 818 (194) 0.32
GA (weeks) 25.7(1.1) 257 (L. 0.93
Male 858/1617 (533.1) 1126/2232 (50.5) 0.11
Race/ethnicity;

Non Hispanic Black 727/1617 (45.0) 965/2192 (44.0) 0.02

Noun Hispanic White 603/1617 (37.3) 808/2192 (36.9)

Hispanic 241/1617 (14.9) 314/2192(14.3)

Other 46/1617 (2.8) 105/2192 (4.8)
Antenatal Steroids: any type 1338/1616 (82.8) 1994/2225 (89.6) <0001
Antenatal Steroids: betamethasone 953/1614(59.1) 1980/2229(88.8) <0001
Multiple birth 370/1617 (22.9) 540/2228 {(24.2) 0.33
Mode of delivery: cesarean section 1004/1617 (62.1) 1476/2228 (66.3) 0.008
Prolonged rupture of membranes: (> 24 hours) 436/1586 (27.5) 5320/2161 (24.1) 0.017
Maternal hypertension 322/1617 (19.9) 610/2230 (27.4) <0.0001
Maternal diabetes 42/1617 (2.6) 120 /2231 (5.4) <{(0.0001
Maternal Antibiotics 1198/1615 (74.2) 1618/2228 (72.6) 0.28
Abbreviation: GA, gestational age
1 presented as mean (SD) for continuous variables, and n (%5} for categorical variables.
*The p-values shown are from Student t-tests for continuous variables and chi-square tests for categorical variables.
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Table 2. Primary and Secondary Outcomes'

Qutcome Pre-SUPPORT Post- p-value’ | Difference | adjusted RR® | Adjusted

N=1617 SUPPORT in Means® (35% €1y p value®
N=2232 5% €D

Intubated in delivery | 1313/1617 (81.2) 1539/2232 <(.0001 0.88 (0.85-0.91) | =<0.0001

room (primary (69.0)

outcome)

BPD or death at 36 970/1617 (60.0) 1199/2213 0.0003 - 0.94 (0.89-0.99) 0.02

weeks (54.2)

Severe ROP ordeath | 515/1581 (32.6) | 559/2165 (25.8) | <0.0001 - 0.81 (0.73-0.89) | <0.0001

Death before 358/1614 (22.2) | 393/2196 (17.9) 0.001 - 0.86 (0.76-0.98) 0.02

discharge

Bronchopulmonary 664/1311 (530.7) | 855/1869 (45.8) | 0.0064 - 1.04 (0.97-1.1) 0.26

dysplasia (36 weeks) .

Severe ROP' 174/1294 (13.5) 181/1875 (9.7) 0.0009 - 0.63 (0.52-0.77) | <0.0001

Death by 36 weeks 306/1617 (18.9) | 344/2222(15.5) | 0.0050 - 0.88 (0.76-1.00) 0.06

Death or mechanical | 741/1613 (45.9) | 875/2211 (39.6) | <0.0001 - 0.90 (0.84-0.97) 0.003

ventilation on day 7

Days on ventilator 223(24.4),13 17.8(21.3),9.0 | <0.0001 -4.7 (-6.1, - <0.0001

survivors® 3.2)

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval; NRN, Necnatal Research Network; PDA,

patent ductus arteriosus; ROP, retinopathy of prematurity; RR, relative risk

! presented as mean (SD), median for days on ventilator and n (%) for categorical variables.

? unadjusted p-values from Chi Square tests, or Wilcoxon tests, as appropriate

¥ adjusted p-values from robust Poisson models {categorical variables) or general linear models (confinuous variable).

All models include GA, birth weight (by 100 g increment), antenatal corticosteroids, gender, singleton vs. multiple,

race/ethnicity, cesarean section, rupture of membranes > 24 hours, maternal hypertension, maternal diabetes, and NRN

center. The model for BPD as also includes intubation in the DR, surfactant, FiO2 at 24 hours, PDA ligation, PDA

indomethacin treatment, and late onset sepsis.

* for infants who had an ROP exam with complete information

H
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Table 3- Online only. Tertiary Outcomes'

Outcome Pre-SUPPORT Post-SUPPORT |. p-value’
N=1617 N=2232
Delivery room oxygen 1604/1617 (99.2) 2167/2232(97.1) <0.0001
Delivery room bag & mask ventilation 1352 /1616 (83.7) 1742/2231 (78.1) <0.0001
Delivery room chest compressions 123/1617 (7.6) 173/2232 (7.8) 0.87
Delivery room administration of 89/1617 (5.5) 84/2232 (3.8) .010
medication’
Apgar score, I min., median (IQR) 4(2-6) 4 (2-6) <0.0001
Apgar score, | min., < 3, /N (%) 454/1612 (28.2) 842/2224 (37.9) <0.0001
| Apgar score, 5 min., median (IQR) 7 (6-8) 7(5-8) 0.0007
Apgar score, 5 min., < 3, /N (%) 94/1613 (5.8) 187/2226 (8.4) 0.003
Temperature within 60 min of birth 35.7(1.1),359 36.5(0.8), 36.5 <0.0001
Surfactant 1427/1617 (88.3) 1846/2222 (33.1) <0.0001
Death < 12 hours 14/1617 (0.9) 28/2232 (1.3) 0.20
Fractional inspiratory oxygen 0.34 (0.19),0.26 0.31(0.15),0.25 0.0010
concentration at 24 hours
Fractional inspiratory oxygen 82/1574 (5.2) 57/2163 (2.6) <0.0001
concentration >0.90 at 24 hours
Pneumothorax 135/1604 (8.4) 121/2204 (5.5) 0.0004
Pulmonary hemorthage 181/1603 (11.3) 150/2204 (6.8) <(L0001
Postnatal Steroids 195/1599 (12.2) 268/2155(12.4) 0.82
Days on supplemental oxygen (survivors)* 59.2 (36.4) 56.6 (37.5) .06
Days on continuous ?ositive airway 16.5(14.3), 13 18.8 (15.8), 16 0.0005
pressure (survivors)
ROP: Stage 3 or worse 238/1295 (18.4) 251/1875 (13.4) 0.0001
ROP: Plus disease 172/1280 (13.4) 149/1875 (3.0) <0.0001
ROP: Intervention 172/1288 (13.4) 171/1873 (9.1) 0.0002
PDA 795/1604 (49.6) 884/2203 (44.7) 0.003
PDA, indomethacin 587/1604 (36.6) 473/2203 (21.5) <(.0001
PDA, indomethacin or ibuprofen 587/1604 (36.6) 603/2203 (27.4) <(.0001
PDA ligation 226/1604 (14.1) 186/2203 (8.4) <0.0001
Severe intraventricular hemorrhage 288/1555(18.5) 300/2147 (14.0) 0.0002
Early onset sepsis 38/1604 (2.4) 41/2194 {1.9) 0.29
Late onset sepsis 623/1533 (40.6) 503/2120 (23.7) <0.0001
First day full feeds 27.2(17.1), 22 24 (14.3), 20 <0.0001
Proven necrotizing enterocolitis 177/1617 (11.0) 209/2232 (9.5} 0.13
Weight at 36 weeks PMA (grams) 2031 (432) 2134 (399) <(),0001
Weight at discharge (grams) 2857 (848), 2630 3104 (886), 2963 <(),0001
Length of hospital stay (days) (survivors) 84.4(51.5), 83 90,3 (52), 90 <{).0001

Abbreviation: IQR, interquartile range; PDA, patent ductus arteriosus; PMA, postmenstrual age; ROP, retinopathy of

prematurity

! presented as mean (3D), median for temperature at 60 minutes, continuous positive airway pressure, fractional

inspiratory oxygen concentration at 24 hours, days of life at which full feeds were achieved, weight at discharge, and

length of hospital stay; median (interquartile range) for Apgar scores; mean (SD), for all other continuous variables,

and n (%) for categorical variables.

% unadjusted p-values from Chi Square tests, Student t-tests, or Wilcoxon tests, as appropriate
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¥ The definition of medications administered in the delivery room was limited to epinephrine for the second period.

survivors to discharge, transfer, or 120 days, whichever came first, max is 120 days.
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List of Abbreviations:

ARR, Absolute risk reduction:

BPD, bronchopulmonary dysplasia;
Cl, confidence interval,

CPAP, continuous positive airway pressure;
DR, delivery room;
ETI-Endotracheal Intubation;

GA, gestational age;

GDBE, generic database;

NRN, Neonatal Research Network;
PDA, patent ductus arteriosus;
PMA, postmenstrual age;

ROP, retinopathy of prematurity;

RR, relative risk;

SUPPORT, Surfactant, Positive Pressure, and Oxygenation Randomized Trial
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Abstract
Objective
The NICHD Neonatal Rescarch Network (NRN) conducted the SUPPORT trial, in which

preterm neonates 2472797

weeks' gestational age (GA) were randomized to: (1)
delivery room (DR) continuous positive airway pressure (CPAP) or intubation with early

surfactant administration; and (2) oxygen saturation targets of 85 to 89% or 91 to 95%.

The objective of the current study was to test the hypothesis that DR intubation decreased

publiestion-of SUPPORT withiwithin NICUs in NRN centers.

Study Design:

This was a retrospective cohort study using the prospective NRN generic database. We
included infants 24%7-27%7 weeks GA born before (2003-04) and after SUPPORT (2010-
12) at 11 centers which participated in SUPPORT and were part of the NRN in 2003-12.

We excluded infants with syndromes or major malformations and those who received

only comfort care. The primary outcome was DR intubation. Fhe-mostimpertant

Results:

After adjustment for baseline variables, the RRs (post vs. pre-SUPPORT) for DR

intubation (adjusted RR 0.88, 95% confidence interval [C1}-0.85-0,91 ), ROP/death

4-02042

Comment [LW1]: 1am not aware that this was
our hypothesis, the latest version of the proposal that
[ have still says that the frequency of DR intobation
will decrease post-SUPPORT, [ think we should
stick with our original statement of hypothesis, we
did not address this as currently stated.

['d be interested to know what Abhik thinks of this
change fiom a general 1o much more specific
hypothesis.

Reading furiher,

I looks like this change was precipitaled by a
reviewer question about expected effect size, ete., so
please see my other various related comments in the
paper and also in the d containi

10 reviewers.
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%) wasere significantly lower

than one.

Conclusions:
After adjustment for baseline variables infants 24”7-27% weeks GA bom at participating
NRN Centers after publication of SUPPORT had significantly lower percentages of DR

intubation; BPB/death

pe compared to infants bom

before SUPPORT. Comment [LW2): Comrect and this follows from
out original hypothesis.
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Introduction:

The Eunice Kennedy Shriver NICHD Neonatal Research Network (NRN) Surfactant,
Positive Pressure, and Oxygenation Randomized Trial (SUPPORT) was a multicenter
randomized 2 X 2 factorial trial, in which preterm infants of 24%7 weeks to 27%7 weeks
gestational age (GA) were randomized at birth to (1) either continuous positive airway
pressure {CPAP) initiated in the delivery room (DR} and protocol-driven limited
ventilation begun in the DR, or endotracheal intubation (ETI) with surfactant
administration (within one hour of birth) followed by a conventional ventilation strategy,
and (2) oxygen saturation targets of either 85 to 89% or 91 to 95%."* From February
2005 through February 2009, 1316 infants were enrolled, including 565 in the lower GA
stratum (24%7 weeks to 25%7 weeks) and 751 in the higher stratum (267 weeks to 2757
weeks).” The results of the SUPPORT triat were published in May 2010."* The risks of
the primary outcome of the CPAP trial (death or bronchopulmonary dysplasia [BPD])
were not significantly different between the CPAP and the surfactant groups.' In the
CPAP group, infants had a lower proportion of endotracheal intubation or postnatal
steroids for BPD, had fewer days of mechanical ventilation among survivors, and were
more likely to be alive and off mechanical ventilation by day seven. Among infants with
GA 24" weeks to 25% weeks, the risk of death during hospitalization and at 36 weeks
postmenstrual age (PMA) was significantly lower in the CPAP group than in the
surfactant group. There was also less use of epinephrine in the DR in the CPAP group
than in the surfactant group. The risk of the primary outcome of the saturation target trial
(scvere retinopathy of prematurity [ROP] or death) was not significantly different

between the two oxygen saturation target groups. However, the risk of death was higher

4-02044
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and that of severe ROP was lower in the low saturation target group than in the high
farget group.

The objective of this study was to determine if publication-e£ SUPPORT-was-temporally
asseciated-with-ehangestn-clinical practice, specifically #the proportion of preterm
inbom infants intubated in the DR, decreased ehansed-after SUPPORT in centers that

partigipated in the trial - We hypothesized that after SUPPORT there would be a 15%

decrease lowet-propertien-ofin ETI in the DR in preterm infants 24°7 to 27% weeks ) [ Comment [LW3]: See previous comment about J
thus

compared to the period before SUPPOR Tusinga-censervative-estimete-based-on

somewhere, but 1 den’t think we shouid change the

#al. We speculated that the decrease in Comment [LW4J: [ think you can use this info
statement of hypothesis.

proportion of ETI in the DR in each center after SUPPORT would depend on the baseline
proportion before the trial. In this study we also aimed to determine whether neonatal
outcomes in preterm -infants with GA between 24”7 and 27%7 weeks changed after

SUPPORT. The most important reonatal-secondary outcomes were se<neluded-the

composite of death or BPD, the composite of severe ROP or death before discharge from

the hospital, and death before discharge. We-alse-examined-if publication-of SURPRORTF

Methods

Study Design
This was a retrospective birth cohort analysis with before/after design. We extracted data
from the NICHD Generic Database (GDB) (a registry of very low birth weight infants

born alive in NRN centers) in one birth cohort of patients born before the initiation of the
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SUPPORT trial and in a second preterm cohort born after publication of the SUPPORT

Trial.- The GDB collects detailed maternal pregnancy/delivery data and baseline,

treatment and outcome data on infants using standardized protocols and f Data is

collected to death, discharge, or 120 days (*status’), whichever comes first, and limited

additional data is collected on infants who remain in the hospital at 120 days. GBB-has

atHisted-euteomes—We included the eleven centers that participated in the SUPPORT . { Comment {LWS]: This sentence is awkward,
suggest something like; The GDB collects detailed
i . . maternal pregnancyfdelivery dala and baseline,
trial and in the NRN during the cycles relevant to the two cohorts. trestment and outcome data on infants using
standardized protocols and forms. (if we have more
rocn we can give more detailed information such as
data is coliected 1o death, disct o 120 days
(*statns™), whichever comes first, and limited

. additional data is collecl=d on infants who remain in
St!ldx PQ_QU'&I]OI'I: the hospital at 120 days.). Something like this could
also help with the question of liming ¢f birth and
ascertaining outcomes which one reviswer raised.

The first cohort includes preterm patients born during a 2-year period preceding the
SUPPORT trial (from 1/1/2003-12/31/2004). The second cohort includes preterm patients
born after publication of the SUPPORT trial (1/1/2010-12/31/2012). Based on numbers
entered in GDB in 2010, we expected to obtain abeut-similar numbers of patients in both

cohorts.

Eligibility and exclusion criteria:

Eligibility and exclusion criteria were similar but-netidentical-to those used in
SUPPORT ='? Specifically, eligible infants were inborn at 24”7 to 27%7 weeks at birth
by best obstetrical estimate delivered at an NRN center participating in the SUPPORT
trial and included in the GDB during the entire study peried (2003-2012). Exclusion
criteria for this analysis were: known malformations, respiratory support {1* cohort) or

medical therapy (2™ cohort) withheld or withdrawn at any time prior to death < 12 hours,

4-02046 02046
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The latter criterion was different from SUPPORT, where patients were inexcluded if a

decision ha: made to provi 11 resuscitation for them.

Baseline variables

Neonatal and maternal characteristics included birth weight, GA, gender, race/ethnicity,
prenatal steroid use {any type or betamethasone, any or full course), mode of delivery,
multiple birth, prolonged rupture of membranes, maternal hypertension, diabetes, or

antibiotic use before delivery.

Qutcome variables:

The primary outcome variable was a practice variable, i.e., ETI in DR.

The most important sSecondary outcomes included the composite of death or BPD

(oxygen use at 36 weeks of PMA, the composite of severe ROP (defined as ROP surgery

or retinal detachment) or death before discharge from the hospital, and death before [ comment [LW6]: 1 don’t think this *and’ should
be deleted.

discharge. Additional secondary outcomes included death by 36 weeks, BPD at 36

weeks. severe ROP as of status, at-diseharge—death or mechanical ventilation on day 7.

and days on ventilators in survivors until discharge. The definitions of BPD and ROP for

this study were based on those used in the GDB; they were similar but not identical to
those used for the primary ouicome of SUPPORT, i.e., physiological definition of BPD

defined as the receipt of more than 30% supplemental oxygen at 36 weeks or the need for
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positive-pressure support or, in the case of infants requiring less than 30% oxygen, the
need for any supplemental oxygen at 36 weeks after an attempt at withdrawal of oxygen;
and severe ROP defined by threshold retinopathy, ophthalmologic surgery, or the use of
bevacizumab treatment, with examination continued until SUPPORT outcome was
reached or resolution occwred.'

Tertiary outcomes included practice variables such as use of surfactant, ventilation and
CPAP, treatment of patent ductus arteriosus (PDA) and feeding practice, and the
following outcome variables (including potential confounders): BRDsevere-ROR-and
other ROP outcomes, death within 12 hours or by 36 weeks PMA, DR practiceestesme,
Apgar scores, temperature within 60 minutes of birth, pneumothorax, pulmonary
hemorrhage, sepsis, intraventricular hemorrhage, oxygen supplementation, PDA, feeding
and weight related variables, proven necrotizing enterocolitis (stage Il or greater,

modified Bell’s classification)’ and length of hospital stay among survivors.

Statistical analysis

Variables of interest were compared by study group using chi-square tests for categorical
variables, Wilcoxon tests for Apgar scores and skewed continuous variables, and Student
t-tests for all other continuous variables. Robust Poisson regression models were used for
dichotomous outcomes to oblain adjusted relative risks (RR) and 95% confidence
intervals (CI). General linear models were used for continuous outcomes,-to obtain
differences in means and 95% CL. All models included pre-specified prenatal covariates |

(based on the literature) shown to affect outcomes in very preterm infants (GA, antenatal
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corticosteroids, gender, singleton vs. multiple, birth weight by 100 g increment)® as well
as additional covariates that were significantly different by study group (p < 0.10) in the
unadjusted tests, and that preceded the outcome. The models for the primary outcome and
all sccondary outcomes, with the exception of BPD, included additional variables that
preceded birth (race/ethnicity, cesarean section, rupture of membranes > 24 hours,
materhal hypertension, matemal diabetes and NRN center), but not postnatal variables to
which some infants may not have been exposed before the outcome took place. The
model for BPD contained these same additional variables as well as intubation in the DR,
surfactant, FiO2 at 24 hours, PDA ligation, PDA indomethacin treatment, and late onset
sepsis. =¥ Since we did not adjust p--values for multiple comparisons, all secondary
and tertiary analyses should be considered as exploratory.

A Spearman correlation was used to assess whether the change in proportion of delivery
room intubations from the first period (pre-SUPPORT) to the second period (post-

SUPPORT) was higher in centers with higher proportion of intubation during the first

period.

Comment [LWZ]: | don'( think we need 10 put
1his section in the paper, this was done ] think) to
Justify the study for the Networ k {i.e, do we have
Resulis the dala to make it worth doing, which we did).
Otherwise iz it really relevant? 1am not sure it is. Tt
. 017 7 . i also looks like this might be where thal | 5%

A total of 6,601 infants 24™" to 27° 'wecks GA were bom during the study periods and reduction in risk is coming from (or 1 guess that was
the result fom the single center study), again 1 don't
i . : , i think that was part of the original hypothesis. 1 think
included in the GDB: 2,998 in 2003-2004 and 3,603 in 2010-2012 (Figure 1). The that you were just trying to show thal you'd have

enough data 1o show a clinically relevani seduction?

primary imbalance was due (o outbom status. TOf-these, 1,009 infants-were-exeluded
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tetal-study population included of 3,849 infants: 1,617 infants in the pre-SUPPORT

group and 2,232 infants in the post-SUPPORT group.

The baseline maternal and neonatal characteristics of both groups are shown in Table 1+,

There was more antenatal steroid use-(89:6%—vs—82-8%;p<0:-0001), maternal
hypertension-E@F4%vs19-9%-$<0.0001), maternal diabetes-(5-4%40-va—2-6%4;
p<0:00013, cesarean section delivery-{66-3%—vs—621%;p=0-0678}, and less prolonged
rupture of membranes (24-4%vs-27:5%p=0-01FFin the post-SUPPORT group, and

race/ethnic distribution was different from the pre-SUPPORT group.

For the primary outcome; unadiusted-comparisen-showed-a-signi

—tThe adjusted risk of DR
ETI (adjusted RPR-0-88;-05% C10-85-0-9 D significantly decreased after publication-of
SUPPORT {Table 2). . { Comment [LWB8]: 1 am not sure that we need to

E slate both unadjusted and adjusted cutcome results.

t Mayhe we could just say that results for primary and
secondary guicomes are shown in Table 2 and go on |
to discuss adjusted results. i

For secondary outcomes, unadjusted-comparison

B-tFhe adjusted risk of BPD/death-(adjusted RR-6:94.-95%-C1-0-830-0:.00) severe
ROP/death-(adjusted RR-0-31,-95%-C10-73-0-89), and-death before discharge, (adjusted

adjusted-risk-of severe ROP, (adjusted RR-0:63-05%-C10-52-0-77-and ef-death or

mechanical ventilation at day of life seven (adjusted RR-0-90,-95%-C1-0-84-0-97)-were
significantly lower in the post-SUPPORT group {Table 22). In contrast, the adjusted risk

11
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of BPD (edjusted RR1-04-95%, CL0-07 - h-and efdeath at 36 weeks (edjusted RR-0-88;
059%-C1H0-76-1-00)-were not significantly different between groups. The average number

of ventilator days among survivors decreased by-4-Fdays-{933%-CI3:2-6-D-after
SUPPORT.

Unadjusted comparisons of tertiary outcome variables are shown in Table 3: online only,

the-appendix—Secveral differences were observed between the two periods. Post hoe

analysis showed that the proportion of babies who were never intubated was 5.6% forthe _ .- -( Formatted: Font: Not Ralic )
Pre-SUPPORT group. and 11.4% for the Post-SUPPORT group (P<0.001), . - { Formatted: Font: Not lialic )

Figure 2 shows the proportion of infants intubated in the DR during the first and second
study periods in all centers in the study. The correlation between the proportion of
intubations in the DR during the first period and the change in propertion of intubations
in the DR from the first to the second period was not significant (Spearman correlation

coefficient -0.44, p=0.18).

Discussion:
Infants 24°7 to 276" weeks GA born after publication of SUPPORT in the 11 centers

participating in the trial had a lower proportion of DR ETI compared to those infants bom

before the initiation of the SUPPORT. i i

12
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during-SHPPORT-(59%43-In this study we compared data before SUPPORT with data

after SUPPORT and did not thus-we-were-unable-to-analyze serial changes in -whether

the deerease-n-proportion of ETI in each participating centers. The proportion of ETL in

cach center could have decreased -with increasing use of CPAP and experience with teek

priee-Hrte-HHRC0

efore, during or after participation in —eondustion-of-the Feasibility Trial {which took

place in 5 of the 11 centers during the first epoch. July 2002 to January 2003).)° during  __ - { Formatted: Superscript )
participation the-trial—or after publication of the results of SUPPORT. The propartion of

ETlin i # ne of the centers icipating i PPORT:

decreased in non-enrolled patients from baseline before SUPPORT (2003-20054) to

hs during SUPPORT (2005-2 n its publication (20096-201 in

absence of any change in DR policy or practice guideline. The proportion of £~ ETLin a

subset of these patients decreased more than in a comparable contemporaneous cohort in

the Vermont Oxford Neonatal Network (2003-2004 versus 2006-2009).'® In another - - { Formatted: Superscript )

center among ene-efthe 11 NRN centers that participated in SUPPORT., the proportion

of ETI decreased after the neonatologists prospectively introduced routine, early, bubble
nasal CPAPintroductien-ofbubble-CPAP in 2000. i.e.. before SUPPORT."” The fact that

3 centers had participated in the Feasibility Trial may have limited the overall decrease in

DR ETI observed in this study. Lack of correlation between Wehad-bvpeothesized that

the change in the proportion in ETI after SUPPORT and

may have resulted from the limited number of centers ineluded-in this study and from the
13
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narrow range (82-97%) of re-SUPPORT

proportions of ETLin 9 of 11 centerstha

The strengths of this study include a large sample size, the use of a prospective database
and of inbom patients which limits incomplete/missing data and information bias, aad-the

use of multivariate analysis to take into account differenees-in-confounding variables

between-the-two-perieds, the use of inclysion and exclusion criteria that were similar to
resembled-{thouph did not-exactly-match)-those used in SUPPORT, and the inclusion of -

/0. cohorts, thereby limiting bias due to |-

25 that have been observed ip
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2ot et-DCCTTH

any cause-effect interpretations; the which-eouldH

striet-selestion-eriteriahigh percentage of exclusions:; lack of serial data and of data from

centers that did not participate in SUPPORT but remained in the NRN during the study

period. thereby preventing analysis of secular trends; lack of informatjon on the history of

changes in policies and practice guidelines in each participating NRN center; -the-limited

dsand lack of information in

15
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individual-use-of DR CPAP, oxygen saturation-targetsin-the DR or the NICH, or the

rationale used for each warieus-practice in each infant. s-used for-eachpatientin-each

discharge was-signifieantby-decreased in the group of infants in the post-SUPPORT

group. This finding contrasts with_previous published reports from the NICHD NRN:

e e FO- SO W B Y TR DO YO REH

between1995-06 and 1997-2002."_and between2003-and-2007-'* "% but Ieis

consistent with a recent review a-recentreview-of deathsameneextremelylow

16
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extremely low birthweight infants enrolled in the GDB between 2000-2003 and 2008-

2011.%° Similarly, mortality in very low birth weight infants decreased in the Vermont

Oxford Network between 2000 and 2009.2'*

This study was not designed to test whether any change in secondary or tertiary variables

were associated with DR ETI, with changes in O2 delivery or O2 saturation targets or
limits, or with the application in practice of evidence from SUPPORT or from other

This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
|
I
|

studies. Since the risk for death or BPD and death or ROP was not affected by
randomization in SUPPORT, the decreased risk observed after SUPPORT may be related

to practice changes based on evidence from other studies.

exygen-saturation—Several cGenter-specific practice guidelines and policies may have

individual-practice-may-have-changed between the two epochs, based on new information
on ether-studies rather than SUPPORT -e-g—antenatal, DRstudies-on and NICU
management and outcomesantenatal-steroids;” -treatment-and-prophylaxis-o£ PDA Y

. 2% ionof 1

17

4-02056 02056

R




This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

associated-bloodstream-infections;”  -ornutntion. 221 We considered conducting a

survey of clinical practices in the 11 NRN centers participating in this study. We decided

not to do so because information in queries is usually obtained from an individual

physician or nurse responding to the request from the network and may not be reflective

of all practitioners at individual sites. Experience in the network has shown that such

surveys often are not very accurate even on current practices. DR-practiees-including

This study did not address how generalizable the study results might be to centers that did
hot participate in SUPPORT. It is possible that centers participating in SUPPORT might

have developed experience with T-picce connectors and with tight oxygen monitoring

during SUPPORT and thus might have been more likely to accept the validity of

evidence generated by their own investigators and patients than other centers might be.

Conclusion
After adjustment for baseline variables, the proportion of DR ETI ;- ROP/death;

BPD/death—and-death-before-discharge-in for preterm neonates 24%7.27% weeks' GA

born at NRN MNetwerl-Centers wastower-after following the-publication-efthe

SUPPORT trial was lower compared to those born during a period before SUPPORT. g . - -{ Formatted )
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Rosemary D. Higgins, MD; Linda L. Wright, MD; Stephanie Wilson Archer, MA.
Indiana University, University Hospital, Methodist Hospital, Riley Hospital for Children,
and Wishard Health Services (U10 HD27856, M01 RR750, UL1 TR6) — Brenda B.

Poindexter, MD MS; James A. Lemons, MD; Leslie D. Wilson, BSN CCRC; Dianne E.

Herron, RN.

23

4-02062

02062



This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

RTI Intemational (U10 HD36790) — Dennis Wallace, PhD; Margaret Cunningham, BS

CCRP; Jeanette O'Donnell Auman, BS; Jenna Gabrio, BS CCRP; Carolyn Petrie

Huitema, MS CCRP; James W. Pickett I1, BS; Kristin M. Zaterka-Baxter, RN BSN

CCRP.

Stanford University and Lucile Packard Children's Hospital (U10 HD27880, M01 RR70,
UL1 TR93) — Krisa P, Van Meurs, MD; David K. Stevenson, MD; M. Bethany Ball, BS

CCRC; Melinda S. Proud, RCP.

University of Alabama at Birmingham Health System and Children’s Hospital of
Alabama (U10 HD34216, M01 RR32) — Waldemar A. Carlo, MD; Namasivayam

Ambalavanan, MD; Monica V. Collins, RN BSN MaEd; Shirley S. Cosby, RN BSN.

University of California — San Diego Medical Center and Sharp Mary Birch Hospital for

Women and Newborns (U10 HD40461) — Neil N. Finer, MD,

University of Texas Southwestern Medical Center at Dallas, Parkland Health & Hospital
System, and Children's Medical Center Datlas (U10 HD40689, M01 RR633) - Charles R.
Rosenfeld, MD; Walid A. Salhab, MD; Pablo J. Sanchez, MD; Myra Wyckoff, MD; Luc
P. Brion, MD; James Allen, RRT; Laura Grau, RN; Alicia Guzman; Gaynelle Hensley,
RN; Melissa Martin, RN; Nancy A. Miller, RN; Lizette E. Torres, RN; Jackie Hickman,
RN; Diana M Vasil, RNC-NIC; Lijun Chen, PhD RN; Araceli Solis, RRT; Kerry Wilder,

RN.
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University of Texas Health Science Center at Houston Medical School, Children's
Memorial Hermann Hospital (U10 HD21373) — Kathleen A. Kennedy, MD MPH; Jon E.
Tyson, MD MPH; Esther G. Akpa, RN BSN; Nora I. Alaniz, BS; Katrina Burson, RN
BSN; Patricia Ann Orekoya, RN BSN; Susan E. Dieterich, PhD; Patricia W. Evans, MD;
Claudia I. Franco, RNC MSN; Charles E. Green, PHID); Margarita Jiminez, MD MPH;
Terri L. Major-Kincade, MD MPH; Anna E. Lis, RN BSN; Georgia E. McDavid, RN;
Brenda H. Morris, MD; M. Layne Poundstone, RN BSN; Peggy Robichaux, RN BSN;
Saba Khan Siddiki, MD; Maegan C. Simmons, RN; Patti L. Pierce Tate, RCP; Laura L.

Whitely, MD; Sharon L. Wright, MT(ASCP).

Wayne State University, University of Michigan, Hutzel Women’s Hospital, and
Children’s Hospital of Michigan (U10 HD21385) — Seetha Shankaran, MD; Beena G.
Sood, MD MS; John Barks, MD; Rebecca Bara, RN BSN; Elizabeth Billian, RN MBA;

Laura A. Goldston, MA; Mary Johnson, RN BSN, Geraldine Muran, RN BSN.

The eleven NRN centers that remained in the NICHD NRN during the duration of this
study included: Brown University; Case Western Reserve University; Cincinnati
Children's Hospital Medical Center; Duke University; Emory University; Indiana
University; Stanford University; University of Alabama at Birmingham; University of
Texas Health Science Center at Houston; University of Texas Southwestern Medical

Center; Wayne State University.
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Preliminary data were presented as a poster. Levan ], Brion LP, Wrage LA, on behalf of
the NICHD NRN. Changes in therapy and outcomes associated with the SUPPORT Trial.
Poster presentation at the Pediatric Academy Society Meeting, Washington DC, May 5,

2013, E-PAS2013:2924.474
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Figure Legends
Figure 1. Flow diagram

Figure 2. Percent delivery room intubations by pre/post SUPPORT period for the

eleven Neonatal Research Network Centers included in this study
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Table 1, Maternal and Neonaial Charscteristics’ e oo ._..... -~ Formattad: Line spacing: single )
haracteri PreSUPPORT | PostSUPPORT | povalue® | ormatted: No underfine )
N=1617 N=2232
| Birth weight {grams} 825 (191) 318 (194) 0.32
GA (wecks) 257 (L1) 25 7{L1) 0.93
“Male §58/1617 (53.1} 112672232(50.5) | 0.1
_Non Hispanic Black 127/1617 (4500 965/2192 (44,0) 0.02
Non Hispanic White 603/1617 (37.3) 808/2192 (36.9)
_Hispanic 241/1617(14.9) 314219214.3)
Other 46/1617 (2.8) 1052192 (4 8)
Anteniatal Steroids: any type 1338/1616{82.8) 1994/2225 (89.6) <0001 |
Antenatal Steroids: betamethasone 953/1614(59.1) 1980/227%(33.8) | <.000
| Multiple birth 370/1617 (22.9) 54012228 (24.2) 033
Mode of delivery: cesarean section 1004/1617(62.1) | 1476/2228(66.3) | 0.008
Prolonged rupture of membranes: (> 24 hours) 436/1586(21.5) 5202161 (24.1) 0.017
| Matemal hvpertension 322/1617(19.9) 61072230(274) | <0.000]
Matemal diabetes 42/1617(2.6) 120/2231(54) | <0.0001
Matemal Antibiotics 1193/1615(74.2) | 161872228(72.6) | 028
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Table 2. Primary and Seconda

)

|

Quicome Pre-SUPPORT Post- p-value’ [ Differen RR® | Adjusted
N=1617 SUPPORT mmé sl p value”
N=2232
Intubated in delivery | 1313/1617(81.2} 1539/2232 =0.0001 0.88(0.85-09]} | =0.000]
oo (primary (69.0)
ouicome}
BPDordeathat36 | 970/1617 (60.0} 11997221 2.0003 0.94(0.89099) | 007
weeks (54.2)
Severe ROF or death | 515/1381 (326} | 559/2165(25.8) | <0.0001 . 0.81{0.73-0.89) | <0.0001
Death beforg J5%/]614(222y | 393/2196{17.9) | 0.00] - 0.86(0.7 0.02
discharge
Bronchopulmonary | 664/1311 (30.7) | 855/1869(4538) | 0.0064 - 711 026
: dysplasia (36 weeks)
SevereROP'by | LZANZ94(135) | IUIBTSA(07) | 0.0009 - | 63057070 | - S0 Formatted: Supersernt
Death by 36 weeks | 306/1617(189) | 3442222(155) | 0.0050 N 0SB 0TE100) | (| 1o i o o 2P canme i et
Death or mechanicat | 741/1613 (45.9) | 87572211(39.6) | <0.0001 " 0.90(0.840.97) | 0] information
<0.0001

AllLmodels include GA, birth weight {by 100 g increment), antenatal corticosteroids, gender, singleton vs. multiple,

po-ge-wrelbasas also includes i ion i

surfactant, Fi02 at 24 hours, PDA ligation, PDA indomethacin weatment, and [atg onset sepsis.

Hsurvivors W discharge, transter, or 120 days, whicheyver came firse, max is 120 days,
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Outcome P UPPORT | p-value®
N=1617 N=2232
liv 1604/1617(99.2) | 2167223%971) | <0.0001
Deliv m v 1352/1616(83.7) | 1742/2231(78.1) | <0,0001
livery room chest com 123/1617(7.6) 1732232(7.8) 0.87
Delivery room administration of 29/1617(5.5) 842232 (3.8) 0.010
r i 4(2-6) 4(2-6) <0.000f
Apgar score, Lmin. < 3, wN (%) 454/1612 (282) $42/2224 (31.9) <0.0001
5 min., median (IOR 7{6-8) 7(5-8) 0.0007
|_Apgar score, $ min., <3, N (%) 94/1613 (5.8) 187/2226 (8.4) 0.003
Temperatyre within 60 min of birth 35.7(1.1}, 359 36.5(0.8), 36.5 <0.0001
Surfactant 1427/1617(88.3) | 1846/2222(83.1) | <0.0001
| Death < 12 howrs 14/1617 (0.9) 2972232(1.3) 0.20
Fractional inspiratory oxvgen 0.34(0.191.0.26 0.31 (€.15).0.25 0.0010
concentration at 24 hours
Eractional inspiratory oxygen 82/1574 (5.2} 5772163 (2.6) <0.0001
| concentration >-0.90 st 24 hours
Pneumothorax 135/1604(8.4) 121/2204 (5 %) 0,0004
| Pulmonary hemorrhage 181/1603 {11.3) 8 <0.000]
Postnatal Steroids 195/1599(12.2) 2682155 (124) 0.82
| Davs on supplementa] oxygen {survivors)® 59.2{36.4) 56.6 (31.5) 006
Days on continugus positive airway 16.5(14.3), 13 18.8(]58).16 0.0005
| pressure {survivors)
ROP: Stage 3 or worse 238/1295(18.4) 25111875 (13.4) 0.0001
ROP: Plus disease 172/1280 {13.4) 146/1875 ($.0) <0.0001
ROP: Intervention 1721288 (13.4) 17171873 (9.1) 0.0002
PDA 795/1604 (49.6) 93472203 (44.1) 0,003
| PDA, indomethacin 587/1604 (36.6) 4732203 (21.5) <0).0001
i ethacin or i 587/1604 (36.6) 60372203 (27.4) <0.000]
PDA ligation 226/1604 (14.1) 186/2203 (8.4) <0,0001
verg intraventricular hemorr 5(18.5 3002147 (14.0) 0.0002
Early onset sepsis 38/1604 (2.4) 4172194 (1,9 0.29
e onset sepsis 623/1533 (40,6) 5032120 (23.7) =0.0601
First day full feeds 27.2{17.1),22 24(14.3),20 <0.000]
Proven necrotizi litis 1771617 (11.0) 2092232 (9.5) 0.43
Weight at 36 weeks PMA {grams) 2031(432) 2134 (399 <0.0001
| Weight at discharge (grams) 2857 (848), 2630 2
Length of hospital stay {days) (survivors} §4.4(51.5), 83 90.3(52), %0 <0.000]
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*survivors to discharge, transier_or 120 days, whichever came first, max is 120 days.
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Abstract: Objective

The NICHD Neonatal Research Network (NRN) conducted the SUPPORT trial, in which preterm
neonates 240/7-276/7 weeks’ gestational age (GA) were randomized to: (1) delivery room (DR)
continuous positive airway pressure (CPAP) or intubation with early surfactant administration; and
(2) oxygen saturation targets of 85 to 89% or 91 to 95%. The objective of the current study was to
compare medical care practices and neonatal outcomes before and after publication of SUPPORT
within NICUs in NRN centers.

Study Design:

This was a retrospective cohort study using the prospective NRN generic database. We included infants
240/7-276/7 weeks GA born before (2003-04) and after SUPPORT (2010-12} at 11 centers which
participated in SUPPORT and were part of the NRN in 2003-12. We excluded infants with syndromes
or major malformations and those who received only comfort care. The primary outcome was DR
intubation. The most important secondary outcomes were bronchopulmonary dysplasia (BPD)/death
at 36 weeks, severe retinopathy of prematurity (ROP)/death and death by discharge.

Results:

After adjustment for baseline variables, the RRs (post vs. pre-SUPPORT) for DR intubation (adjusted
RR 0.88, 95% confidence interval [CI] 0.85-0.91), ROP/death (adjusted RR 0.81, 95% Cl 0.73-0.89),
BPD/death (adjusted RR 0.94, 95% CI 0.89-0.99} and death at discharge (adjusted RR 0.86, 95% CI
0.76-0.98) were significantly lower than one.

Conclusions:

After adjustment for baseline variables infants 240/7-276/7 weeks GA born at participating NRN
Centers after publication of SUPPORT had significantly lower percentages of DR intubation,
BPD/death, ROP/death and death at discharge compared to infants born before SUPPORT.
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Abstract

Objective

The NICHD Neonatal Research Network (NRN) conducted the SUPPORT irial, in which
preterm neonates 24%7-27%7 weeks' gestational age (GA) were randomized to: (1)
delivery room (DR) continuous positive airway pressure (CPAP) or intubation with early
surfactant administration; and (2) oxygen saturation targets of 85 to 89% or 91 to 95%.
The objective of the current study was to compare medical care practices and neonatal

outcomes before and after publication of SUPPORT within NICUs in NRN centers.

Study Design:

This was a retrospective cohort study using the prospective NRN generic database. We
included infants 24”7-27%7 weeks GA born before (2003-04) and after SUPPORT (2010-
12) at 11 centers which participated in SUPPORT and were part of the NRN in 2003-12.
We excluded infants with syndromes or major malformations and those who received
only comfort care. The primary outcome was DR intubation. The most important
secondary outcomes were bronchopulmonary dysplasia (BPD)/death at 36 weeks, severe

retinopathy of prematurity (ROP)/death and death by discharge.

Results:
After adjustment for baseline variables, the RRs (post vs. pre-SUPPORT) for DR
intubation (adjusted RR 0.88, 95% confidence interval [CI] 0.85-0.91), ROP/death

(adjusted RR 0.81, 95% C10.73-0.89), BPD/death (adjusted RR 0.94, 95% CI 0.89-0.99)
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and death at discharge (adjusted RR 0.86, 95% CI 0.76-0.98) were significantly lower

than one.

Conclusions:

After adjustment for baseline variables infants 24*7-27%" weeks GA bom at participating
NRN Centers after publication of SUPPORT had significantly lower percentages of DR
intubation, BPD/death, ROP/death and death at discharge compared to infants born

before SUPPORT.
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Introduction:

The Eunice Kennedy Shriver NICHD Neonatal Research Network (NRN) Surfactant,
Positive Pressure, and Oxygenation Randomized Trial (SUPPORT) was a multicenter
randomized 2 X 2 factorial trial, in which preterm infants of 24”7 weeks to 2757 weeks
gestational age (GA) were randomized at birth to (1) either continuous positive airway
pressure (CPAP) imtiated in the delivery room (DR) and protocol-driven limited
ventilation begun in the DR, or endotracheal intubation (ETI) with surfactant
administration (within one hour of birth) followed by a conventional ventilation strategy,
and (2) oxygen saturation targets of either 85 to 89% or 91 to 95%."* From F ebruary
2005 through February 2009, 1316 infants were enrolled, including 565 in the lower GA
stratum (24" weeks to 257 weeks) and 751 in the higher stratum (26*7 weeks to 27%7
weeks)."? The results of the SUPPORT trial were published in May 2010."? The risks of
the primary outcome of the CPAP trial (death or bronchopulmonary dysplasia [BPD])
were not significantly different between the CPAP and the surfactant groups.' In the
CPAP group, infants had a lower proportion of endotracheal intubation or postnatal
steroids for BPD, had fewer days of mechanical ventilation among survivors, and were
more likely to be alive and off mechanical ventilation by day seven. Among infants with
GA 24" weeks to 25% weeks, the risk of death during hospitalization and at 36 weeks
postmenstrual age (PMA) was significantly lower in the CPAP group than in the
surfactant group. There was also less use of epinephrine in the DR in the CPAP group
than in the surfactant group. The risk of the primary outcome of the saturation target trial
(severe retinopathy of prematurity [ROP] or death) was not significantly different

between the two oxygen saturation target groups. However, the risk of death was higher
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and that of severe ROP was iower in the low séturation target group than. in the high
target group.

The objective of this study was to determine if publication of SUPPORT was temporally
associated with changes in clinical practice, specifically in the proportion of preterm
inborn infants intubated in the DR. We hypothesized that after SUPPORT there would be

4”7 t0 27%7 weeks compared to

a lower proportion of ETI in the DR in preterm infants 2
the period before SUPPORT. We speculated that the decrease in proportion of ETI in the
DR in each center after SUPPORT would depend on the baseline proportion before the
trial. In this study we also aimed to determine whether neonatal outcomes in preterm
infants with GA between 24°7 and 27%" weeks changed after SUPPORT. These included
the composite of death or BPD, the composite of severe ROP or death before discharge
from the hospital, and death before discharge. We also examined if publication of

SUPPORT was followed by changes in several other neonatal processes of care and

outcomes.

Methods

Study Design

This was a retrospective birth cohort analysis with before/after design. We extracted data
from the NICHD Generic Database (GDB) (a registry of very low birth weight infants
born alive in NRN centers) in one birth cohort of patients born before the initiation of the
SUPPORT trial and in a second preterm cohort born after publication of the SUPPORT
Trial. We included the eleven centers that participated in the SUPPORT trial and in the

NRN during the cycles relevant to the two cohorts.
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Study Population:

The first cohort includes preterm patients born during a 2-year period preceding the

SUPPORT trial (from 1/1/2003-12/31/2004). The second cohort includes preterm patients

born after publication of the SUPPORT trial (1/1/2010-12/31/2012). Based on numbers
entered in GDB in 2010, we expected to obtain about similar number of patients in both

cohorts,

Eligibility and exclusion criteria;

Eligibility and exclusion criteria were similar but not identical to those used in
SUPPORT.'” Specifically, eligible infants were inborn at 24%” to 277 weeks at birth by
best obstetrical estimate delivered at an NRN center participating in the SUPPORT trial
and included in the GDB during the entire study period (2003-2012). Exclusion criteria
for this analysis were: known malformations, respiratory support (1* cohort) or medical

therapy (2™ cohort) withheld or withdrawn at any time prior to death < 12 hours.

Baseline variables

Neonatal and maternal characteristics included birth weight, GA, gender, race/ethnicity,
prenatal steroid use (any type or betamethasone, any or full course), mode of delivery,
multiple birth, prolonged rupture of membranes, maternal hypertension, diabetes, or

antibiotic use before delivery.
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Outcome variables:

The primary outcome variable was ETI in DR.

Secondary outcomes included the composite of death or BPD (oxygen use at 36 weeks of
PMA, the composite of severe ROP (defined as ROP surgery or retinal detachment) or
death before discharge from the hospital, and death before discharge. The definitions of
BPD and ROP for this study were based on those used in the GDB; they were similar but
not identical to those used for the primary outcome of SUPPORT, i.e., physiological
definition of BPD defined as the receipt of more than 30% supplemental oxygen at 36
weeks or the need for positive-pressure support or, in the case of infants requiring less
than 30% oxygen, the need for any supplemental oxygen at 36 weeks after an attempt at
withdrawal of oxygen; and severe ROP defined by threshold retinopathy, ophthalmologic
surgery, or the use of bevacizumab treatment, with examination continued until
SUPPORT outcome was reached or resolution occurred.'”

Tertiary outcomes included practice variables such as use of surfactant, ventilation and
CPAP, treatment of patent ductus arteriosus (PDA) and feeding practice, and the
following outcome variables (including potential confounders): BPD, severe ROP and
other ROP outcomes, death within 12 hours or by 36 weeks PMA, DR outcome, Apgar
scores, temperature within 60 minutes of birth, pneumothorax, pulmonary hemorrhage,
sepsis, intraventricular hemorrhage, oxygen supplementation, PDA, feeding and weight
related variables, proven necrotizing enterocolitis (stage II or greater, modified Bell’s

classification)’ and length of hospital stay among survivors.
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“ Statistical 5halxsis
Variables of interest were compared by study group using chi-square tests for categorical
variables, Wilcoxon tests for Apgar scores and skewed continuous variables, and Student
t-tests for all other continuous variables. Robust Poisson regression models were used for
dichotomous outcomes to obtain adjusted relative risks (RR) and 95% confidence
intervals (CI). General linear models were used for continuous outcomes, to obtain
differences in means and 95% CI. All models included pre-specified prenatal covariates
(based on the literature) shown to affect outcomes in very preterm infants (GA, antenatal
corticosteroids, gender, singleton vs. multiple, birth weight by 100 g increment)® as well
as additional covariates that were significantly different by study group (p < 0.10) in the
unadjusted tests, and that preceded the outcome. The models for the primary outcome and
all secondary outcomes, with the exception of BPD, included additional variables that
preceded birth (race/ethnicity, cesarean section, rupture of membranes > 24 hours,
maternal hypertension, maternal diabetes and NRN center), but not postnatal variables to
which some infants may not have been exposed before the outcome took place. The
model for BPD contained these same additional variables as well as intubation in the DR,
surfactant, FiO2 at 24 hours, PDA ligation, PDA indomethacin treatment, and late onset
sepsis.”'® Since we did not adjust p value for multiple comparisons, all secondary and
tertiary analyses should be considered as exploratory.
A Spearman correlation was used to assess whether the change in proportion of delivery
room intubations from the first period (pre-SUPPORT) to the second period (post-
SUPPORT) was higher in centers with higher proportion of intubation during the first

period.
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Results

A total of 6,601 infants 24”7 to 27*7weeks GA were bom during the study periods and
included in the GDB: 2,998 in 2003-2004 and 3,603 in 2010-2012 (Figure 1). Of these,
1,999 infants were excluded because they were born in NRN centers that did not
participate in the NRN for the full duration of the study; and an additional 361 were
excluded because they were outborn. Of the remaining infants, 176 infants with known
malformations, 123 infants who had respiratory or medical support withdrawn prior to
death < 12 hours, and 93 infants whose inclusion/exclusion information was missing in
the GDB were ¢xcluded, leaving a total study population of 3,849 infants: 1,617 infants
in the pre-SUPPORT group and 2,232 infants in the post-SUPPORT group.

The baseline maternal and neonatal characteristics of both groups are shown in Table 1.
There was more antenatal steroid use (89.6% vs. 82.8%, p<0.0001), maternal
hypertension (27.4% vs. 19.9%, p<0.0001), maternal diabetes (5.4% vs. 2.6%,
p<0.0001), cesarean section delivery (66.3% vs. 62.1%, p=0.0078), and less prolonged
rupture of membranes (24.1% vs. 27.5%, p=0.017) in the post-SUPPORT group, and
race/ethnic distribution was different from the pre-SUPPORT group.

For the primary outcome, unadjusted comparison showed a significant decrease in the
proportion of DR ETI in the post-SUPPORT cohort (Table 2). The adjusted risk of DR
ETI (adjusted RR 0.88, 95% CI 0.85-0.91) significantly decreased after publication of
SUPPORT.

For secondary outcomes, unadjusted comparison showed a significant decrease in the
proportion of death or BPD, death or ROP, and death in the post-SUPPORT group (Table

2). The adjusted risk of BPD/death (adjusted RR 0.94, 95% CI 0.89-0.99), severe

10
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ROP/death (adjusted RR 0.31, 95% C10.73-0.89), and death before discharge (adjusted
RR 0.86, 95% CI0.76-0.98) significantly decreased after publication of SUPPORT. The
adjusted risk of severe ROP (adjusted RR 0.63, 95% CI 0.52-0.77) and of death or
mechanical ventilation at day of life seven (adjusted RR 0.90, 95% CI 0.84-0.97) were
significantly lower in the post-SUPPORT group (Table 2). In contrast, the risk of BPD
(adjusted RR 1.04, 95% CI 0.97-1.1) and of death at 36 weeks (adjusted RR 0.88, 95% CI
0.76-1.00) were not significantly different between groups. The average number of
ventilator days among survivors decreased by 4.7 days (95% CI 3.2, 6.1) after
SUPPORT.

Unadjusted comparisons of tertiary outcome variables are shown in the appendix. Several
differences were observed between the two periods.

Figure 2 shows the proportion of infants intubated in the DR during the first and second
study periods in all centers in the study. The correlation between the proportion of
intubations in the DR during the first period and the change in proportion of intubations
in the DR from the first to the second period was not significant (Spearman correlation

coefficient -0.44, p=0.18).

Discussion:

Infants 24”7 to 26%7 weeks GA bomn after publication of SUPPORT in the 11 centers
participating in the trial had a lower proportion of DR ETI and risk of BPD or death, and
ROP or death compared to those infants born before the initiation of the SUPPORT.
Severe ROP and death or mechanical ventilation at day of life 7 were significantly

decreased in the group of infants in the post-SUPPORT group. These findings contrast

1
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with previous published reports from the NICHD NRN, which failed to show any
improvement in survival without major neonatal morbidity beiween 1995-96 and 1997-
2002,'® and between 2003 and 2007." They are consistent with a recent review of deaths
among extremely low birthweight infants enrolled in the GDB which showed a decrease
in mortality between 2000-2003 and 2008-2011.% These findings suggest that the results
of SUPPORT trial influenced both clinical practice and patient outcomes at NRN study
sites. These findings also support the significant impact that the results of a randomized
controlled trial have on clinical practice management and patient outcomes in centers that
participate in the trial.

The strengths of this study include a large sample size, the use of a prospective database
which limits incomplete/missing data and information bias, and the use of multivariate
analysis to take into account differences in confounding variables between the two
periods. In contrast with participation in other neonatal networks such as the Vermont
Oxford Network, the Pediatrix Network and the California Perinatal Quality Care
Collaborative, NRN participation requires eligible centers to submit an application to the
NICHD every 5 years; at each cycle some centers leave the NRN and other centers are
added. We elected to limit this study to centers that remained in the NICHD NRN during
the two cohorts because of large inter-institutional differences observed in previous NRN
studies; this allowed us to analyze center-specific changes after SUPPORT as well as
changes in the entire sample. However, results from this study may not reflect those that
could have been obtained had we assessed the entire NRN population because all the
exclusions resulted in analyzing only a limited proportion of patients born in the NRN.

Other limitations of this study include the observational design, which introduces

12
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confounding variables and bias and prevents any cause-effect intcrl.:;rétation.," éﬁd the
before/after study design, which could introduce changes in patient population, and
secular trends. Definitions used in this study for BPD and ROP were those included in
GDB during the entire duration of the study period; they differed from those used in
SUPPORT. In this study we compared data before SUPPORT with data after SUPPORT
and thus were unable to analyze whether the decrease in proportion of ETI already started
during SUPPORT or occurred after its publication. The proportion of ETI at Parkland
Memorial Hospital decreased in non-enrolled patients during SUPPORT and before its
publication,”’ more than ina comparable contemporaneous cohort in the Vermont Oxford
Neonatal Network. Since the current study includes several outcome variables, it is likely
that some differences reached a p value < 0.05 just by chance; thus p values are presented
for informational purposes. These analyses should be considered as exploratory.
Furthermore, the large sample size led to the finding of many smtisﬁcal differences, some
of which are unlikely to have clinical significance (e.g., race/ethnicity). It is possible that
additional unknown biases or confounding variables, such as changes in personnel, could
have affected the results. The GDB did not include information on the rationale used for
various practices used for each patient in each center. We had hypothesized that the
change in the proportion in ETI after SUPPORT would be greater in centers with high
baseline ETI proportion; although the correlation did not reach significance, this may
have resulted from the limited number of centers included in this study. Some centers
may have changed practice guidelines and providers may have changed their practice
based on SUPPORT. Since oxygen saturation was not prospectively collected before and

after SUPPORT, it is impossible to determine whether changes in severe ROP and
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cﬁénges in mortality after SUPPORT reported in the presént studymare reiéted to changes
in median or ranges of oxygen saturation. Center-specific practice guidelines and
individual practice may have changed based on other studies, e.g., studies on antenatal
steroids,? treatment and prophylaxis of PDA,*** synchronized nasal intermittent
positive-pressure ventilation,*® prevention of central line-associated bloodstream

2728 or nutrition.”® DR practices, including oxygen exposure and

infections,
thermoregulation, may have changed based on new resuscitation literature and on the
revised 2010 national resuscitation program of the American Academy of Pediatrics and
American Heart Association.’® Several processes of care such. as prophylaxis of
nosocomial infection or approach to diagnosis and treatment of PDA may have changed
based on results of other studies. This study did not address how generalizable the study
results might be to centers that did not participate in SUPPORT. It is possible that centers

participating in SUPPORT might have been more likely to accept the validity of evidence

generated by their own investigators and patients than other centers might be.

Conclusion

After adjustment for baseline variables, the proportion of DR ETI , ROP/death,
BPD/death, and death before discharge for preterm neonates 24%7-27%" weeks' GA born
at Network Centers was lower following the publication of SUPPORT trial compared to a
period before SUPPORT. The adjusted risk of severe ROP and of death or mechanical
ventilation at day seven of life also was significantly lower. In contrast, the risk of death
at 36 weeks PMA and of BPD did not change significantly. The average number of

ventilator days among survivors was lower after SUPPORT.

14

4-02099

02099




This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

Since this is an .o.li:;s"er.vational study, it is hﬁpossible to determine the rela-tl:\;é .contribution
of the results of SUPPORT trial and other studies on changes in clinical practice and
patient outcomes at NRN study sites. However, our findings support the potential impact
that the results of a randomized controlled trial may have on clinical practice

management and patient outcomes.
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Preliminary data were presented as a poster. Levan J, Brion LP, Wrage LA, on behalf of
the NICHD NRN. Changes in therapy and outcomes associated with the SUPPORT Trial.
Poster presentation at the Pediatric Academy Society Meeting, Washington DC, May 5,

2013. E-PAS2013:2924.474
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Figure Legends
Figure 1. Flow diagram

Figure 2. Percent delivery room intubations by pre/post SUPPORT period for the

eleven Neonatal Research Network Centers included in this study
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Table 1. Maternal and Neonatal Characteristics'

Characteristic Pre-SUPPORT Post-SUPPORT | p-value’
N=1617 N=2232

Birth weight {grams) 825 (191} 818 (194) 0.32
GA (weeks) 25.7(1.1) 25.7(1.1) 0.93
Male 858 (53.1) 1126(50.5) 0.11
Race/ethnicity:

Non Hispanic Black 727 (45.0) 965/2192 (44.0) 0.02

Non Hispanic White 603 (37.3) 808/2192 (36.9)

Hispanic 241 (14.9) 314/2192(14.3)

Other 46 (2.8) 105/2192 (4.8)
Antenatal Steroids: any type 1338/1616 (82.8) 1994/2225 (89.6) <0001
Antenatal Steroids: betamethasone 953/1614(59.1) 1980/2229(88.8) <0001
Multiple birth 370 (22.9) 540/2228 (24.2) 0.33
Mode of delivery: cesarean section 1004 (62.1) 1476/2228 (66.3) 0.008
Prolonged rupture of membranes: (> 24 hours) 436/1586 (27.5) 52042161 (24.1) 0.017
Maternal hypettension 322 (19.9) 610/2230 (27.4) <0.0001
Maternal diabetes 42 (2.6} 12072231 (5.8 <0.0001
Matemal Antibiotics 1198/1615 (74.2) 1618/2228 (72.6) 0.28

Abbreviation: GA, gestational age

! presented as mean (SD) for continuous variables, and n (%) for categorikcal variables.

*The p-values shown are from Stydent i-tests for continuous variables and chi-square tests for categorical variables.
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Table 2. Primary and Secondary Qutcomes’

Outcome Pre-SUPPORT Post- p- Difference in adjusted RR® | Adjusted

N=1617 SUPPORT value? Means® 05% LD p value*
N=2232 (3% €1

Intubated in delivery 1313 (81.2) 1539 (69.0) <(.0001 0.88 (0.85-0.91) | <0.0001

room (primary

outcome)

BPD or death at 36 970 (60.0) 1199/2213 0.0003 - 0.94 (0.89.0.99) 0.02

weeks {54.2)

Severe ROP or death | 515/1581 {32.6) | 559/2165 (25.8) | <0.0001 - 0.81 (0.73-0.89) [ <0.0001

Death before 358/1614 (22.2) | 393/2196 (17.9) | 0.001 . 0.86 (0.76-0.98) 0.02

discharge

Bronchopulmonary | 664/1311 (50.7) | 855/1869 (45.8) | 0.0064 - 1.04 (0.97-1.1) 0.26

dysplasia

Severe ROP 174/1294 (13.5) | 181/1873(9.7y | 0.0009 - 0.63 (0.52-0.77) [ <0.0001

Death by 36 weeks 306 (18.9) 344/2222 (15.5) | 0.0050 - 0.88 (0.76-1.00) 0.06

Death or mechanical | 741/1613 (45.9) | 875/2211 (39.6) | <0.0001 - 0.90 (0.84-0.97) | 0.0033

ventilation on day 7

Days on ventilator 22.3(244),13 | 17.8(21.3),9.0 | <0.0001 | 4.7 (-6.1,-3.2) <0.0001

{survivors)

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval; NRN, Neonatal Research Network; PDA, patent

ductus arteriosus; ROP, retinopathy of prematurity; RR, relative risk

! presented as mean (SD), median for days on ventilator and n (%) for categorical variables.

® unadjusted p-values from Chi Square tests, or Wilcoxon tests, as appropriate

* adjusted RRs (Post vs. Pre SUPPORT) from robust Poisson models taking into account GA, birth weight (by 100 g increment),

antenatal corticosteroids, gender, singleton vs. multiple, race/ethnicity, cesarean section, rupture of membranes > 24 hours,

matemal hypertension, maternal diabetes, and NRN center. The model for BPD contained these same additional variables as well

as intubation in the DR, surfactant, FiO2 at 24 hours, PDA ligation, PDA indomethacin treatment, and late onset sepsis,

4 adjusted p-values from robust Poisson models (categorical variables) or general linear models {continuous vanable).
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Appendix. Tertiary Outcomes’

Qutcome Pre-SUPPORT Post-SUPPORT p-value’
N=1617 N=2232

Delivery room oxygen 1604 (99.2) 2167(97.1) <0.0001

Delivery room bag & mask ventilation 1352 /1616 (83.7) 1742/2231 {78.1) <0.0001

Delivery room chest compressions 123 (7.6) 173 (7.8) (.87

Delivery room administration of 89 (5.5) 84 (3.8) 0.0101

medication’

Apgar score, 1 min., median (IQR) 4 (2-6) 4 (2-6) <0.0001
| Apgar score, | min,, <3, /N (%) 454/1612 (28.2) 842/2224 {(37.9} <0.0001
| Apgar score, 5 min., median (IQR) 7 {(6-8) 7 (5-8) 0.0007

Apgar score, 5 min., <3, n/N (%) 94/1613 (5.8) 187/2226 (8.4) 0.0025

Temperature within 60 min of birth 35.7(1.1) 36.5 (0.8) <0.0001

Surfactant 1427 (88.3) 1846/2222 (83.1) =(.0001

Death < 12 hours 14 (0.9) 29(1.3) 0.20

Fractional inspiratory oxygen 0.34 (0.19),0.26 0.31 (0.15),0.25 .0010

concentration at 24 hours

Fractional inspiratory oxygen 82/1574 (5.2} 57/2163 (2.6) <(.0001

concentration >0.90 at 24 hours

Pneumothorax 135/1604 (8.4) 12172204 (5.5) 0.0004

Pulmonary hemorrhage 181/1603 (11.3) 150/2204 (6.8) <0.0001

Postnatal Steroids 195/1599 (12.2) 268/2155(12.4) 0.82

Days on supplemental oxygen (survivors) i 59.2 (36) 56.6 (37.5) 0.06

Days on continuous positive airway 16.5(14.3), 13 E8.8 (15.8), 16 0.0005

ressure (survivors) *

ROP: Stage 3 or worse 238/1295 (18.4) 251/1875 (13.4) 0.0001

ROP: Plus disease 172/1280(13.4) 149/1875 (8.0) <().0001

ROP: Intervention 172/1288 (13.4) 171/1873 (9.1) 0.0002

PDA 795/1604 (49.6) 98442203 (44.7) 0.0028

PDA, indomethacin 587/1604 (36.6) 473/2203 (21.5) =(.0001

PDA, indomethacin or ibuprofen 587/1604 (36.6) 603/2203 (27.4) <0.0001

PDA ligation 226/1604 (14.1) 186/2203 (8.4) <(.0001

Severe intraventricular hemorrhage 288/1555 (18.5) 300/2147 (14.0) 0.0002

Early onset sepsis 38/1604 (2.4) 41/2194 (1.9) 0.29

Late onset sepsis 623/1533 (40.6) 503/2120 (23.7) <0.0001

First day full feeds 27.2(17.1), 22 24 (14.3), 20 <0.0001

Proven necrotizing enterocolitis 177 (11.0) 209 (9.5) 0.13

Weight at 36 weeks PMA, (grams) 2031 (432) 2134 (399) <0.0001

Weight at discharge (grams) 2857 (848), 2630 3104 (886), 2963 <0.0001

Length of hospital stay (days) (survivors) 84.4 (51.5), 83 90.3 (52), 90 <0.0001

Abbreviation: IQR, interquartile range; PDA, patent ductus arteriosus; PMA, postmenstrual age; ROP, retinopathy of prematurity
! presented as mean (SD), median for days on ventilator, continuous positive airway pressure, fractional inspiratory oxygen
conceniration at 24 hours, days of life at which fult feeds were achieved, weight at discharge, and length of hospital stay; median
(interquartile range) for Apgar scores; mean {SD) for alt other continuous variables, and n (%) for categorical variables.
*unadjusted p-values from Chi Square tests, Student t-tests, or Wilcoxon tests, as appropriate

* The definition of medications administered in the delivery room was limited to epinephrine for the secend period,

survivors to discharge or 120 days, whichever came first, max is 120 days.
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n=6601
Pre-SUPPORT
n=2998

Post-SUPPORT
n=3603

Born in centers that did not stay in the NRN during the
entire period between 2003 and 2012: n=1999
Outborn: n=361

Known malformations: n=176

Respiratory or medical support withdrawn prior to death
<12 hours: n=123

Missing inclusion/exclusion information: n=93

k 4

n=3849
Pre-SUPPORT
n=1617

Post-SUPPORT
n=2232
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e WHAT THIS STUDY APBS: Participation in a trial may affect

WHAT'S KNOWN ON THIS SUBJECT: Participating in a triat may
affect processes of care by participating physicians; however, no
study has assessed whether it affects processes of care for
nonenrolled patients.

processes of care for nonenrolled patients, even when care

providers participating in or familiar with the trial protocol are
unaware that data on nonenrolled patients are heing collected for
a study. /

OBJEETIVE: Parkland Memarial Hospital (PMH) participated in Sur- g«
factant, Positive Pressure, and Oxygenation Randomized Trial (SUP-
PORT), an unblinded controiled trial, in which preterm neconates of
24%7 10 27%7 weeks' gestational age (BA) were randomized in the
delivery room (DR} to endotracheal intubation or nasal continuous
positive airway pressure. We hypothesized that DR intubation could
change in nonenrolled patients at PMH and that the change would be
larger than in comparable centers not participating in the trial.

METHGDS: The PMH Cohort included eligible but nonenrolled negnates
of 24%7 to 27%7 weeks (primary) and noneligible neanates of 28 to
3457 weeks (confirmatory). A subset (24%7-29%"weeks) of that cohart
was compared with a contemporaneous cohort born in centers par-
ticipating in the Vermont Oxfard Network (VON). We used a Poissen
regression model to obtain adjusted relative risks (RRs) of DR in-
tubation (during/after SUPPORT versus before SUPPORT) for PMH
and for VON along with the ratio of these RRs.

RESULTS: In the PMH cohort (n = 3527), the proportion of DR in-
tubation decreased during/after SUPPORT in the lower GA group
(adjusted RR 0.76, 95% confidence interval [Cl] 0.59—0.96} and the
upper GA group (adjusted RR 0.57, 95% C1 0.46-0.70). Compared
with the RR for DR intubation in VON, the RR at PMH was smaller in
the lower (ratio of RR 0.78, 85% CI 0.65-0.87) and the upper GA group
(ratio of RR 0.52, 95% CI 0.39-0.68}.

CONCGLUSJIONS: A center’s participation in an unblinded randomized
trial may affect process of care of nonenrolled patients. Pediatrics g:s
2013,132:1-1
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Qutcomes in control patients enrolledin
randomized controlled trials {RCTs)
may be better than contemporaneous,
eligible but nonenrolled patients.!2
Differences in outcomes between en-
relled and nonenrolled patients could
be a trial effect or a spurious associa-
tion due to bias.' Andersen et al
showed that conducting a seeding trial
(company-driven trial to entice doctars
to prescribe a new drug being mar-
keted by the company) changed some
processes of care among participating
physicians compared with non-
participating  physicians: however,
processes of care for nonenrolled
patients were not assessed.34

The objective of the current studywasto
evaluate whether a process of care of
contemporaneous nonenrolled
patients can change during and after
recruitment to an unblinded random-
ized trial, when care providers par-
ticipating in or familiar with the trial
protocol are unaware that data on
nonenrolled patients are being col-
lected for a study. We hypothesized (1)
that participation of Parkland Memarial
Hospital (PMH) in the Surfactant, Posi-
tive Pressure, and Oxygenation Ran-
domized Trial (SUPPORT), an unblinded
RCT comparing processes of care, could
be assaciated with a reduction in the
proportion of delivery room (DR} in-
tubation in nonenrolled patients, and
(2) that the local practice change would
be larger than in comparable ¢enters
not participating in SUPPORT.

METHODS
Setting

The Eunice Kennedy Shriver National
Institute of Child Health and Human
Development Neonatal Research Net-
work (NRN) SUPPORT trial was a multi-
center randomized 2 X 2 factorial trial
in which preterm neonates of 24%7 to
275 weeks' gestational age (GA) were
randomized at birth to 2 interventiong:

2 LEVAN &t al

_ CHDFOIAReguest@mail.nih.gov for assistance.

(1) continuous paositive airway pres-
sure (CPAP) initiated in the DR and
subsequent use of a protocol-driven
limited ventilation strategy or DR in-
tubation with surfactant administra-
tion, and (2) oxygen saturation targets
of 85%to 89% or 91%t0 95%.58 The first

intervention  (CPAP  versus DR
intubation/surfactant} was unblinded,
and its primary outcome was death or
bronchopulmonary dysplasia at 36
weeks’ postmenstrual age.5 PMH par-
ticipated in SUPPORT froem Juiy 2005
until February 2009

Data were compiled from 3 prospective
databases, including detailed in-
formation about DR and NICU man-
agement with predetermined entry
criteria and definitions: the Neonatal DR
Resuscitation Registry (started in
1989), the MICU database (started in
1877}, and SUPPDRT registry. At PMH, all
neonates <X35 weeks' GA by obstetrical
assessment are admitted to the NICU
and included in the Resuscitation Reg-
istry and in the NICU database (unless
triaged to the newborn nursery if pe-
diatric assessment is >34 weeks’ GA
and the infant is otherwise well). These
databases provide information on
99.8% of eligible neonates, with high
interrater reliability {<1% error);
most missing data points correspond
to infants triaged to the newborn
nursery {=8%).

Data for an analysis cohort were ab-
stracted by using a before—after study
design during 3 consecutive epochs:
(1) up to 30 months before SUPPORT
initiation, (2) during SUPPORT partici-
pation, and (3) up to 15 months after
trial completion, To account for secular
trends in DR intubation, a subset of the
PMH cohort was compared with a con-
temporaneous control population in
the Vermont Oxford Network (VON},
a voluntary collaboration of more than
800 NICUs around the world. The VON
includes de-identified data by calendar
year on infants with birth weight (BW)
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of 501 to 1500 g. This study was ap-
proved by the University of Texas
Southwestern Medical GCenter In-
stitutional Review Board.

Participants

The PMH cohort included neonates 24%7
to 34*"weeks’ GA born at PMH before
SUPPORT (January 2003—June 2005),
during SUPPORT (Jufy 2005—February
2009), and after SUPPORT (March
2009—June 2010) until SUPPORT publi-
cation S8 The study included (1) neo-
nates 24%7 10 27%7 weeks’ GAwho were
eligible for SUPPORT but not enrolled
{lower GA group}, and (2} noneligible
neonates of 28%7 to 34%" weeks' GA
(upper GA group). The latter was used
as a positive control for the lower GA
group, in whom selection hias {due to
exclusion of patients enrclled into
SUPPORT) was possible.”® Exclusion
criteria were comfort care ar major
congenital anomalies known at birth,
fack of patient record in the DR Re-
suscitation Registry or the NICU data-
base, and enrollment in SUPPORT.

Asubset ofthe PMH cohort, including all
neonates 24”7 to 20%7 weeks’ GA born
in 2003 to 2004 {hefore SUPPORT} and
2006 to 2009 (during/after SUPPORT},
was compared with inborn contempo-
rangous neonates born in level llth or
lic North American centers partici-
pating in VON. The subset included (1}
neonates 24”7 to 27%7 weeks' GA
(lower GA group), and {2) neonates of
28%" to 29%7 weeks' GA (upper GA
group). We excluded centers partici-
pating in SUPPORT or in the VON De-
livery Room Management Trial? and
neonates who received comfort care in
the DR (death without endotracheal
intubation), or had severe congenital
anomalies. This GA range was selected
because infants in this GA range are
included in the 501 to 1500 g BW range
of VON. PMH was not a member of VON
during the study period.
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Comparisons of interest

FidH Cohort

The primary analysis was the adjusted
relative risk (RR) of DR intubation
during/after SUPPORT versus before
SUPPORT in the fower GA group. The
adjusted RR in the upper GA group was
confirmatory and used as a positive
contral.

Univariate analyses in each GA group
evaluated DR treatment {endotracheal
intubation, positive pressure ventila-
tion, GPAP), intubation (withinthe first 4
hours after admission to the NICU or
during the first 24 hours of age), sur-
factant administration, pneumothorax,
mortality to discharge from the hospi-
tal, chronic lung disease {chronic
changes on chest radiograph and
supplemental oxygen requirement for
at {east 28 days), duration of mechan-
ical ventilation, patent ductus arterio-
sus, necrotizing enteracolitis (stage Il
or greater, modified Bell classifica-
tion},'¢ severe intraventricular hemor-
rhage (Papile grade Wl or )M
periventricular leukomalacia, and se-
vere retinppathy of prematurity (grade
3 or higher, international classifica-
tion).12

Cornparison With VON

The primary analysis was the com-
parison of RR (adjusted for haseline
variablesy of DR intubation (during/
after SUPPORT versus before SUP-
PORT) inthe subset of the PMH cohortin
the lower GA group with the RR of DR
intubation inthe contemporaneous VON
cohort.

The secondary analyses were (1) the
adjusted ratio of RRs for DR intubation
in the upper GA group and {2} the ad-
justed ratio of RRs for any invasive
{endotracheal tube or tracheostomy)
ventilation,

PEDIATRICS Volume 132, Number 4, Qcteher 2013

Siatistical Analysis: PMH Cohort

Multivarigte Analvses

in each GA group, the adjusted RRs for
DR intubation during/after SUPPORT
versus hefore SUPPORTwere calculated
using robust Poisson regression in
a generalized estimating equation
maodel adjusted for covariates that met
the P < 05 criterion (backward se-
lection). Candidate variables selected
for modeling were characteristics
preceding the decision of DR intubation
and shown previcusly to associate with
DR intubation.'*27 To avoid collinearity
with GA, BW was converted to BW =~
score.?® The adjusted risk difference
{RD) and number needed to treat (NNT)
were obtained from the adjusted RR
and the proportion of DR intubation
before SUPPORT. The Altman in-
teraction test?¥ was used to determine
if the adjusted RRs for DR intubation
were different between GA groups.

Univarigle Analyses

Univariate analyses were performed by
using x° tests or Fisher's exact tests for
categorical variables, and Students ¢
tests or analyses of variance followed
by Tukey test, or Kruskal-Wallis test
followed by Mann-Whitney test for
continuous variables. We analyzed
temporal patterns of DR intubation to
determine how soon after initiating
SUPPORT the proportion of DR in-
tubation changed from baseline; we
selected blocks of 15 to 16 months to
limit fluctuation due to sample size,

Statistical analyses were performed by
using SPSS version 19 {IBM SPSS Sta-
tistics, IBM Corporation, Armonk, NY}
and SAS version 9.2 (SAS Institute, Cary,
NC). Statistical significance {24ailed)
was determined based on P < 05, ex-
cept for multiple pairwise non-
parametric comparisens, for which we
used the Banferroni adjustment.

The time interval for data ahstraction
was set 1o ascertain a sufficient number
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of registered patients in the PMH cohort
to detect changesin DRintubation inthe
lower GA subgroup using multivariate
analysis. Given the ascertainment of
data on 200 DR intubations, the analysis
set was sufficient to conduct a multi-
variate analysis with up to 20 in-
dependent covariates tested as main
effects, with a 2-sided & of 0.05. The
duration of the study was set to recruit
enough patients to detect changes in
DR intubation in the lower GA group by
univariate analysis. The effect size was
selected as a 33% RR reduction in DR
intubation, a conservative estimate
compared with the 47% RR reduction in
DR intubation in a center in which
routine DR bubble CPAP was pro-
spectively introduced in 20002t A
sample of 97 patients before SUPPORT
and during/after SUPPORT yielded 80%
power to detect a reduction in DR in-
tubation from 60% to 40% with a 2-
sided & of 0.05.

Comparison With VON

A Poisson regression model with robust
variance was used for each GA group to
obtain adjusted RRs (during/after
SUPPORT versus before SUPPORT) for
PMH and VON along with the ratio of
their RRs3° Covariates in the model
were infants’ GA, gender, BW, zscore,
and antenatal steroids. Location (PMH
and VON) and epoch (before and
during/after SUPPORT) were repre-
sented by a 4-level categorical variable
in the model, with the appropriate lin-
ear contrasts constructed to obtain
estimates of RRs and their ratio.

RESULTS
PMH Cohort

At PMH, a total of 3821 individual patient
database records were reviewed, of
which 3533 were eligible and 3527
(99.8%) had records in the 3 PMH
databases (Fig 1). The analysis cohort
comprised 3527 records. In the lower
GA group, the percentage of multiple
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births was lower after SUPPORT

{Table 1). In the upper GA group, expo-

sure to antenatal steroids was more
frequent after SUPPORT, maternal di-
abetes was more frequent during
SUPPORT, and BW was greater during/
after 3UPPORT. other differences were
clinically insignificant (Table 2).

During SUPPORT, patients in the lower
GA group included in the current study
had a greater GA than contemporane-
ous patients enrolled in SUPPORT (ex-
cluded from the current study), were
less likely to have been exposed to
antenatal steroids, and were maore
likely to receive pasitive pressure ven-
tilatien in the DR {(Appendix).

Multivariate Analysis

Among 3527 neonates, 649 (18%) were
intubated in the DR. The proportion of
DR intubation significantly decreased
during/after SUPPORT versus before
SUPPCRT, in the lower GA group (ad-
justed RR 0.76, 95% confidence interval
[C] 0.59-0.96, P= .02} and in the upper
GA group {adjusted RR 0.57, 95% CI
0.46-0.70, P <C 001} {Tables 3 and 4).In
the lower GA group, the proportion of
DR intubation decreased from 85%
before SUPPORT to 61% during/after
SUPPORT (Table 5) (adjusted RD 0.27,
95% C10.03-0.34; NNT 5, 95% Ct 3-33}.In
the upper GA group, the proportion
decreased from 19% to 10% (Table 6)
{adjusted RD 0.08, 95% Gl 0.06-0.10;
NNT 12, 85% CI 10—18). The decrease in
DR intubation was not significantly
different in the upper GA group com-
pared with the lower GA group (ad-
Jjusted ratio of RR 0.75, 95% Gl 0.54—
1.03}.

Univariate Analyses

Inthe fower GA group, administration of
DR positive pressure ventilation de-
creased during/after SUPPORT (P= .01}
and that of CPAP increased (P << .001)
(Table 5). Not surprisingly, the pro-
portion of intubation in the NICU within
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3821 Infams 24—

34 *7 weeks born

between /2003 and 6/2010

| 35331

nfants I

b 4

Excluded Infants

1 Qutborn

73 SUPPORT Trial
52 Comfort Care
162 Congenital Anomalies

& Missing Records in one
Database

3527 Included in the Analysis

|

369 Infants 24—27 *7 weeks
included in analysis

l

3158 Infarits 28~ 34 7 weeks
included in analysis

(Lower GA Group) {Upper GA group}
| , } } . !
Epoch 1 Epoch 2 Epoch 3 Epoch 1 Epoch 2 Epoch 3
Before During After Before During Afier
SUPFORT SUPPORT SUPPORT SUPPORT SUPPORT SUPPORT
n =161 n=132 n=76 n=952 n = 1657 n =549
FIGURE

Flow diagram at PMH.

TABLE 1 Baseline Characteristics in Neonates Born at PMH Between March 2003 and June 2010:

Lower GA Group: 24%7 1o 27 %7 Weeks' Gestation

Characteristic® Before SUPPORT,  Ouring SUPPORT,  After SUPPORT, P Value
n=161 n=132 n=7g
GA, wk, mean (50) 25.8 (1.0 289 {11 258 (1.1 42
BW, g, mean (5D} 858 (236} 908 (238) 874 {290} X
Size for age, n (%} 52
Small for GA 18 (12 14 {11} 10 {13}
Large for GA 19 {12) 25 {19) 12 (16}
Female, 7 (%} 74 (46) 61 {46) 36 (47) 98
Multiple hirth, 7 (%) M@ 18 (1) afmne il
Antenatal steroids, r (%) 81 (500 52 (3% 38 (50 14
Abruptio placentae, n (%) 6 () 11 (8 4 (3) 25
Piacenta previa, n {%) 312) 1101 34 25
Maternal diahetes metlitus, n (%) 6 (4) 10 {8) g a1
Gestational hypertension or 25 (16) 28 (21) 18 (25) 19
preeclampsia, A (%}
Clinic attendance, # (%} 145 (90} 113 (86} 67 {88) A0

&

plete data were

for patients n the tower GA group and for GA. Pvalues on the last column on the right are

based on analyses of variagnee or x’ analyus (Fisher’s exact tests where needed). Subsequent pairwise comparisons were
performed using x° tests, Fisher's exact tests, or Tukey tests, with significance determined using P <2 025 and P values
indicated as * # < 025, Pairwise comparisons were performed between during SUPPORT and before SUPPORT and between

after SUPPORT and before SUPPRT,

4 hours after admission increased over
time (P = 03); however, intubation
within 24 hours of life decreased

4-02121

during/after SUPPORT (P = .002). The
proportion of surfactant administra-
tion decreased during SUPPORT (P <

02121
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TABLE 2 Baseline Characteristics in Neonates Born at PMH Between March 2003 and June 2010:
Upper GA Group: 28%7 to 34%7 Weeks' Gestation

Characteristic® Before SUPPQRT, During SUPPORT,  After SUPPORT, P Value
fi=952 7= 1657 fim 549
GA, wk, mean (3I) 32108 322 {18) 324 (1.8 002
BW, £, mean (SD) 1824 {468) 1904 (486)* 1932 {4721 << 01
Size for age, n (%) .04
Small for GA 101 {11) 139 (9 49 {9)
Large for GA 103 (1) 239 (15) 64 (12)
Fernale, n (%) 422 (46) 716 (44 247 (46) 64
Multiple birth, 2 (%) 182 (19) 333 20 122 22y 35
Use of antenatal steroids, n (%} 260 {27) 430 (26} 204 (37 <001
Abruptio placentae, n (%) 230 41¢2) 1142 a2
Placenta previa, n (%} 18 (2) 3342 14 (3) 66
Maternal diahetes mellitus, n (%) 88 (9 218 {13)* 1 {13 0
Gestaticnal hypertension or 264 {28) 511 (30 168 (31} 23
preeclampsia, # (%)
Glinic attendance, 7 (%) 852 {30 1330 (921 211 (93 0z

* In the upper GA group, 95% of data were available; we used the total number available a3 denormunator. P values on the last
column on the right are based on analyses of vamance or ¥° analysis fFisher’s exact tests where needed). Subsequent
parwise comparisons were performed by vsing f tests, Fisher's exact tests. or Tukey tests, with significance determined
using P < 025 and P values indicated as * £ <2 025, or * P <7 001. Parwise comparisons were performed between during
SUPPORT and before SUPPORT and between after SUPPORT and before SUPPORT.

TABLE 5 Multivariate Analysis 1o Assess Variables Related to DR Intubation in Preterm Infants
Born Between March 2003 and June 2010 at PMH: Lower GA Group: 24”7 to 27%7 Weeks'
Gestation, 1 = 362

Variable Adjusted RR* P ¥Yalue
During/after SUPPORT versus before SUPPORT® 0.76, 95% C1 0.59-0.96 02
Positive pressure ventilation in the DR 3.61, 95% C) 2.02-8.45 <001

For each eategorical variable, the reference group1s factor not present; for SUPPORT the reference group is before SUPPORT
Candwdate explanatory variables found not o be significant predictors i tal steroid administration, gender.
multiple preg general thesia provided to the mother at delivery, ang cord pH,

* Adjusted RR estimates are derived based on Poisson regression using a generalized estimating equation model.

" Primary analysis.

TABLE 4 Multivariate Analysis to Assess Variables Related to DR Intubation in Preterm Infants
Born Between March 2003 and June 2010 at PMH: Upper GA Group: 28%7 10 34%7 weeks’
Gestation, n = 2742

Variable Adjusted RR® P ¥Yalue
During/after SUPPORT versus hefore SUPPORT® 0.57, 95% Ci 0.46-0.70 <00
Positive pressure ventilation in the DR 6.29, 95% 0l 4.73-8.37 <001
GA {per wk) 0.74, 95% 01 0.70-0.78 <0
Gestational hypertension or preeclampsia 0.72, 95% €1 0.56-0.92 009
Z score of BW for BA and gender 091, 95% Gl 0.83—1.00 046

Foreach categorical variabie, the reference group is factor not present; for SUPPORT, the reference group is before SUPPORT.
Candliclate explanatory variables found not to be significant predictors include fal steroid ad tration, gender,
multiple pregnancy, general anesthesia provided e the mother at delivery, and-cord pH,

& Adjuzted RR estimates are derived based on Poisson regression using a generalized estimating equation model.

b Confirmatory analysis (positive controls),

001). The proportion of pneumo-
thoraces increased after SUPPORT (P =
03). Most pneumothoraces occurred
in neonates who were intubated in the
DR.

Inthe upper GA group, administration of
DR positive pressure ventilation de-
creased during/after SUPPORT (P =

PEDIATRICS Volume 132, Number 4, Dctober 2013

.002) (Table 6). The proportion of in-
tubation within 24 hours of life de-
creased during/after SUPPORT (P <<
.001}. The proportion of surfactant ad-
ministration decreased during SUP-
PORT (P << 025).

Most of the other outcomes except
retinopathy of prematurity did not

4-02122
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change during or after SUPPORT. The
percentage of DR intubation did not
change during baseline in either GA
group {Fig 2). Inthe lower GA group, the
proportion of DR intubation decreased
within 15 months of SUPPORT, whereas
in the upper GA group, it did not sig-
nificantly change until later.

Comparison Between PMH and VON

We compared data from 576 neonates
born at PMH with data from 85118
contemporaneous neonates born in 1
of 396 North American VON centers
(Table 7).

fnthe lower GA group, the proportion of
DR intubation decreased from before
SUPPORT to during/after SUPPORT at
PMH (82% vs 60%; adjusted RR 0.74, 95%
Gl 1.64-0.86) and in VON (85% vs 84%;
adjusted RR 0.98, 95% C10.98-0.99). The
decrease was greater at PMH than in
VON (adjusted ratio of RR 0.76, 95% Gl
0.65-0.87). The proportion of overall
ventilator support did not change sig-
nificantly from before to during/after
SUPPORT in the PMH cohort but
changed significantly in the VON data.
The change over time was not signifi-
cantly different between PMH and VON.

Inthe upper GA group, the proportion of
DR intubation decreased from before
SUPPORT to during/after SUPPORT both
at PMH and in VON. The decrease was
greater at PMH than in VON (adjusted
ratio of RR 0.52, 85% C! 0.39-0.68). The
proportion of overall ventilator sup-
port did not change significantly from
before 1o during/after SUPPORT in the
PMH cohort but changed significantly
in VON. The change over time was not
significantly different between PMH
and VON,

DISCUSSION

In the current study, a change in care
process (proportion of DR intubation)
was observed in eligible but non-
enrolled patients and in noneligible
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T&BLE 5 Unadjusted Comparisons in Neonates Born at PMH Between March 2003 and June 2010;
Lower GA Group: 24°7 to 277 Weeks' Gestation

Care Process or Outgome Variable® Before SUPPORT, During SUPPORT, After SUPPORT, PValus

n=1581 n=132 n=76
Intubation in the DR, n (%} 136 (89} 81 (1 46 (B1)* <001
Positive pressure ventilation in the DR, n (%} 140 (91} 106 (80)* 60 (7O 01
GPAP in DR, r (%) 48 (31} ¥4 (35~ 43 (B3 <00
{ntubation in the NICU within the 74" 14 (1) 10413 03
first 4 h after admission to
the unit, 7 {%)
Intubation during the first 24 h 141 {88) 95 {720 56 (75 o2
of life, i (%)
Surfactant, n (%) 121 {79} 78 (59 50 (86) 001
Pneumothorax, n {%) 11(7) 13 (10 14 (8 L]
Death hefore discharge, i {%) 43 27) 34(26) 18 {24) 81
Chromic lung disease, #n (%) 83 (52) 61 {48) 43 {07) 34
Total no. days intubated (endotracheal 10 (2-23) 5{1-14) 11 {2-29) 05
tube or tracheostomy) (p = 338);
median tquartiles)®
Patent ductus arteriosus, n (%) 77 (48 61 (46} 33N 78
Nacrotizing enterocolitis, stage =2, n (%) i4 9 10 (8} 5N 91
Intraventricular hemorrhage, grade 23 (16} 20 (19} 18 (24) 25
Jord, n (%
Periventricular leukomalacia, n (%) am 75 5N 92
Retinopathy of prematurity, stage 30 (19) 12 (9) 14 {18) 04
=3, n (%)

Pralues in the last column on the right are based on xz analysis (Fisher's exact tests where neaded) or Krushal-Wallig teats.
Subsequent pairwise comparisons were performed by using xztesis, Fisher's exact tests, or Tukey tests, with significance
determined by using # < 025, and £ values indicated ag * P << 025, or ** P < 001 Pairwise comparisons were performed
betwazen during SUPPORT and before SUPPORT and between after SUFPORT and hefore SUPPORT.

s Complete data were available for patients inthe-lowerGA-group-and-for-GA,

& Two patients, initially intubated in the DR, were intubated agam within 4 h after admission in the KICY after a trial on GPAP.
* Krugkal-¥allis tests.

TABLE & Unadjusted Gomparisons in Neonates Born at PMH Between March 2003 and June 2010:
Upper GA Group: 28%7 to 34 ¥7 Weeks' Gestation

Before SUPPORT,  During SUPPORT,

Care Process or Qutcome Variable® After SUPPORT, P

=952 = 1697 fr= 549 Value
Intubation in the DR, n {%) 177 (10 162 {100 47 (9 <001
Posgitive pressure ventilation inthe DR, (%) 332 (36 513 430 150 (28} 002
CPAP in the DR, n (%) 314 (34) 588 (36) 194 (36) 74

Intubation ir the NICU within the first 4 b 43 (3} B2 (3 28 (5 84
after admission to the unit, i (%)

Intubation during the first 24 h of life, n (%) 220 {23) 242 (150 75 (141 =<.001
Surfactant, n (%} 105 {11) 131 (8)* 50 (9} 01
Preumothorax, 1 {%) 29 (3) 40 (2 12 () 51
Death before discharge, i (%) 17 12) 19(n 8 A
Chronic lung disease, A (%) 31 (3) 40 (2 16 (3) 44
Total no. days intubated (endotracheal 1{1=-3) 10— 1 (1-6) 097
tube or tracheostomy} (n = 694}
median {quartiles)”
Patent ductus arteriosus, n (%) 88 (7 106 (6} 23 ) 07
Necrotizing enterocolitis, stage =2, n (%) 17 (2 23 (1} 123 42
Intraventricular hemarrhage, 308 7 (0.4} 5{09) 22
grade 3 or 4, n {%)
Periventricular leukomalacia, 5 (%) 3403 13 (0.8} 40N 323
Retinopathy of prematurity, 3 (0.3 0 (0 305 008

stage =3, n (%)

Pyalues in the iast column on the right are based on ,\} analysis (Fishers exact tests where nesded) or Krughkal-Wallis tests.
Subsequent parwise comparisons were performed by using y* tests, Fisher's exact tests, or Tukey tests, with significance
determmed by using P < 02§, and Pvalugs indicated as* £ < 029, or ™ P< 0. Pairwise comparisons were performed
between durng SUPPORT and before SUPPORT and hetween after SUPPORT and before SUPPDRT

8 (- the Lppee GA geoup. 5% of data were availahle, we used the total number available as denomingtor.

® Kruskal-Wallis tests.
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more mature patients soon after SUP-
PORT initiation and persisted through
16 months of posttrial evaluation. This
change in practice at PMH was much
larger than in other comparable cen-
ters that did not participate in any trial
involving random allocation to OR in-
tubation, suggesting that the trial par-
ticipation itself influenced clinical
practice well beyond the study partic-
ipants.

PMH is a high-volume delivery unit with
12 000 to 15 000 deliveries per year. At
PMH, the decision whether to intubate
is made by resuscitation teams of
practitioners who are trained in the
neonatal  resuscitation  program.
Teams for neonates with GA of 30 to 35
weeks include a nurse, a respiratory
therapist, and a neanatal nurse prac-
titioner or a senior pediatric resident.
Teams for lower GA neonates also in-
clude a neonatal-perinatal fellow. Ad-
ditional personnel are available for
backup. The same teams provided care
to all neonates, whether enrolled into
SUPPORT or not. PMH did not have
a policy about DR endotracheal in-
tubation; decisions are left to team
leaders according to national guide-
lines for neonatal resuscitation. At PMH
before SUPPORT, most preterm neo-
nates <28 weeks' GAwere intubated in
the DRB. PMH did net participate in the
HRN Feasibility Trial,* which preceded
SUPPORT. At PMH, the only evident
change in DR management was initia-
tion of a resuscitation rotation for fel-
lows in neonatal-perinatal medicing in
2005. The Neonatal Resuscitation Pro-
gram mentioned the use of CPAP in the
DR for preterm neonates in 2006, and
included CPAP in the resuscitation al-
gorithm in 20105132, however, immedi-
ate application of GPAP in the DR at PMH
was not recommended for all preterm
neonates <32 weeks until May 1, 2011.

The strengths of the current study in-
clude®3 large sample size; pro-
spective validated databases thereby
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FIGURE 2

Analysis of temporal patterns in DR intubation rates by GA group at PMH. This analysis was performed
using consecutive 15 to 16-month blocks. A, Lower GA group (24™7-27%7 weeks’ @A infants): The
percentages of DR intubation were not significantly different between blocks before SUPPORT {P= 37}
therefore, the overall percentage hefore SUPPORT was used as baseline for further comparisons. The
percentage of DR intubations decreased after starting recruitment into the SUPPORT (P < 001). This
change already occurred within the first 15 months of recruitment inta SUPPORT, *Indicates significant
{with Bonferroni adjustment, P <0 0125) pairwise difference from baseline before starting the
SUPPORT. B, Upper GA group (28%°-34%" weeks’ GA infants). The pergentage of DR intubations was not
significantly different between the 2 blocks before SUPPORT (P=.10); therefore, the overall percentage
before SUPPORT was used as baseline for further comparisons. The percentage of DR infubations
decreased after starting recruitment into SUPPORT {# < .0D1); however, this change started to reach
significance only after 15 months of recruitment into SUPPORT. *Indicates significant {with Banferroni
adjustment, £ << 0125} pairwise difference from baseline before starting SUPPORT.

minimizing missing data, information
bias, and loss to follow-up; stratified
analysis yielding internal controls
{upper GA group); and multivariate
comparison with contemporaneous
external controls (comparable VON

PEDIATRICS Volume 132, Murnber 4, October 2013

centers not participating in DR trials)
with a similar baseline proportion of
DR intubation. Secular trends are un-
likely to explain the primary results
because DR intubation at PMH de-
creased much more than in other

4-02124

comparable centers. It is unlikely that
the current study affected the pro-
portion of DR intubaticn because when
the first data were obtained and pre-
sented at a national meeting, the
change in practice had already taken
place. We did not observe a regression
to the mean but instead a sustained
reduction in DR intubation at PMH
during/after SUPPORT. A differential
Hawthorne effect was ruled out be-
cause praviders were not aware of an
observational study of eligible, non-
enrolled patients during SUPPORT 78
This study was limited to a single in-
stitution rather than all NRN centers
participating in SUPPORT because the
generic database of the NRN in¢ludes
only the most immature infants;
patients in the upper GA group were
important in this study as positive
controls who were not eligible for
SUPPORT and thus not subjected to
selection bias. Selection bias at PMH in
the lower GA group during SUPPORT is
unlikely to explain the observed de-
crease in DR intubation in nonenrolled
patients, because respiratory distress
is associated with lower exposure 1o
antenatal stereids?® and more fre-
quent DR positive pressure ventilation
(Appendix} would be expected to in-
crease, rather than decrease, DR in-
tubation. The lower percentage of
antenatal steroids among nonenrolled
patients could have resulted because
of many reasans, including not enough
time before delivery” Rich and col-
leagues’ study showed that a signifi- o7
cantly larger proportion of eligible
infants whose mothers were not
approached for consent to SUPPORT
had no prenatal steroid exposure, The
frequency of antenatal corticosteroid
administration at PMH is low because
preeclampsia and diabetes are con-
sidered contraindications.3® Multivari-
ate analyses showed that the RR of DR
intubation decreased at PMH and de-
creased more at PMH than in VON, even
taking inte account antenatal
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TABLE 7 Adjusted RR Estimates in Preterm Infants Born With GA 24 to 29%7 Weeks at PMH and in Cumparable North Amencan {enters in the VON
Before SUPPDRT {2003-2004} and During/After SUPPORT (2008-2003)

Gare Process GA Group, wk  Location Before SUPPORT During/After SUPPORT  Adjusted RR* During/after Ratio of RRs P Value
Versus Before PiH Yersus
SUPPORT (95% CI) VON {95% CI)
Intubated in DR 24%7 &7 PhH 105/128 (82%) 99/184 (0%} 0.745 (0.644-0.861 0.757 (0.654-0.875) ooz
YON 11728/13726 (85.4%) 29 715/35 447 (83.8%) 0.984 (0.976-0.992)
= 49055
28%7_og%7 PMH 51/86 (59%) 57/198 (29.0%) 0.495 (0.375-0652) 0,516 (0.391-0681) <0001
VON 5427/10008 (54.2%) 13 457/25528 (51.9%) 0.959 {0.530-0.97%
n= 35851
Received any 24970797 PMH 119/128 (93.0%) 144/184 (88.0%) 0.852 (0.886-1.023} 0.965 (0.896-1.037) 33
invasive ventilation YON 13158113727 (85.9%) 33 46/35 453 (94.4%) 0.986 (0.982-0.991)
1 =49 058
28%7.0g%7 PMH 63/86 (73.0%) 134/198 (68.0%) 0.839 (0.804-1.095} 0988 (0.346-1.154 88
VON 7599/10 008 (75.9%) 18 B69/25 830 (72.0%) 0.950 (0.937-0.962)

7t = 39 855

*RR estimates are adjusted for infants' GA, gender, zscore for BW (computed within GA and gender), and exposure to antenatal corticosteroids by using robust Poisson regression generalizad

ting equation models. L

eshimates were computed based on the appropriate linear contrast of model parameters,

corticosteroid administration. We were
unable to analyze bronchopulmonary
Syiplasia, or other elements of care
process examined in SUPPORT (ie, tar-
geted ventilation strategy and oxygen
saturation}, which were not included in
the PMH databases. In addition, target
oxygen saturation values of 88% to
94%, a PMH NIGU policy since May
20025 was used for nonenrolled
patients. Because the study used
databases, it was not possible to per-
form a propensity match, or a cluster
analysis of DR team members or in-
dividual providers and to obtain their
rationale for deciding whether to in-
tubate the trachea, It is possible that
the change in DR intubation was re-
lated to increased availability of Tpiece
devices for DR resuscitation, or to
training and experience with these
devices and DR CPAP.

CONCLUSIONS

A change in process of care was ob-
served in nonenrolled patients during/
after recruitment to an unblinded RCT,
in the absence of changes in standard
care, initiation of a protocoi, or pre-
viously described trial effect. This
suggests that care for patients who are
not enrolled in RCTs should routinely be

8 LEVAN et al

monitored and audited to identify
changes in practice that may either be
beneficial or detrimental without the
evidence from a compieted trial. Fur-
ther studies are needed to investigate
the determinants of changes in in-
dividual decisions about care process
{eg, aobservations of shortterm out-
comes versus experience with novel
processes of care). A trial design in
which centers are randomized to par-
ticipation in RCTs could further analyze
the impact of changes in care process
associated with unbfinded RCTs.
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APPENDIX Baseline Characteristics of Infants 24 to 27 57 Weeks' Geslatmn Born at PMH Durmg
-~ - 8SUPPORT {uly 2005-February 2009} - R

1 Characteristic SUPPORT, i = 73, Excluded  NONSUPPORT, 5 = 132, Included P Valug
From the Gurrent Study in the Current Study
GA, wk, mean (S0} 8300 259 (1.0) <001
BW g mean {30 878 (189} 807 {238) 37
Size for age, n (%) 03
Small for GA 11} 14 {10
Large for GA 18 {26) 2809
Female, i (%) 28 (40 61 (46} 23
Multiple birth, r (%} 12 (18} 19 (14} 89
Use of antenatal steroids, it (%) 49 (67) 52 (39 <001
Abruptio placentae, r (%) 3 18 39
Placenta previa, 7 (%) 11 101} 1.00
katernal diabetes, n (3%} B {2) 10 {8 1.00
Gestational hypertension 15 {21) 28 {21) 1.0Q
or preeclampsia, 11 4%)
Clinic attendance, r (%) 63 (86} 113 (86} 1.0¢
Positive pressure ventilation 42 (58) 106 (80} 001

]
. in the OR, n (%}
i Significance based on Fisher’s exact tests or Student’s ¢ tests,
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Date: Wednasday, December 04, 2013 8:26:21 AM

i will work to get it cleared out of the system. thanks—c

From: Archer, Stephanie (NIH/NICHD} [E]
Sent: Wednesday, December 04, 2013 7:59 AM

To: Rowe, Mona (NIH/NICHD) [E]

Cc: Higgins, Rosemary (NIH/NICHD) [E]; Stile, Christina (NIH/NICHD) [E]

Subject: RE: Clearance | Ambalavanan, Association of PaC02 with outcomes in the SUPPORT

Thanks, Mona. | have this sentence in my template now for all NRN papers. Whether it appears in
the print versions once published is somewhat up to the editors, but | can try to check for it when |
see proofs {which doesn’t always happen).

How do we get this out of the anline Clearance System? it is still listed in my queue as “PICB Admin
Triage.” Does Cathy need to clear it again or is this for someone else?

Stephanie

Stephanie Wilson Archer

The Eunice Kennedy Shriver National Institute of Child Health and Human Development
Pregnancy & Perinatology Branch

6100 Executive Boulevard, Room 4B03

Rockvitle, MD 20852

Tel. 301-496-0430
Fax 301-496-3730

herst@mail.nit

From: Rowe, Mona (NIH/NICHD) [£]

Sent: Tuesday, December 03, 2013 4:14 PM
To: Archer, Stephanie (NIH/NICHD) [E]

Cc: Higgins, Rosemary (NIH/NICHDY) [E); Stile, Christina {NIH/NICHD) [E]

Subject: RE; Clearance | Ambalavanan, Association of PaC02 with outcomes in the SUPPORT

H! Stephanie and Rose — this came through Track 1 —so we do not see it up here through the system
—only trackZs make it to me automatically through the clearance system. There are no clinical
treatment findings that suggest something one way or another so | don’t really see al(b)(5)

(b)(5)

However, the sentence that Stephanie shared earlier may bel(b)(5) |

. “While NICHD staff did have input into the study design, conduct, analysis, and manuscript drafting,
the comments and views of the authors do not necessarily represent the views of the NICHD.” 1t may
be good practice to |(b)(5) |
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(b)(3)

Thoughts?

Mona

Mona Jatfe Rowe, M.C.D.

Assaciate Director [or Science Policy,
Analysis and Communication

Funice Kennedy Shriver Mational Institute of
Child Health and Human Development

MNational Institutes of Health, DHHS

Building 31, Rm 2A-18

31 Cenrer Drive

Bethesda, MD 20892.2425

Phone: 301.496.1877/Fax: 301.496.0588

Email: rowemn@mail nib.gov

From: Archer, Stephanie (NIH/NICHD) [E]
Sent: Tuesday, December 03, 2013 11:03 AM
To: Rowe, Mona (NIH/NICHD) [E]

Cc: Higgins, Rosemary (NIH/NICHD) [E]
Subject: Clearance | Ambalavanan, Association of PaC02 with outcomes in the SUPPORT

Hi Mona,

Can you tell us what the status is for NICHD Clearance on Namazivayam Ambalavan’s SUPPORT
paper, “Association of PaC0O2 with outcomes in the Surfactant, Positive Prassure, and Oxygenation
Randomized Trial (SUPPORT)”? It was submitted back in September; he is ready to send it to the
journai now.

Thank you,

Stephanie

Stephanie Wilson Archer

The Eunice Kennedy Shriver National Institute of Child Health and Human Developrment
Pregnancy & Perinatology Branch

6100 Executive Boulevard, Room 4803

Rockville, MD 20852

Tel. 301-496-0430
Fax 301-496-3790
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From: Namasivayam Ambalavanan [mailto:NAmbalavanan@peds.uab.edu]

Sent: Tuesday, December 03, 2013 10:56 AM

To: Archer, Stephanie (NIH/NICHD) [E]

Subject: RE: Acknowlecdlgement Agreements | Ambalavanan, Association of PaCO2 with otutcomes in the
SUPPORT

Hi Stephanie,

Did this manuscript go through NICHD clearance already? It has been through the publication
subcommittee. If not, | will send a revised version for clearance,

Ambal

From: Namasivayam Ambalavanan

Sent: Friday, August 30, 2013 2:30 PM

To: Archer, Stephanie (NIH/NICHD) [E]

Cc: Namasivayam Ambalavanan; Wally Carlo, M.D.

Subject: RE: Acknowiedgement Agreements | Ambalavanan, Assodation of PaC0O2 with outcomes in the
SUPPORT

Hi Stephanie,

There were only a few minor comments on the previous draft. 1 think we can now send it to the
Publication subcommittee for review. Would you be able to forward it to them (maybe next
Tuesday, as it is already late on Friday before a long weekend)?

Thanks,

Ambal

Namasivayam Ambalavanan MD

Division of Neonatology,

Professor, Departments of Pediatrics, Molecular and Cellular Pathology, and Cell, Devetopmental, and
Integrative Biology

Neonatal-Perinatal Medicine Fellowship Training Program Director
University of Alabama at Birmingham

Mailing Address:

176F Suite 9380, Women and Infants Center

619 South 15th Street

Birmingham, AL 35249-7335

Tel Office (205) 934 4680 Lab (205) 934 0751 or 996 5419

Fax Office (205) 934-3100 Lab (205) 996 2333

Email ambal@@uab.edy

From: Archer, Stephanie (NIH!NICHD) [E] [md&mhmﬂ@mdmgw]

Sent: Friday, August 09, 2013 3:16 PM

To: Abbot Laptook (aiapmﬂk@JMHRLQ:g), Abhik Das (adas@rti.org); Barbara Stoll

{barhara. stoll@oz.ped.emory.edu); Brenda Poindexter (hpoindex@iupui.edu); Ed Bell (edward-
beli@uiowa.edu); Ed Donovan (edward.donovan@cchme.org); Ivan Frantz ([Frantz@tufts-nemc.org);
Kathleen Kennedy (Kathleen.A Kennedy@uth.tmc.edu); Krisa P. Van Meurs (vanmeurs@stanford.edu);
Kristi Watterberg (kwatterberg@salud.unm.edu); Kurt Schibler (kurt,schibler@cehme,org); Michele C.
Walsh (mcw3@cwru.edu); Pablo Sanchez (Pablo.Sanchez@UTSouthwestern.edu); Richard Ehrenkranz
(richard.ehrenkranz@vale.edu); Roger G. Faix (roger.faix@hsc.utah.edu); Ron Goldberg
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(goldb008@mc.duke.edy); Seetha Shankaran (sshankar@med.wayne.edu); Wally Caro, M.D.; Av
Fanaroff (aaf2@cwru.edu); Chades Bauer (cbauet@,pgds.medJna_ngdu), Dale L. Phelps
(dale_phelps@urme.rochester.edu); Michael O’ Shea (moshea@wfubme,edu); Neil Finer
{pfiner@ucsd.edu), Shahnaz Duara (sduara@miami.edu); Athina Pappas (apappas@ %
Betty Vohr (bvohr@wihri.org); Carolyn Petrie Huiterna (petrie@rti.org); Dee Wilson (b)(6) %Ezéfﬁm);
Diane Marshall {(diane marshall@med.unc.edy); Elisabeth McGowan ( ) Gary
Myers {gary_myers@URMC.Rochester.edu}; Hallam Hurt (hurt@email.chop.edu); Howard Kilbride
(hkilbride@cmh.edu); Ira Adams-Chapman (jadamsc@emory.edy); Isabell Purdy
(ipurdy@mednet.uda.edu); Jamie Newman (newman@rti.org); Janell Fuller (JaFuller@salud, unm.edu);
Jenna Gabrio (jgabrio@rti.org); Keith Yeates (Keith. Yeates@nationwidechildrens.org); Kim Yolton
(Kimberly. Yolton@cchmc.org); Kristin Zaterka-Baxter (kzaterka@rti.org); Marsha Gerdes
{(gerdes@email.chop.edu); Meg Cunningham (mcunningham@rti.org); Myriam Peralta, M.D.; Patricia
Evans (Patricia,W.Evans@uth.tmc.edu); Rachelle Tyler (rtyler@mednet.uda.edu); Ricki Goldstein
(@0lds005@mc. duke,edu); Roy Heyne (Roy,Heyne@utsouthwestem edu); Soraya Abbasi
(sorava.abbasi@uphs.upenn.edu); Susan Hintz (srhintz@stanford.edu); Tarah Colaizy (farah-
colaizy@uiowa.edu); Yvonne Vaucher (yvaucher@ucsd.edu)
Cc: Namasivayam Ambalavanan
Subject: Acknowledgement Agreements | Ambalavanan, Association of PaC02 with outcomes in the

SUPPORT

Ambal is planning on submitting his paper, “Association of PaC0O2 with outcomes in the Surfactant,
Pasitive Pressure, and Oxygenation Randomized Trial (SUPPORT)” to Pediatrics.

This journal is now requiring that the corresponding author “certify that all persons named in the
acknowledgment section have provided me with written permission to be named.” We have
gathered blanket agreements from most people on the boilerplate in the past; however, we still
need agreements from those highlighted in yellow in the attached boilerplate, These do NOT need
to have a signature on them if the person can email their agreement to me.

NOTE: Since many of the highlighted names are for FU examiners, | have copied the FU Pls here for
their assistance.

Please send an Acknowledgement Agreement {form attached) for each person to me at

archerst@mail.nih.gov by Friday, August 23"9.

If we do not have a person’s agreement by the time we receive proofs, we wiil delete that person
from the acknowledgements,

Thank you,

Stephanie Archer

Stephanie Wilson Archer

The Eunice Kennedy Shriver National Institute of Child Health and Human Development
Pregnancy & Perinatology Branch

6100 Executive Boulevard, Room 4B03

Rockville, MD 20852

Tel. 301-496-0430
Fax 301-456-3790
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herst@mailnit
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From: Higgins, Roserary {NIH/NICHD) [E}

To: Archer, Stephanie (NIH/NICHD) (E]

Subject: RE: Acknowledgernent Agreements | Ambalavanan, Assodiation of PaCO2 with cutcomes in the SUPPORT
Date: Tuesday, December 03, 2013 10:58:40 AM

Send her an email
Thanks
Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Bivd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@maiLni

Frony: Archer, Stephanie (NIH/NICHD) [E]

Sent: Tuesday, December 03, 2013 10:58 AM

To: Higgins, Rosemary (NIH/NICHD) [E]

Subject: FW: Acknowledgement Agreements | Ambalavanan, Association of PaCO2 with outcomes in the
SUPPORT

Did you hear hack from Mona about this? Or should | call her?

Stephanie Wilson Archer

The Eunice Kennedy Shriver National Institute of Child Health and Human Development
Pregnancy & Perinatology Branch

6100 Executive Boulevard, Room 4R03

Rockville, MD 20852

Tel. 301-486-0430
Fax 301-496-3750

herst@mailn

From: Namasivayam Ambalavanan [mailto:NAmbalavanan@peds.uab.edu)

Sent: Tuesday, Dacember 03, 2013 10:56 AM

To: Archer, Stephanie (NIH;‘NICHD) [E]

Subject: RE: Acknowledgement Agreements | Ambalavanan, Assodation of PaC02 with outcomes in the
SUPPORT

Hi Stephanie,
Did this manuscript go through NICHD clearance already? It has been through the publication
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subcommittee. If not, | will send a revised version for clearance.
Ambal

From: Namasivayam Ambalavanan

Sent: Friday, August 30, 2013 2:30 PM

To: Archer, Stephanie (NIH/NICHD) [E]

Cc: Namasivayam Ambalavanan; Wally Carlo, M.D.
Subject: RE: Acknowledgement Agreements | Ambalavanan, Association of PaC02 with cutcomes in the
SUPPORT

Hi Stephanie,

There were only a few minor comments on the previous draft. | think we can now send it to the
Publication subcommittee for review. Would you be able to forward it to them (maybe next
Tuesday, as it is already late on Friday before a long weekend)?

Thanks,

Ambal

Namasivayam Ambalavanan MD

Division of Neonatclogy,

Professor, Departments of Pediatrics, Molecular and Cellular Pathology, and Cell, Developmental, and
Integrative Biology

Neonatal-Perinatal Medicine Fellowship Training Program Director
University of Alabama at Birmingham

Mailing Address:

176F Suite 9380, Women and Infants Center

619 South 19th Street

Birmingham, AL 35249-7335

Tel Office (205) 934 4680 Lab (205) 934 0751 or 996 5419

Fax Office (205) 934-3100 Lab (205) 996 2333

Email ambak@uab edu

From: Archer, Stephanie (NIH/NICHD) [E] {mailto:archerst@mail.nih.gov]

Sent: Friday, August 09, 2013 3:16 PM

To: Abbot Laptook (alaptook@WIHRLorg); Abhik Das (adas@rti.org); Barbara Stoll

(barbara stoll@oz ped.emory.edu); Brenda Poindexter (bpoindex@iupui.edu); Ed Bell (edward-
bell@uiowa.edu); Ed Donovan {edward.donovan@cchmc.org); Ivan Frantz (IFrantz@tyufts-neme.org);
Kathleen Kennedy (Kathleen.A.Kennedy@uth.tmc.edu); Krisa P. Van Meurs (vanmeurs@stanford.edu);
Kristi Watterberg (kwatterberg@salyd.unm.edu); Kurt Schibler (kurt.schibler@cchme.org); Michele C.
Walsh (mow3@cwru.edu); Pablo Sanchez (Pablo,Sanchez@UTSouthwestern.edu); Richard Ehrenkranz
(richard.ehrenkranz@vale.edu); Roger G. Faix {roger.faix@hsc.utah,edu); Ron Goldberg
(goldb008@mc.duke.edu); Seetha Shankaran (sshankar@med.wayne.edu); Wally Carlo, M.D.; Av
Fanaroff (aaf2@cwru.edu); Charles Bauer (chauer@peds.med.miami.edu); Dale L. Phelps
(dale_phelps@urmec.rochester.edu); Michael O' Shea (moshea@wfubme,edu); Neil Finer
{nfiner@ucsd.edu); Shahnaz Duara (sduara@miami.edu); Athina Pappas (apappas@med. wayne.edu);
Betty Vohr (bvohr@wihri,org); Carolyn Petrie Huitema (petrie@rti.org); Dee Wilson (dtfjcmd@aQLng
Diane Marshall (diane_marshall@med.unc.edu); Elisabeth McGowan (EMcGowan@tufts-nemc.org);
Myers (gary_myers@URMC. Rochester,edu); Hallam Hurt (hut@email.chop.edu); Howard Kilbride
(hkilbride@cmh.edu); Ira Adams-Chapman (jadamsc@emory.edu); Isabeli Purdy
{ipurdy@mednet.uda.edy); Jamie Newman (newman@ri.org); Janell Fuller (JaFuller@salud.unm.edu);
Jenna Gabrio (jgabrio@rti.org); Keith Yeates (Keith, Yeates@nationwidechildrens,org); Kim Yolton
(Kimberly. Yolton@cchmc.org); Kristin Zaterka-Baxter (kzaterka@rti.org); Marsha Gerdes
(gerdes@email.chop.edu); Meg Cunningham (mgunningham@rti.org); Myriam Peralta, M.D.; Patricia
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Evans (Patricia,W.Evans@uth.tmc,edy); Rachelle Tyler (ftvler@mednet.ucia.edy); Ricki Goldstein
(golds005@mc,.duke.edu); Roy Heyne (Roy.Heyne@utsouthwestern.edu); Soraya Abbasi
(sorava.abbasi@uphs.upenn.edu); Susan Hintz (sthintz@stanford.edu); Tarah Colaizy (tarah:

colaizy@uiowa.edu); Yvonne Vaucher (yvaucher@ucsd.edu)

Cc: Namasivayam Ambalavanan

Subject: Acknowledgement Agreements | Ambalavanan, Association of PaCO2 with outcomes in the
SUPPORT

Ampbal is planning on submitting his paper, “Association of PaC02 with outcomes in the Surfactant,
Positive Pressure, and Oxygenation Randomized Trial (SUPPORT)” to Pediatrics.

This journal is now requiring that the corresponding author “certify that alf persons named in the
acknowledgment section have provided me with written permission to be named.” We have
gathered blanket agreements from most people on the boilerplate in the past; however, we still
need agreements from those highlighted in yellow in the attached boilerplate. These do NOT need
to have a signature on them if the person can email their agreement to me.

NOTE: Since many of the highlighted names are for FU examiners, | have copied the FU Pls here for
their assistance.

Please send an Acknowledgement Agreement {form attached} for each person to me at

archerst@mail.nih.gay by Friday, August 23",

If we do not have a person’s agreement by the time we receive proofs, we will delete that person
from the acknowledgements.

Thank you,

Stephanie Archer

Stephanie Wilson Archer

The Eunice Kennedy Shriver National Institute of Child Health and Human Development
Pregnancy & Perinatology Branch

6100 Executive Boulevard, Rocom 4B03

Rockville, MD 20852

Tel. 301-496-0430
Fax 301-496-3790

herst@mail.oi
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From: Einer, Neil

To: ; Gantz, Marje

Ce: Higging, Rosemary (RIH/NICHD) [€]
Subject: RE: Hot Topics

Date: Monday, December 02, 2013 11:43:35 PM

These data are very similar
I look forward to your presentation Wally
Neil

Sent: Monday, December 02, 2013 10:30 PM
To: Gantz, Marie

Cc: Rosemary Higgins; Finer, Neil

Subject: Re: Hot Topics

Marie.

[ wanted to present it at hot topics. 1 probably can use the one you already did.
Can you send it to me?

Rose,

I'would need SC approval to present it. Can you request that ?
Wally
Sent from my iPhone

On Dec 2, 2013, at 4:13 PM, "Gantz, Marie" <mgantz/@rti.org> wrote:

Hi all,

Today is my first day back from (b)(6) and | wanted to follow up to see what

needs to be done for the analysis proposed below and what the timeline is. From
graphs | have produced previously, our data look very similar to Figure 1 of the BOOST
Il paper when similar graphing methods are used.

Marie

Marie Gastz, D,
Semior Research Sialistician
BT intermational

gtz @riierg
0459500

From: Wally Carlo, M.D. [mailto:WCarlo@peds.uab.edis]
Sent: Monday, October 28, 2013 1:25 PM

4-02138 02138




This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

To: Rosemary Higgins; Finer, Neil; Gantz, Marie
Subject: FW: Hot Topics

Hi Rose, Neil, and Marie:

One of the concerns of how we reported O2 sat distribution in SUPPORT is that we
used median sat per baby rather than % of time at each oxygen saturation,

Enclosed is the BOQST It paper. See how they reported their 02 sat data on Figure 1.
Can we get our analysis done that way for Hot Tepics? Ben thinks we could compare
better Q2 separation that way.

Wally

Wally Carlo, 8.D.
Edwin M. Dixon Professor of Pediatrics
University of Alabama at Birmingham
Director, Division of Neonatology
Director, Mewhorn Murseries

1700 6th Avenue South

176F Suite 93808

Birmingham, AL 35233-7335

Phone: 205 934 4680
FAX: 205934 3100
Cell: J(b)(6)

From: Stenson, Ben [mailto:Ben.Stenson@nhslothian.scot.nhs.uk]
Sent: Monday, October 28, 2013 12:19 PM

To: Wally Carlo, M.D.

Subject: RE: Hot Topics

Yes.

From: Wally Carlo, M.D. [mailto;WCarlo@peds.uab.edu]
Sent: 28 October 2013 17:17

To: Stenscn, Ben
Subject: RE: Hot Topics

Hi Ben:

Do you mean to report it as you did in your Fig 1 with average % of time spent by
infants at each saturation?

Wally

Wally Carlo, M.D.

Edwin M, Dixon Professor of Pediatrics
University of Alabama at Birmingham
Directar, Division of Neonatology
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Director, Newborn Nurseries
1700 6th Aveniue South
176F Suite 9380R
Birmingham, Al 35233-733%
Fhone: 205 934 4680
FAX: 205 934 3100
Cell:|(b)(6)

From: Stenson, Ben [mailto: Ben.Stenson@unhslothian.scot.nhs, uk]
Sent: Monday, October 28, 2013 11:59 AM

To: Wally Carlo, M.D,

Subject: RE: Hot Topics

Hi Wally

It appears that there are still important differences of view about the effect of the

different oximeters on saturation. Did you find out whether you would be able to show the
saturation distributions of your Support babies in the same way that was done in BOOST
as well as in the way that you did in the support paper so that there is a comparison that
goes beyond the median sats histograms?

Ben

Aok okkokokokbkokokckkok ok k kg h Rk kR kR k kR d kR bk kckk kR ok ok kR kR kR
The information contained in this message may be confidential or

legally privileged and is intended for the addressee only. If you

have received this message in error or there are any problems

please notify the originator immediately. The unauthorised use,

disclosure, copying or alteration of this message is

strictly forbidden.

FA R R AR Rk kR ok ko Rk ok kR ok Rk ks ok ook kb ok ok ks Rk Rk

B L L L L D g g R g A g g A ST Ll L

The information contained in this message may be confidential or
legally privileged and is intended for the addressee only. If you
have received this message in error or there are any problems
please notify the originator immediately. The unauthorised use,
disclosure, copying or alteration of this message is

strictly forbidden.

Ak oK A oK o ok o ok ol ok ok o ok A R R Ak ok ok Rk ok ok ok ok ok R ok ok sk ok ok o A skok ok o o R A sk ok o koK ok o ok ok ok ok kb
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Blansfield, Earl (NIH/NICHD) [E]

From: Higgins, Rosemary (NIH/NICHD) [E]

Sent: Wednesday, November 27, 2013 3:53 PM
To: Maddox, Yvonne (NIH/NIMHD) [E]; Guttmacher, Alan (NIH/NICHD} [E}; Spong, Catherine

(NIH/NICHD) [E]; Childress, Kerri (NIH/NICHD) [E]

htto://www.cl_inicaltrials.gov(th(showzNCTOI192776?term=hmothermEa+infant&r§nk=41

NCT01192776

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@mail.nih.gov
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Blansfield, Earl (NIH/NICHD) [E]

From: Spong, Catherine (NIH/NICHD) [E]

Sent: Wednesday, November 27, 2013 3:08 PM

To: Maddox, Yvonne (NIH/NIMHD) [E}; Stephan, Kathleen (NIM/NICHD) (E]; Guttmacher,
Alan (NIH/NICHD) [E]

Subject: Rose and Cathy contact phone #s

Rose’s cell|(0)(6) |

Rose’s home|()6) |
Rose’s office 301 435 7909

Cathy's cell()(6) |
Cathy’s home|(0)(6) |
Cathy’s office 301 435 6894

Catherine Y. Spong, MD

Director, Division of Extramural Research

Associate Director for Extramural Research

Eunice Kennedy Shriver National Institute of Child Health and Human Development, NIH
6100 Executive Blvd, Rm 4A05A MSC 7510

Bethesda MD 20892

[Express mail: Rockville MD 20852}

Phone 301 435 6394 (direct}

Fax: 301-480-4520

Email: sponge@mail.nih.gov

1
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From: Higgins, Rosermary (NIH/NICHD) [E]

To: Boghossian, Napsl (NIH/NICHD) [F]
Ce shintz@stanford.edu
Subject: FW: potential SUPPORT proposal

Date: Wednesday, November 27, 2013 10:08:31 AM
Attachments: AbS+later mental health - PLOSOne 2013, pgf

Nansi
You would need to discuss with Dr. Susan Hintz, the study Pl, and partner with an NRN site. | know
that many of the items already have pre-defined secondary analyses and authors selected.

Thanks
Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@mait nit

From: Boghossian, Nansi (NIH/NICHD) [F]

Sent: Wednesday, November 27, 2013 10:05 AM

To: Higgins, Rosemary (NIH/NICHD) [E]
Subject: potential SUPPORT proposal

Dear Rose,

The attached article just came out. The authors showed that prenatal synthetic glucocorticoids were
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Introduction

Cortisol, a naturally occurring glucocorticoid (GC), plays a
vital role in fetal development [1). This hormone exerts a wide
range of effects in most regions of the developing brain,
initiating terminal maturation, remodeling of axons and
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dendrites, and affecting cedl survival [2). However, sustained
elevation or reduction of GC levels can impair these processes,
and thereby permanently modify brain structure and function
[3], suggesting a rofe for GC in fetal programming of mental
health. Fetal exposure to elevated levels of matemal cortisal
has been proposed as one mechanism underlying the reported
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connection between prenatal exposure to maternal stress and
symptoms of attention-deficitthyperactivity disorder (ADHD} in
the offspring [4-6]. ADHD is the most common behaviaral
disorder in young pecple, characterized by inappropriate
inaftention, hyperactivity and impulsivity [7.8]. and is related ta
impairments in all areas of life e.g. social and schaolastic
domains [9].

Animal models provide strong evidence that prenatal
exposure to both elevated endogenous maternal GC and
synthetic glucocorticeids (sGC) alter fetal brain development
and consequently impact upon kehavicr [6.10,11], including
hyperactivity [12] and attention [13]. Howewver, without
experimental evidence in humans the effect cannot be
canfimed. The routing administration of sGC in cases of
threatened pre-term birth offers an opportunity to study whether
prenatal exposure to GC is associated with long-term
pregramming of behavior in humans in a quasi-experimental
manner.

sGC is commonly administered to pregnant women when
pre-term birth is impending to accelerate fetal lung maturation
and thereby reduce the risk of respiratory distress syndrome,
and necnatal mortality [14]. Yet, very liftle is known about the
long-term effects of prenatal sGC treatment on child behavior,
including ADHD symptoms. The few existing studies report
inconsistent findings. Some studies report an association
between repeated prenatal sGC treatment and distractibility,
hyperactivity and aggressive behavior [15], as well as attention
preblems [16] in young children, but others do nat [17-19]
Generalty, studies are limited by short follow-up times (young
children only} and mostly examine the impact of repeated
doses of prenatal sGC. and so little is known about the long-
term impact of lowfinfrequent doses of prenatal sGC exposure
on later child behavior. This is particuiarly important given that
current guidelines recommend that only a singfe course of sGC
should be administered {either 2 doses of 12mg of
betamethascne or 4 doses of 8myg of dexamethasone) because
of concerns regarding potential long-term effects of repeated
sGC treatment [20]. One sludy examined the long-term
association and reported that adukts at age 31 who received a
single course of prenatal sGC did not differ on mental health
outcomes from these in the placebo condition [21]). However.
the placebe group in this study received cortisone acetate with
a 70" of sGC potency. and so the impact of sGC from non-
exposure cannot be completely assessed. Further studies are
thus needed to examine this asseciation,

Besides the potential impact on the fetal brain, prenatal
exposure to sGC treatment in humans has been linked with
reduced birth size [22). Small size at birth. in turn, has been
implicated as a risk factor for child mental health [23]. 1t is
possible that small birth size, which is a marker of suboptimal
infrauterine conditions, may reflect altered brain development
[23]. Prenatal exposure to maternal stress has also been linked
to reduced birth size [24]. with excess maternal GC as a
potential causal mechanism [6]. The placenta, which nommalty
acts as a barrier to regulate fetal exposure to endogenous
maternal GC (inactivating excess cortisal to cortisone) [25].
may play a key role in GC programming [28]. Prenatal
exposure to sGC and maternal stress have aiso been
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associated with altered placental size (27,28], which in turn has
been lJinked with child and adolescent mental health [29].
Changes in placental size can affect fetal nutrient and hormone
supply [30], resulting in altered fetal growth and organ
development, including the brain. Thus, it is passible that the
GC-mental health link is mediated by deviation in either birth
size and/or placental size.

To clarify previous inconsistent findings, we examined data
from a large, longitudinal cohort following children and
adolescents. In studies examining prenatal sGC effects on
child mental health, treatment-selection bias is a main issue,
which we address here. It is essential to disentangle the
polential effect of treatment from the conditions precipitating
treatment. Gur large dataset enabled us to very accurately
match prenatally sGC exposed (cases) and unexposed
(controls) children on baseline characteristics related to sGC
treatment, by means of propensity-score-matching. However,
an imperiant limitation of propensity-score-matching is that,
paricularly in large studies, many unmatched controls are
excluded from analysis. resulting in loss of data which may
reduce the precision of the estimated association between the
treatment and outcome [31]. Thus, we also used the entire
cohort to analyse the data — matching each case to all possible
contrels on  imporlant confounders. The two matching
procedures allowed us firstly to isolate the impact of prenatal
sGC exposure on mental heatth from the confounding effects of
treatment, and secondly. to examine the robustness of the
results. thereby addressing important limitations of previous
research. Further, we investigated whether birthweight and
placental weight mediate the association between prenatal
sGC treatment and offspring mental health to gain insight intg
the potential causal pathway. This is the first study to
investigate the long-term impact of prenatal sGC treatment
{low/infrequent doses) versus no treatment on mental haalth,
particularty ADHD symptoms, in chiidhood {8 years) and again
in adolescence (16 years). We hypothesise that prenatal sGC
treatment will be related to poor mental health outcomes.

Materials and Methods

Participants

The Morthern Finland Birth Cohort {NFBC) 1586 recruited
women in early pregnancy with an expected date of delivery
between July 1, 1985 to June 30, 1986; 939% paricipated.
Prospective data was gathered from pregnancy to child age 16
years. The cohort consists of 8479 births in Oulu and Lapland
provinces. Here, we include N=B954 liveborn singletons with
consent to use their data (exclusions: 226 twins, 6 triplets and
249 without consent).

All pregnant women, literate in Finnish, were consecutively
recruited at their first prenatal health care visit to tax-paid
prenatal heafth services, which offer high-quality standardized
care used by essentially all wormnen in the country [32]. Wamen
provided information via structured self-report guestionnaires.
Antenatal clinical and birth outcome data were obtained from
maternity health centres and hospital medical records
(completed by midwives during pregnancy and at birth), and
abstracted onto study forms. As the original NFBC 1986
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dataset did not include data on prenatal sGC treatment. we
screened for potential sGC cases by performing a systemnatic
chart review (see Figure S1).

The cohort was followed-up at child ages 8 years (n=8106:
51% of original sample) and 16 years (n=6934; 77% of original
sample}, and focused an child health and wellbeing. Follow-
ups were carried out using the national population-based
registries, which identify all residents by unique personal
numbers, to obtain current addresses. Thus, participants could
be traced even cutside the original gecgraphic area.

The ethics committee of Northern Ostrobotnia Hospital
District approved the study, and both parents and adolescents
gave written infermed consent.

Predictor: Prenatal sGC Treatment

In Finland in 1985/86, prenatal sGC treatment was
administered in rare cases (at the discretion of the medical
practitioner) as use of sGC during pregnancy was still
centroversial at the time, which explains the relatively few
number of sGC cases in our study. There was no standard
protocol for sGC treatment in the NFBC 1988 cohert, although
caution was taken as only small and infrequent doses were
administered. Dexamethasone (n=33) or betamethasone {n=4)
- the drugs of choice for threatened pre-term birth, were
administered. At 8 and 16 years, n=37 and n=29 cases
raspectively were available for analysis. Qut of the 37 cases (at
8 years), 13 received a single sGC dose, 23 received 2 doses
and the dose number for 1 case was not recorded, The total
dosage ranged from 10mg to 25mg (the maximum total dosage
equates appreximately to a single course of sGC treatment as
recommended by current guidelines). We obtained data on
sGC treatment, number of sGC doses, total sGC dose and the
interval between prenatal sGC exposure and birth (days), from
medical records.

Fetal exposure to GG is regulated by placental 11B-
hydroxysteroid dehydrogenase type 2 (118-HSD2) — an
enzyme which normally inactivates 50-80% of endogenous
maternal GC [25,33]. but does not extensively metabolize sGC.
Placental 11B-HSD2Z inactivates only about 2% of
dexamethasone and 7% of betamethasone [34] allowing the
majority of sGC to cross the placenta to exert its intended
therapeutic effect on fetal tissues. In contrast, prednisone (n=2)
and hydrecortisone (n=1) have minimal placental transfer and
so are typically administered to treat matemal medical
conditions {e.g. allergic or inflammatory diseases) and were
excluded from the analyses.

Betamethasone and dexamethasone are long-acting
substances (with biological half-lives ranging hetween 36 and
54 hours) [35], so it is unlikely that sGC treatment close to the
time of birth could significantly impact fetal brain development
as there would not be sufficient time for the drug to induce
maximum affect. Thus, we excluded cases who had bean
exposed to sGC =4 days prior birth (n=11).

Potential Mediators: Birthweight and Placental Weight
Birthweight (grams) was measured accurate to =x10g.

immediately after birth by medical personnel. Placentas were

washed with water and then weighed (including membranes
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and umbilical cord, cut approximately 5cm from the necnate) to
the nearest gram within 30 minutes after birth, according to
standard protocols [29].

Qutcome: Child and Adolescent Mental health

Teachers assessed child behavior at the age of 8 years
using the Rutter B2 scale [36], & well-validated screener for
childhood mental health. Each of the 26 items is rated as either
it ‘certainly applies’ {sccred 2), 'applies somewhat' (scored 1)
or ‘does not apply’ (scored 0); yiekding a total score between 0
to 52. The questionnaire generates three sub-scores: neurotic,
antisocial and inattention-hyperactivity. Additionally, we
examined the core ADHD symptoms individually i.e. inattention
and hyperactivity.

Parents reported adolescent behavior at 16 years using the
Strengths and Weaknesses of ADHD symptoms and Narmal
behavior (SWAN) scale [37]. The SWAN consists of 18 items
based on the symptoms of ADHD listed in the DSM-IV {9 items
in the inattention subscale, 5 items in the hyperactive-
impulsivity subscale, and together the 18 items indicate ADHD
combined subtype}. As this scale measures both weaknesses
(scored 3. 2, 1) and strengths (scored -1, -2, -3), along with
average behavior {scored D). it is expected to produce a normal
distribution of behavioral scores. thereby reducing the risk of
over/under identifying ADHD behavior.

Adclescents provided mental health self-reports at 16 years
by completing the Youth Self-Report (YSR) [38] — a widely
used questionnaire, derived from the Child Behavior Check List
(CBCL). for use by 11-18-year-olds. The YSR includes 112
items covering behavioral and emotional problkemns, which are
scored on a three-point scale (‘certainly applies’, 'somewhat
applies’ and ‘'does not apply’. scored 2. 1 and 0. respectively).
The YSR total problem score taps withdrawal, somatic
complaints, anxiety/depression. thought problems, social
problems, attention problems, delinquent behavior and
aggressive behavior.

Confounders

We considered potential confounders related to sGC
treatment and child mental heaith which were available in the
cohort. Socio-demcgraphic factors previously associated with
ADHD symptoms were: sex, maternal age (years), maternal
education (either 211 years of education or <11 years of
education, coded 0 or 1, respectively) and family structure
{either married/co-habiting or single/widowed/divorced, coded 0
or 1. respectively) [39-41]. the latter three factors were
measured at recruitment. Medical factors previously associated
with child mental health or relevant for this study were;
gestational age [42)], total prenatal sGC dose {mg). interval
between prenatal sGC exposure and birth (days), parity
{continuous) [43], pre-pregnancy body mass index (BMi) (pre-
pregnancy weight [kgl / height® [m?]) (continucus) [32), and
smoking during pregnancy (nofyes, coded 041, respectively)
{40]. We obtained data on the main pregnancy complications
related to pre-term birth from hospital records: gestational
hyperension {nofyes), pre-eclampsia (nofves) and placenta
previa (nofyes).
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Statistical Analysis

We used two analytical strategies to analyse the data: (1)
analysis of the propensity-score-matched subsample by linear
multiple regressicn, and (2} analysis of the entire sample by
mixed-effects modeling. All main analyses were performed
using SPSS 20.0, while the power analysis was run using
G "Power 3 [44].

Descriptive Analysis

We carried out descriptive analyses of all covariates
potentially associated with sGC treatment, by means of t-test or
chi-square statistics. Further, we examined whether there were
any significant differences between matched cases and
centrols {within the propensity-score-matched subsample) by
the covariates by means of t-test or chi-square statistics.

We performed aitrition analyses at each follow-up to
determine any differences in  socio-demographics, birth
outcomes and mental health cutcomes between participants
and non-participants.

Matching Procedure

We used two matching procedures. First, we used
propensity-score-matching [45) to match sGC cases and
controfs. The propensity score is the probability of treatment
assignment based on observed baseline covariates, Matching
on the propensity score creates balance, e similarity,
petwean cases and controls on the distribution of baseling
covariates and thus reduces confounding associated with
receipt of treatment. This matching technique mimics the
randomization procedure prior to treatment allocation in a
Randcmized Controlled Trial (RCT). Thus, propensity-score-
matching faciltates estimation of treatment effects using
observational data.

The covariates associated with sGC treatment were included
as predictors in the logistic regression medel used to calculate
the propensity scores. The propensity scores were log
transformed te normalize the distribution of the scores. sGC
cases were maiched to controls on the logit propensity score,
using “nearest neighbour matching” with a caliper width
{matching range) of £ 0.171402 (0.2 SD of the mean logit of the
propensity score) [46]. We capitalized on our large dataset by
matching each sGC case to 5 controls; ratio matching has
heen shown to be advantageous. and the optimum matching is
normally reached with 5 matches to a single case [47). This
resulted in a sample of 222 children at 8 years (sGC cases,
n=37, controls. n=185) and a sample of 174 adolescents at 16
years (sGC cases, n=2%; controls, n=145).

The second matching pracedure took full advantage of the
entire cohort by matching each sGC case, n=37. to all possible
controls, n=6079, on gestational age and sex — confounders
selected based on a priori information. Pre-term birth is a well-
known risk factor for poor mental health cutcomes [42] and is
associated with gestational complications [48]. There is
evidence that male fetuses are more vulnerable to prenatal
insults [48], and are at an increased risk of psychiatric
disturbance in childhood [41.50]. Thus. by matching on these
known risks, we were able to isclate the impact of prenatal
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sGC exposure on mental health from the confounding effects of
pre-term birth and sex.

A “grouping” variable, based on gestational age and sex,
was used to match the cases and controls. There were no sGC
cases born within gestational weeks 41 to 43, therefore the
2229 contrels born within those gestational ages could not be
compared with the cases and consequently excluded from all
subsequent analyses. At 8 years. 6116 children were avaitable
for analysis (sGC cases, n=37, controls, n=6079) and by 16
years of age, 5108 adolescents participated (sGC cases, n=29;
contrals, n=5079). This analytical strategy allowed us to use
the greatest number of possible controls per case, thereby
enhancing the precision of the analysis by maximizing use of
all the available data [51).

Regression Models

We used linear multiple regression to investigate the
assaciation between prenatal sGC treatment and child mental
health, within the propensity-score-matched subsample.
Prenatal sGC treatment was dichotomized; sGC case (coded
1} and sGC control {coded 0. The mental health scores were
cantinuous, We adjusted for all potential confounders as shown
by our descriptive analysis or by previous research. We used
Cehen's P as an effect size estimator for the associations.

We used mixed-effects modeling to re-analyse the
association between prenatal sGC and mental health, but here
we used the entire cohort. In this way, we can determine if the
results are replicable or merely due to certain characteristics in
the subsample. This statistical technique is robust in the
analysis of unbalanced data, and thus s suitable here where
there are unequal numbers of cases and controls. In the model,
the predictor {prenatal sGC} and confounders were included as
fixed effects. The "grouping” variable, based on gestational age
and sex, was included as a random effect, thus allowing the
model representing the impact of sGC on mental health to vary
as a function of the group, thereby reducing the confounding
effects of pre-term birth and sex.

Mediation Analysis

We used the bootstrap method [52 53] to evaluate whether
bithweight and placenial weight mediated the possible
association between prenatal sGC and mental health, within
the propensity-score-matched subsample. This is & resampling
method which generates accurate confidence intervals to
assess mediation effects. Bootstrapping does not impose any
assumption about the shape of the distribution of the mediation
effect. and thus it has been suggested that it is a more powerful
technigue than single sample methods [52,54].

Power Analysis

We performed a post hoc power analysis to determine
whether our study was sufficiently powered to detect any
possible significant impact of sGC treatment, at 8 years and 16
years.
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Resulis

Descriptive Analysis

Table S1 shows pregnancy and birth characteristics for the
unmatched cases and controls, available for analysis. Prior to
propensity-score-matching, sGC cases and controls differed
significantly on gestational age, birthweight, and placental
weight. The difference on pre-pregnancy BMI was significant,
p=.04 (based on all treated cases, n=41). As gestational age
and pre-pregnancy BMI precede sGC treatment, these
covariates were included in the propensity-score model.

Table 1 shows pregnancy and birth characteristics for the
propensity-score-matched cases and controls, There were no
significant differences between the matched sGC cases and
controls on any of the socio-demographic or medical factors.
Importantly, there were no significant differences on gestational
age and pre-pregnancy BMI, nor on the mean logit propensity
score (case mean=-4.35; control mean=-4.36; p=.96) -
indicating balance between cases and controls on treatment-
associated confounders,

Table $2 shows the attrition analyses among sGC cases
from birth to 8 years, and from 8 years to 16 years. There were
no significant differences by socio-demographics and birth
outcomes between the participants and non-participants at 8
years, Similarly, attriion was not characterised by any
significant differences from childhood to adolescence by socio-
demographics, birth outcomes and mental health {at 8 years).

While all the sGC cases were hospitalized, only one sGC
case experienced one of the main pregnancy complications
related te pre-term birth (gestational hyperension, pre-
eclampsia or placenta previa). This single case did not
significantly impact upon the mean mental heakth scores, and
therefore was included in all analyses. Out of the controls,
approximately 15% were hospitalized and 9% experienced the
main pregnancy complications refated to pre-term birth.

Regression Models

Table 2 shows the linear multiple regression results for the
association between prenatal sGC treatment and mental health
outcomes in children and adolescents, controlled for sex,
birthweight, placental weight, socio-demographic factors
(matemal age, education and family structure}, and medical
factors (total prenatal sGC dose, interval between prenatal
sGC exposure and birth (days). parity and smoking during
pregnancy). There were significant associations between
prenatal sGC freatment and the total Rutter and inattention
scores, at 8 years. The effect sizes for the total Rutter,
inattention-hyperactivity, inattention and antisocial scores were
moderate, while the association for the hyperactivity score
showed a large effect size. Similar to the results at 8 years, we
found consistent significant associations between prenatal sGC
treatment and each of the outcome scores at 16 years,
however, these did not reach statistical significance.

Table 3 shows that the mixed-effects model produced very
similar results to the first analysis, Prenatal sGC treatment was
significantly associated with the total Rutter and inattention
scores at 8 years, and was consistently associated with higher
scores on all other outcomes at 8 and 16 years. Additionally,
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this method revealed neurotic scores were also elevated
among sGC cases in comparison to controls at 8 years.

Mediation Analysis

The bootstrap method showed that there were no significant
indirect effects of birthweight {e.g. for total Rutter score,
bootstrap estimate=.67, percentile 95% (Cl=-1.33-3.00) or
placental weight {e.g. for total Rufter score, bootstrap
estimate=.24, percentile 95% CI=-1.07-2.00) on the sGC-
mental health pathway. Thus, we dil not find evidence for
mediation by birthweight or placental weight.

Power Analysis

The post hoc power analysis showed that the study had
sufficient power to detect significant differences at 8 years (e.g.
for total Rufter score model, 1-f=.80, with an effect size £=.23
and p=.05}, but was under-powered at 16 years (e.9. for
combined ADHD score model, 1-p=.39, with an effect size F=.
11 and p=.05).

Discussion

This study is the first to explere the long-term associations
between prenatal exposure to sGC treatment and mental
health in childhood and adolescence, We found that both
children and adolescents prenatally exposed to sGC scored
consistently higher on internationally validated screening
instruments of mental health, by teacher, parental and self-
reperts, than controls. The  propensity-score-matched
subsample showed that prenatal exposure to sGC treatment
was significantly associated with the total Rutter and inattention
scores in childhood, independent of relevant confounders —
sex, birthweight, placental weight, socio-demographic factors
and medical factors. Past studies have in paricular found it
challenging to disentangle the effect of prenatal sGC on mental
health from pre-term birth, which is associated with both sGC
treatment and child mental heaith. Through propensity-score-
matching, cases and controls were balanced, i.e. matched, on
gestational age and pre-pregnancy BMI, and so we were able
to isolate the impact of prenata] sGC on mental health from
these treatment-associated confounders. Therefore, our
findings suggest that prenatal sGC is a potential programming
agent of child mental health, rather than a mere
epiphencmenon. We examined the robustness of our findings
by testing the association using the entire cohort by means of
mixed-effects modeling. We found very similar results using the
entire sample compared with the subsample, providing further
evidence that our results are unlikely to be affected by
confounding.

We set out to examine the potential long-term association
between prenatal sGC exposure and mental health, and
therefore studied adolescents by way of parental-report specific
for ADHD symptoms and self-repoert for general mental health.
Given attiition by the 16-year follow-up, only 29 cases
remained for analysis which left our study under-powered at
this point - as confirmed by our power analysis. Nonetheless,
the pattern of associations at 16 years was consistent with the
findings reported at 8 years.
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Table 1. Pregnancy and birth characteristics for the sGC cases® (n=37) and matched controls (n=185}); 1:5 matching ratio,
matched on logit of propensity score.

Characteristic Mean + 50 of n (%)
Pregnancy
Mitemak e (yendS)
Family sbructure

S._i..ng_lem.idoged.fdivomed _ 127 : 2 6. 55
o 10(313) 54 (32.1)

fre

137 (757
A4 (I} ¢
20526

87 (47.0)

13 (7.1 .

Term birth 2 37) ' S ' ' 137 (74, 1"; '
1 b Iﬁi Iglf_" . . - Lo . .
Blrthweighl caiegoﬂes {g)

30(81.1) 156 (®6.5)

Placental waight (9)
Phacactit dmight saeginas (a):»
< 550

14 (37.8)
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Table 1 (continued).

Characteristic Mean £ 5D arn (%)
i Cass Control P
2720 B{18.2) 25 {13.6)

& Including cases exposed to prenatal sGC > 4 days prior to birth.
aoi 10137 1jcumal pone 0081354 11

Table 2. Linear multiple regression results for the association between prenatal glucocorticoid treatment (cases’, n=37 (at
By) n=29 (at 16y), and cantrols balanced on gestational age and pre-pregnancy BMI, by means of logit of propensity score;
1:5 matching ratio) and mental health cutcome scores for children and adolescents, adjusted for relevant confounders’.

Mantal Health Prenatal glucocorticoid (GC) reatment (case/cantrol)

Unadjusted Adustid’

B 95% Clfor B B P B 85% Cltor B [} P Cohen's £

B-y-olds|Rutter {tescher report)
Teal Rubier score 107 -95-3.10 08 30 834 23-16.45 5 04 23
Antisocigf score 28 - 45-1.00 05 s zm - 04-5.9 54 05 20
Neurohic score 11 -39-62 03 66 155 - 55367 42 A5 Bl
Inattenlidn-hyparactivity scase 21 -40-72 o4 58 218 -03-4.35 82 05 3
Inattention score” 02 2318 -02 B w7 .16-1.80 64 02 23
Hyparactivity score” 19 -21-.58 o 3% i -29-2.87 At 12 38
18.y-olds SWAN [parent report}
Cambinefi ADHE score A5 848819 <03 78 1820 -1465.47.04 3 30 N
Inaltention score” -53 -4.31-3.24 -02 78 s00 6.42-24.41 ar s
Hypersctlvity scora’ -.61 -4.80-3.38 -2 1 720 “0.85-24 28 2T 4t
18-y-olds YSR (self-repont}
YSR Todj Prablem scars 210 455874 05 53 230 -26.43-21.00 05 8 .z

&. Including cases exposad to prenalal sGC » 4 days prior lg birth.

b. adjusted tor sex birthweighl, placenlal weighl, socio-gemagraphic factors (Matefnal age. education and family structure). and medical laclors (lolal prenatal sGC dose,
interval between prenalal sGC exposwre and birth {days). smoking during pregnancy and panty).

€. score based on Ruttar nem number 16 (range 0 to 21

d. score based on sum of Rutler items 1 and 3 (range 0 to 4).
€. score based an sum of & SWAN lams (range -27 to 27).

f. scare based on sumn of @ SWAN ilems (range -27 to 27},
doi 10,137 1 joumal. pone. 008 1 394 1002

Our findings corroborate and extend previous results of
cbhservaticnal studies of high-risk pregnancies in humans.
which have examined the effect of repeat prenatal sGC doses
on child mental heaith [15,16]. Most previous studies have
used high-risk samples in comparison to normal pregnancies.
making it difficut to differentiate between medical
complications that prompted treatment and the potential effect
of the treatment itself on the outcome. Ours is a cemmunity
cohort in which both controls and cases experienced
preghancy complications and were hospitalized. Qut of the
controls, approximately 9% experienced the most common
causes of pre-term bith (gestational hypertension, pre-
eclampsia and placenta previa) and 15% were hospitalized.
Only one case experienced one of the most common causes of
pre-term  birth. In this sense, our results are mare
generalizable, rather than specific to high-risk sub-groups and
so are unlikely to be affected by confounding of pregnancy
complications.

PLOS ONE | www.plosone.org
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We were able to examine the impact of fairly low and
infrequent doses of prenatal sGC (the average total dose was
15.4mg and the maximum dosage was approximately equal to
a single course of sGC, according to current guidelines). Given
the concerns raised by use of repeat $GC in pregnancy [14,22]
and the call for longitudinal research [55]. it is of public health
interest to study long-term risks associated with exposure at
this low dosage. Our findings suggest that even at low dosages
the fetal brain may be sensitive to sGC. Interestingly, we found
that prenatal sGC had a non-specific effect on child mental
health, as indicated by an association with the total Rutter,
which reflects a range of emotional and behavioral problems.
including ADHD symptoms. A total Rutter score of 29 indicates
probable psychiatric disturbance, and so the mean Rutter scare
difference of approximately 8 points between cases and
centrols reflects clinical significance.

Cortisol may directly impact brain development because
glucocorticoid receptors {GR}) and mmeralocorticoid receptors
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Table 3. Mixed-effects model for the association between prenatal glucocerticoid treatment (case’ vs. control. matched for
gestational age and sex) and mental health outcorne scores for children and adclescents, adjusted for relevant confounders’”.
Muntal health Pranatal glucocorticoid {GC) traatment (cassicontrol} T

[ Esthmatys Pairwiss comparitons

n Means 5E $5% CI Mean differance {B) SE 85% CI P

s-v-uld!i Rutter {teacher repart)
Tolal Ruller score 8.04 3.4 1.49-14.60 02
GC contfol 6059  3.59 a2 2.904.28 '
GC case 37 11.63 333 5.11-18.15
Anfisotid) score : U245 112 ~.04.4.35 05
GC contraf 6065 T5 1 50-1.00
GC case| 7 250 111 72501
Neurolic score 248 84 84412 .00
GC conifpl 6078 .65 02 61-70
GC rass a7 13 83 150476
lnaﬂunih‘h—hyperlcﬂwty sCore 1.53 1.0 v 43-3.51 13
GC contay 6069 186 B 1624058
GC case| n 530 100 243738
Inattention score” 79 .35 12147 02
GC connpl 6079 .22 03 18- 29
GC case 7 1.0t M M-168
Hyperactiiy score” T 7 69217 At
GC conteof BOTS 262 08 246281
GG cosn at 3.37 3 195490
16-y-olds SWAN [parsnt report]
Combined ADMD score 13.82 1283 -11.22-29.08 28
G control 4950 -20.22 k- -22.10- 1836
GG case | 29 -6.3 LFA1) 3131872
Inatiention score” B.42 6.80 4.91-21.74 22
GC contryl 9% 800 Ay 9.05- 8,64
GC case 29 42 677 -12.B5-13.69
Hyperictijiy acore’ 547 689 9241947 A3
GO controd 4950 -12.22 38 -13.05- 1138
GC case | 29 615 698 .20.38689
16-y-olds YSR (self-repornt)
Y5R Tote} Problem score 18.38 1205 -7.24-40.02 A1
GC contrd 5079 25.52 1.24 2267-28.36
GCoase | 29 4191 12,03 +8,33-6549
& Including casas exposed 1o prenatal SGC > 4 days prior to birth
b, agjusled for binhweight. placental weight. sociodemagraphic faclors {matemal age. educaton and family structure), and medical faclors {talal prenatal sGC dose, interval
betwaen prenatal sGC exposure and birth (days), smoking dunng pregnancy, parity and pre-pregnancy BMI).
e, scare hased on Rutter itern number 16 (range 0 to 2).
d. score based o sum of Rulter Hems 1 and 3 (range 0 1o 4).
e, scarg based on sum of 9 SWAN ilems (range -27 to 27).
{. score based on sum of 9 SWAN items (range -27 10 27).
dod 10,137 1joumal.pone D0A1394.1003

(MR). both of which have a high affinity for GC. are highty
expressed in the fetal brain [56), particularly the hippocampus
[57]. Animal studies have shown that prenatal sGC exert
widespread effects on the developing brain, reducing neuran
proliferation [58], as well as affecting neuron structure and
synapse formation [59]. Prenatal $GC has been linked with
reduced density of hippocampal neurons in the offspring. in
both humans and animals [57.60]. Altered hippocampal

PLOS ONE | www.plosone.org
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structure in turn has been associated with mental health.
including ADHD [61,62]. A recent study demonstrated that
prenatal sGC was associated with thinner brain cortex in
chikdren. which in turn was linked with affective problems [63].
There is also evidence that prepatal sGC has a long-term
impact on hypothalamic-pituitary-adrenal {HPA) axis reactivity
in term-born children, which may bear significant implications
for stress-retated psychiatric disorders [64].
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We testod the hypothesis that deviation in birthweight or
placental weight would mediate the association between
prenatal exposure to sGGC and child mental health. It is passible
that altered birth size and/or placental size, both of which have
been linked to prenatal sGC exposure [22,27] and child mental
health [23.29]), would lie on the GC programming pathway.
However, we did net find support for this idea,

As in all longitudinal studies, attrition occurs at every follow-
up and is the main limitation. With a loss of 9 cases by the 16-
year follow-up, ocur study was under-powered at this point,
which is a likely explanation for non-significant findings at this
age. The NFBC 1986 is a prospective cohort but was not
designed to examine sGC treatment outcomes - we performad
a chart review to identify sGC cases, thus we cannot rule out
the impact of unmeasured confounders. It is not possibie to
cempiately rule out that the observed differences in mental
health scores may be due to the complications of pregnancy
which prompted sGC treatment. However, this seems unlikely
here as both cases and controls experienced pregnancy
complications, and our matching procedures ensured that
cases and controls were balanced on important confounders.
Due to the very small number of sGC cases experiencing
pregnancy complications known to be a risk for pre-term birth
{n=1}, we could not study these as sub-groups. Further work is
reguired to determine the impact of pregnancy complications
on later mental health with larger samples. Finally, sGC cannot
be directly equated to endcgenous matemal GC. sGC and
endogenous GC largely bind to different types of steroid
receptors and so may have different biological effects. Despite
these limitations, sGC provides a useful quasiexperimental
mode) in the absence of direct experimental manipulation in
humans and provides a tentative proof of concept, warranting
further research to better understand the asscciations and their
underlying mechanisms.

Qur study has important strengths. First. we used propensity-
score-matching to account for treatrment-selection bias (thereby
partly mimicking an RCT}, in particular gestational age and pre-
pregnancy BMI, and so we were able to isolate the effect of the
drug from these two significant confounders associated with
receipt of treatment. Our large dataset enabled us to very
precisely match cases to controls on the logit propensity
scores. Thus the resuits presented herg are not due to pre-
maturity. which its threat would prompt treatment, and is known
to be a risk for poor neurcdevelopmentat cutcomes. including
ADHD [65.66) nor pre-pregnancy BMI which was also
associated with freatment in this sample as well as ADHD
[32,67]. The matched cases and contrals were also balanced
on other important confounders, and these confounders were
additionally adjusted for in the main analysis. Thus, we
minimized confounding related to sGC treatment and mental
health as much as possible. Second. we were able to replicate
the results produced from the propensity-score-matched
subsample using the entire cohort by means of mixed-effects
meodeling, demonstrating the robustness of our findings. Third,
we used precise case classification (exposed >4 days prior to
delivery) to ensure that the drug had sufficient time to act on
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the fetal brain. Studies which do not take exposure tirme into
consideration e.g. Dalziel et al. (2005) may be more likely to
report null findings as the drug may not have had time to act on
the fetal brain. Fourth, we assessed child and adolescent
mental health via multiple informants and multiple validated
instruments, which strengthen the credikility of the resuits and
extend previous findings that have relied almost completely on
parental repert. Fifth, we address the growing public heafth
concern regarding side-effects of sGC treatment by studying
the impact of fairly low/infrequent doses of sGC.

In conclusion, the data we present here, originating from a
populaticn-based cohort, is the largest to date and show an
association between prenatal sGC exposure and child mental
health. Further work is necessary to confirm the long-term
associations, By capitalizing on the natural experiment in which
women are treated with sGC, we were able to explore the
hypothesized pathway between fetal glucocorticoid exposure
and Jater child mental health. The results show that this
pathway merits further scientific research, though it is a
challenge using human studies. While the benefits of prenatal
sGC treatment on the immediate health and survival of the pre-
term neenate are clear, it is also important to consider the long-
term health implications of this drug, including those relating to
mental health. The dinical ramifications of this study call for
close rmonitoring of children prenatally exposed to sGC in order
to provide support early if mental health problems arise.
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From: Boghossian, Napsi (NIH/NICHD) [F]

To: Higging, Rosemary (NIH/NICHD) [E]
Subject: FW: Pediatrics - 2013-1702.R2

Date: Tuesday, November 26, 2013 10:09:22 AM

Our paper will appear in the Feb Pediatrics issue.

----- Original Message-----

From: Bell, Edward (Pediatrics) [mailto:edward-belli@uiowa.edu]

Sent: Tuesday, November 26, 2013 10:06 AM
To: Boghossian, Nansi (NIH/NICHD) [F}; Nellie Hansen
Subject: FW: Pediatrics - 2013-1702.R2

We made the print issue!

From: onbehalfof+martha.andreas+uvm.edu@manuscriptceniral.com

[mailto: alfof: + a; 3 :om) On Behalf Of martha.andreas@uvim.edu
Sent: Tuesday, November 26, 2013 9:00 AM

To: Bell, Edward (Pediatrics)

Subject: Pediatrics - 2013-1702.R2

26-Nov-2013

RE: 2013-1702.R2 - Mortality and Morbidity of VLBW Infants with Trisomy 13 or Trisomy 18

Dear Dr. Bell:

We would like inform you that your article has been selected for the F ebruary 2014 Print and online issues of

Pediatrics. If you have already seen received page proofs from our publisher, you should be aware of the following:

COLOR CHARGE: A charge of $150 will be billed for each color tigure appearing in the print edition. During the

page proof phase, the publisher offers authors the option te confirm or decline color. If you decline the use of color,

your figure will be converted to black and white.

Sincerely,

Lewis R. First, MD

Editor-in-Chief

Pediatrics Editorial Office

University of Vermont College of Medicine
89 Beaumont Ave, Given D201

Buriington, VT 05405-0068

Telephone: 802.656.2505

Email: PediatricsEditorial@aap.org

IF YOU EXPERIENCE ANY DIFFICULTIES ACCESSING YOUR ACCOUNT, PLEASE CONTACT
ScholarOne Technical Support.

Technical assistance is offered from 3:00am to 5:30pm EST (-5GMT), Monday through Friday.

Telephone: (434) 964-4100

International Telephone: 001-434-964-4100 If you need to speak to someone on our editorial staff, please call;
Burlington office at (802} 656-2505 between 9:00 a.m. and 4:00 p.m. EST, Monday thru Friday.
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From: Tyson, Jon £

To: Waily Carlo {wacaro@uab edu) (wacarlo@uab edy}; Walsh, Michele (Michele, Watsh@UHhospitals org); Finer,
Neil; Abhik Das (Adas@di.org) (Adas@rti.org}

Ce: Higgins. Rosemary (NIH/NICHD) [E]; Kennedy, Kathieen A

Subject: FW: OHRP presentation regarding the SUPPORT trial

Date: Monday, November 25, 2013 6:37:05 PM

In revising the Misconceptions about SUPPORT paper to submit for publication, [ have been reviewing the
presentations from the ORHP meeting. 1 think you will want to review the comments made in this presentation by
the Chief of Anesthesia Section {Critical Care Medicine Dept) at the NIH and a Professor at U Maryland and
Johns Hopkins, I sent my questions and comment to him, being careful to indicate I don't represent the Network
(though I hope none of you feel [ missed something important). While I disagree with his conclusion, criticism
coming from someone of his caliber who works at NIH is worth careful consideration. This kind of criticism he
makes is one that we will want to be ready to defend ourselves against if need be in in future publications about
SUPPORT or in court, On a quick read of the now available Saugstad meta-analysis, [ couldn't tell from whether a
treatment x algorithm interaction was tested. However, Natanson contends that the effects of the oxygen saturation
group differs with the two algorithms, indicating that questions of the kind [ raised in my last ¢ matl may well be
asked by others.

I hope you all have a great Thanksgiving. [ hope my ¢ mails won't cause indigestion.

. -—-=-Original Message-—--

From: Tyson, Jon E

Sent: Monday, November 25, 2013 1:45 PM

To: 'cnatansonf@ec.nih.gov'

Subject: Your OHRP presentation regarding the SUPPORT trial

I am a clinical investigator, and a participant in the NICHD Neonatal Network since its inception. I was involved an
investigator (though not a PI} in SUPPORT, spoke at the OHRP mecting, and have been reviewing all of the
presentations. Your slides are particularly interesting in trying to more clearly understand the confusing results of
the different saturation trials. Thanks for conducting and reporting your analyses so clearly. They may help
advance the discussion about these trials. I would appreciate your thoughts about a few questions and comments
{which of course don't necessarily represent the views or attitudes of any of my colleagues in the Network):

1. You indicated that the OR of survival with the original atgorithm calibration in the meta-analysis of the UK,
Australia, and Canada trial was not significant. Did you determine the OR and p value if the Network trial was
added? If still not significant (as I would assume}, would you (and your statistician) conclude that is unclear
whether or not the significantly higher mortality with the lower saturation goal in using the lower algorithm in the
Network trials was due to the play of chance?

2. How were the p values calculated in assessing the changes before and after the change in algorithm in the UK,
Australia, and Canada trials? How was the p =0.01 on the next to last slides calculated? Was there a significant
treatment x algorithm interaction? Do you consider the results of the analyses to be hypothesis confirming or
hypothesis generating (as [ believe the editors of the New Engl J Medicine would contend by their requirements for
subgroup analyses)?

3. You indicate that the narrower, more bell shaped distribution of oxygen saturation curves with the revised
algorithm resulted in a different effect on mortality in the two groups with lower mortality in the high saturation
group and a tred toward a higher mortality in the [ow saturation groups--relative to that with the wider bimodal
saturation distribution with the original algorithm. However, it is unclear why you use the term "usual care” in the
inferences in your sentences restated below.

A, "Decreasing oxygen exposure improved survival rates in preterm babies already receiving levels higher than
usual care.”

4-02158 02158
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As I understand your slides, you report that the high saturatien group (91%-95% saturation goal) generally spent less
time with true saturations of 91% or greater with the revised algorithm than they did with the criginal algorithm and
more time with saturations of 85-90%. You don't present data for time spent with saturations below 83-89%,
particularly below say 70%, which may be when low saturation are most likely to increasing mortality. However,
assuming that there is no important difference between the high saturation goal group in time spent below with such
low saturations before and atter changing the alrgorithm, there are no data indicating that when the original
algorithm was used, the high saturation goal group spent a higher proportion of time with high oxygen saturations
than oceurs in usual clinical care in study centers or in typical neonatal ICUs.

Indecd, the opposite may be wrue, The trial involved considerable effort to avoid extreme saturation values outside
the target range. This included great effort to assure that the NICU siatf who routinely dial up the FiO2 when
infants have apneic episodes or desaturations for any other reasen would promptly turn dial the Fi(2 back down
when these episodes resolved, Neonatal ICU statf are very busy and usually responsible for multiple infants, and it
has been difficult 1o achieve staffing ratios neonatal [CUs that allow very exacting regulation of oxygen saturation
in unstable individual infants. If you have spent much time in neonatal 1CUs, [ think you will agree that [ailure to
promptly reduce Fi0O2 in this situation (and temporarily raising or routinely using saturation of alarms of 98-100 to
avoid frequent alarms} has been a common problem in the usual care for these infants.

It the truth were known, it wouldn't be surprising if the sentence above would be better stated as “Decreasing
exposure to high saturation levels that occur with usual care was associated with a reduced mortality in the group
with a saturation goal of 91-93%." Excessive oxygen exposure can increase mortality even it is briel’ and occurs in
term infanls (as is now clear from trials using restricted or 100% oxygen in delivery room resuscitation). This could
be a faclor, perhaps the most important factor, contributing Lo the lower mertality among trial infants than among
historical controls and eligible infants whose parents refused consent.

B. "Decreasing oxygen ¢xposure worsened survival rates in neonates already receiving levels lower than usual
care." The data you present indicate that the intants in the 85-89 % saturation goal groups spent less time with true
saturations of 91% or greater and more time at 85-90%. As evident above, 3ts likely they also spent less time with
values of 91% or greater than babies receiving usual care in clinical praciice. However, there was not a signilicant
change in mortality with the change in calibration and with the greater attention o regulating FiQ2 in the trial that
with usual care in ¢linical practice, it isn't necessarily true that they spent less time than with usual cure at values
less than 85 or at substantially lower levels that may inercase mortality,

4. The results shown on your next to last slide (which [ would have no reason to challenge) de not seem to lead to
the conelusions noted on the last slide for several reasons:

A. The word "extreme" is ordinarily understood to refer to values outside a particular range or te the very highest
and [owest vitlues within that range (the lowest 10% or highest 10% if not the lowest or highest 5% or [20).
Describing the ranges 85-89 and 91-95 as extreme seems unwarranted when they occupy all but the midpoint of the
range 85-95.

B. Ifone agrees the increased attention by NICU personnel to adjust FiO2 to increase the proportion of time
within the goal range is a desirable feature of a clinical trial to define the preferred saturation goal, then the care
given in the trial wili depart from usual clinical care that involves less atiention to regulating the FiQO2. (The
increased atlention to regulation of care is of course a reason that cutcomes may be enhanced for all treatment
groups in clinical trials.) In this way, there would be no group representative of usual care even if the trial had
included a 3rd group with a saturation goal of 83-935.

C. Studics that arc needed to advance practice don't necessarily have to include any arm that represents what is
truly representative of usual care.

D. Including a 3rd arm with a saturation goal of 83-935 would be expected to produce intermediate results between
the two arms; would have increased the sample size, cost and effort required for the trial by at least 50% (limiting
the patients, funds, and personnel time to answer other imponant questions); and most importantly, substantiaily
delaved {by two vears even if there was no correction for repeated analyses) when the SUPPORT results would
have been reported. This would also be true for the BOOST 11 and COT trials. In the meantime, neonatologists
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worldwide would have continued to prescribe OXygen saturation goals without any outcome data from clinicaf trials
assessing comparing goal saturations of 85-89% or 91-95%, Its likely that an increasing number of neonatologists
would have used saturation goals of 85-89% (as was my clinical practice) or lower in trying to minimize ROP and
other morbidity or mortality due to excessive oxygen administration,

Y appreciate your taking the time to read this and any response to me and to the Network investigators that you
would feel is appropriate,

Have a happy Thanksgiving.

Jon Tyson, MD, MPH
Vice Dean for Clinical Research and Healthcare Quality UT Houston.
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Therapeutic Misalignment

Randomization to the Extremes
of Usual Care

Charles Natanson, M.D.
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For critically ill patients receiving a
therapy titrated to individual need,
‘randomization to dosage extremes

has foreseeable risks

Such trial designs, in the absence of a
usual care arm, may harm patients
and have a limited ability to inform

practice
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Trlals at ngh RISk for
Therapeutic Misalignment

Life-sustaining therapies routinely
adjusted for severity of disease
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Trlals at ngh RISk for
Therapeutic Misalignment

. Life-sustaining therapies routinely
adjusted for severity of disease

» Testing two extremes of such
therapy
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* Therapy is changed independent of
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Trlals at H|gh RISk for
Therapeutic Misalignment

- Life-sustaining therapies routinely
adjusted for severity of disease

» Testing two extremes of such
therapy

* Therapy is changed independent of
need

* No (usual care) control
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SUPPORT Trial

An Example of
Therapeutic Misalignment
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HypotheS|s & Methods

 “...a lower target range of oxygen

~ saturation (85 to 89%), as
compared with a higher ... (91 to
95%) would reduce ... severe
retinopathy of prematurity or death
among infants born between 24
and 27 wk ”

NEJM 2010;362:1959-69
02168
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Methods

* In order to blind caregivers

to group assignments,
“offset” pulse oximeters
were used to titrate oxygen

therapy in preterm babies

NEJM 2010;362:1959-69
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Displayed

89% | 90% | 91%

* This displayed range was presumably
the routine target range of O,
saturations used in preterm babies
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88% | 89% | 90% | 91% | 92%
el
4 85% ) 86% | 87% | 88% | 89% 4 91% ) 92%

Actual in the
Low O, Sat group

93%

94%

Actual in the

High O, Sat group

For a preterm baby with an “offset” O, Sat of 88%, the

actual O, Sat could have been either 85% or 91%
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For a preterm baby with an “offset” O, Sat of 89%, the

actual O, Sat could have been either 86% or 92%
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Actual in the Actual in the
Low O, Sat group High O, Sat group

For a preterm baby with an “offset” O, Sat of 92%, the

actual O, Sat could have been either 89% or 95%
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Major Outcomes

Endpoints

Combined Endpoint:
Severe retinopathy or
death before discharge

Severe retinopathy

Death before
discharge

O, Sat Study Groups
Lower Higher
event rate event rate
28% 32%
(171/605) (198/616)
9% 18%
(41/475) (91/509)
20% 16%
(130/654) (107/662)
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Because of practice misalignments created with
randomization and known risks of retinopathy

(higher oxygen levels) and death (lower oxygen
levels) these results are not unexpected

Combined Endpoint: o
Severe retinopathy or 28%
death before discharge  (171/605)

Severe retinopathy 9%
(41/475)
Death before 20%

discharge (130/654)

4-02175

32% 0.21
(198/616)
18% < 0.0001
(91/509)
16% 0.04
(107/662)
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Major Outcomes

oxygen levels at the extreme HIGH end

UL of usual care, developed more severe

 retinopathy
Severe retinopathy 9% 18% < 0.0001
(41/475) (91/509)
Death before 20% 16% 0.04
discharge (130/654) (107/662)
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Major Outcomes

O, Sat Study Groups
Endpoints Lower Higher P-value
event rate event rate
Co
Sev _ 0.21
LEEN randomized to oxygen levels at the |
S died more often < 0.0001
Death before 20% 16% 0.04
discharge (130/654) (107/662)
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Two Additional Trials

Same Design and Methodology for Targeting Higher vs. Lower
Oxygen Saturation Ranges with Intentionally Offset Monitors

Study # Patients Enrollment
Name Country Published Enrolled Years
UK and NEJM 2006 -
BOOST I Australia 2013 2,448 2010
JAMA 2006 —
COoT Canada 2013 1,201 2010
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Midway through the
BOOST Il and COT Trials

 Pulse oximeters were recalibrated
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Midway through the
BOOST Il and COT Trials

 Pulse oximeters were recalibrated

* This resulted in an unintended
experiment in the preterm babies

* Potentially informative to the
- misalignment problem
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Effect on Overall Survival of Recalibrating
the Intentionally Offset Pulse Oximeters

Favors Low O2 Favors High 02

Pulse Oximeter Saturation Arm Saturation Arm

(85-89%) (91-95%)

Before Recalibration
United Kingdom 8 12 = 0%
Australia 5

Canada —&—

Summary
Recalibration
Before e ol 2

NS

1 -0.5 0 0.5 1 1.5 2 2.5
) : N Engl J Med 2013;368:2004-104
Odds Ratio of Survival JAMA 2013;309(20):2111-20
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Effect on Overall Survival of Recalibrating
the Intentionally Offset Pulse Oximeters

Favors Low O? Favors High 02

Pulse Oximeter Saturation Arm Saturation Arm
{85-89%) (91-95%)
Bef_ore Recalibration
United Kingdom —a 12 = 0%
Australia —
Canada ——

Prior to recalibration, there was no significant
difference in survival rates comparing the low and high
oxygen target range across studies

Summary
Recalibration
Before - P = NS

I 1 1 | I I 1 1
108 005 1 15 2 25 3\ EnglJ Med 2013:368:2094-104
Odds Ratio of Survival JAMA 2013;309(20):2111-20
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Effect on Overall Survival of Recalibrating
the Intentionally Offset Pulse Oximeters

Favors Low O? Favors High 02

Pulse Oximeter Saturation Arm Saturation Arm

o (85-89%) (91-95%)
Before Recalibration
United Kingdom s 12=0%
Australia . —
Canada ——
After Recalibration
United Kingdom & 12 =0%
Australia —
Canada B
Summary
Recalibration
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If practice misalignments are impacting
outcome, recalibrating the pulse oximeters
should have the following effects:
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If practice misalignments are impacting
outcome, recalibrating the pulse oximeters
should have the following effects:

In the Low Oxygen

Lowering O, saturation
should worsen, while
raising O, saturation
should improve outcome
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If practice misalignments are impacting
outcome, recalibrating the pulse oximeters
should have the following effects:

In the Low Oxygen

Lowering O, saturation Raising O, saturation
should worsen, while should worsen, while
raising O, saturation lowering O, saturation

should improve outcome  should improve outcome
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Changes in Oxygen Exposure from
Before to After Recalibration

Oxygen Saturation Levels Achieved

Treatment Arm
and Country >95%  91-95%

Proportion of time with change from before

Low Saturation to after recalibration
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Kingdom -2.2% -2.6%
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Change in Oxygen Exposure from
Before to After Recalibration

Oxygen Saturation Levels Evaluated

Treatment Arm
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters

Tre;atment Arm Favors Before Favors After

Decreasing oxygen exposure worsened

survival rates in neonates already
receiving levels lower than usual care
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters
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Effect on Survival by Treatment Group of
Recalibration of Pulse Oximeters
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The effects of lowering oxygen exposure on
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Conclusions

» Randomizing the critically ill to
extremes of titrated therapies creates
practice misalignments which carry

- risks and do not represent usual care

* A usual care control arm is essential to
adequately monitor safety and inform
- practice
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From: Einer, Nell

To: Tyson, Jon €; Wally Cario, $4.D.; Waish, Michele

Ce: Abhik Das (Adas®rii.org} (Adas@rtorg); Higgins, Rosemary {NIH/NICHD) (E]; Kennedy, Kathleen A

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to understand the results
and how they should be applied?

Date: Friday, November 22, 2013 3:39:16 PM

I would support such analyses being compfeted and published

Neil

From: Tyson, Jon E [mailto:Jon.ETyson@uth.tmc.edu] S
Sent: Friday, November 22, 2013 8:00 PM

To: Wally Carlo, M.D.; Walsh, Michele; Finer, Neil

Cc: Abhik Das (Adas@rti.org) (Adas@rti.org); Rose Higgins MD (higginsr@mail.nih.gov); Kennedy,
Kathleen A

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have ali the information needed to
understand the results and how they should be applied?

Do you and the committee want to discuss whether it might be feasible and desirable to de
analyses restricted to infants alive at 24 hrs and compare the 3 studies with respect to 1) the “trueg”
oxygen saturation distribution to 36 wks by saturation group ; 2) RR for death for low vs. high sat
goal identified from regression eguations that included as predictor variables treatment group and
center; and 3} RR for death for tow and high oxygen sat group adjusted for center, treatment group,
and a few other variables, perhaps gestational age, FO2 at 24 h [or at ¢lose to it as possible), and
vent support {yes, no or MAP if available)}?

More simply, the committee could also consider doing an additional analysis restricted to SUPPORT
with infants classified according to severity of illness at or near enrollment {high or iower based on
first FI02 x MAP ) and assess whether there is evidence of a treatment x severity of iliness
interaction on the RR for death with low vs high sat goals. Evidence that the effect of the saturation
goal in the sickest infants differed from that in less sick infants might help explain the differences
between studies and might be a reasonable analysis to do even if the studies had altogether similar
results,

As Wally and | discussed and as i said in my e mail, he may well be correct that these differences
between studies in the findings may all due to the play of chance. There are some differences from
the trials with antenatal steroid trials in 1) The variability across the antenatal steroid trials reflects
the small size of the trials. {The largest trial the Liggins trial {(n=1079), resulted in a risk difference
virtually identical to that of the meta analysis. The average number of total patients in the other
trials was only 180 patients, much smaller than BOOST, COT, and SUPPORT; and 2) the meta-
analysis of the antenatal steroid trials didn’t identify evidence of a heterogeneous treatment effect
whereas there may be a treatment x algorithm interaction in a proper meta-analysis of the
saturation trials that in contrast to the steroid meta-analysis might rmake it difficult to come up with
a meaningful overall effect size.

FerWaﬁ;Earlo,ﬂr\?D[ T a i rionr ]_ e e e+ e+ e
Sent; Wednesday, November 20, 2013 12:59 PM
To: Walsh, Michele; Finer, Neil; Tyson, Jon E
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Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Michele and Neil:

You raise important points. | agree it is difficult to try to use comparisons of saturation data to argue
the rasults of 5 trials and almost 5000 babies.

This is reminiscent of the antenatal steroids controversies which delayed ramping up antenatal
steroids treatment for decades.

Wally

Wally Carlo, M.D.

Edwin M. Dixon Professor of Pediatrics
University of Alabama at 8irmingham
Director, Division of Neonatology
Director, Newborn Nurseries

1700 6th Avenue South

176F Suite 9380R

Birmingham, AL 35233-7335

Phone: 205 934 4680

FAX: 205 934 3100

Celt:[(b)(6)

From' Walsh, M|chele Lmaﬂm:MEhgte.ﬂalsh@iﬂhasnﬂ:aJ&ch]

Sent: Wednesday, November 20, 2013 6:57 AM

To: Finer, Neil, Wally Carlo, M.D.; Tyson, Jon E [Jon.E.Tyson@uth.tmc.edu]

Subject: RE: Reconciling SUPPORT, BOQST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Jon: Your points are well taken.

This will be the topic of a (I am sure) lively debate at Hot Topics.

I think the early enroliment in a period of instability may have greatly
influenced the findings- has there ever been an analysis showing saturation
excluding those who died in the first 24 hours- what impact of those on the median and tail?
Another difference in addition to those Neil cited: BOOST and COT

collected detailed saturation data only during the first 2 weeks-

after there are only snapshots, I believe for one day weekly,

when the baby was in oxygen for > 12 hours.

Finally COT continued on the study oximeter until discharge even if in RA,
SUPPORT and BOOST reverted to non-study oximeter when out of oxygen or
at 36 weeks, So it is not clear

to me that the saturation data are at all comparable.

From: Finer, Neil [nfiner@ucsd.edu}
Sent: Wednesday, November 20, 2013 1:24 AM
To: Tyson, Jon E; Wally Carlo, M.D.; richard.ehrenkranz@yale.edu; Roger Faix
(Bog.et.falx@]s_c.ula_h.esiu), Brad Yoder (Bradley.yoder@hsc.utah.edu);

; Frantz, Ivan; (EMcGowan@tufts-nemc.org); 'Duara, Shahnaz'
{SDuara@med.miami,edu); mgshea@m‘.uhmc.ﬁdu {suhas.kallapur@cchme,org); Abbot Laptook
(alaptook@wihri.org); Abhik Das (adas@ri.org); Ambal (ambat@uab.edu); Anna Maria Hibbs
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{(AnnaMaria.hibbs@cwru.edu); batbara_stoli@oz.ped.emory.edy; bpoindex@iupui.edy;
cad_dangio@umic.rachester.edy; Carlton, David P; cotte0) 0@mc.duke.edu; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (edward-bell@uiowa.edu); goldb008@mC.duke.edu; Greg Sokol
(gsokol@iypui,edu); Haresh Kirpalani (KIRPALANIH®@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (vanmeurs@stanford.edu); Kristi Watterberg (kwa&ettmm@sahdmedu), Kurt
Schibler [kurt.schibler@ochime.org]; Luc Brion (luc.brion@ytsouthwestern.eduy); Martin Keszler

(mkeszler@wihri.org); mow3@po.cwru.edu; Meena Garg (mgarg@mednet.udla.edy); Nelin, Leif;
Pable.Ganchez@UTSouthwestern.edy; Polin, Richard; Robin Ohls (rohls@salud.unm.edu);
Satyan Lakshmmrusm‘nha Schimidt, Barbara (Neonatology); Seetha

ronnie_quillet@urme.rochester.edu;
Shankaran ; Sood, Beena [bsood@med.wayne,edu]; Truog, Wllliam (MD), Uday Devaskar

(LLQEMASKAR@MEDNELMQLA.ED_U), wally Carlo (wacarlo@uab.edu)
Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to

understand the results and how they should be applied?

HilJon

This is a very thoughtful review

We need to remember a few differences between the trials

SUPPCORT enrolled essentially all comers into both arms, and there were 2 interventions, and this
enrollment occurred at birth and by 2 hours for the actual oximeter piacement

in fact alt were enrolled at birth and we excluded no infant after that

What that means however is not as obvious

The other trials had up to 18-24 hours and excluded infants who were unstable ete
BOOST excluded infants if they were thought unlikely to survive or to be available for foilow-up

COT excluded 182 infants not considered viable and a further 80 with pulmonary hypertension and
205 not thought to be available for follow-up

The results of this are likely seen in the Medians etc for actual SpO2

We had there are 13 infants {5 in the low target group and 8 in the high target group) with median
oxygen saturations below 80%.

All of these infants died within the first two days of life, 10 on day 1, and the number of hours of
oximeter data for each infant is limited: median 6.8 hours, IGR 4.4-13.2 hours, range 0.6-41.2 hours.
These infants contribute to the low medians and our tail in that direction and they afl died. None
would have been enrolled in the other trials. This may represent the tip of the iceberg in terms of
differences in outcome. Perhaps maintaining iower vs higher Sp02 on day 1 is critical. The
plausibility for this comes from the DR data regarding room air vs oxygen for the tem infant- in this
situation only minutes of oxygen exposure made a difference
Day 1 represents a very unstable period
In addition for sites that used the new algorithm, did they have a new conversion algorithm for the
calculation of the actual sat from the recorded sat?

We would not know because we did not have any oximeters with the new algorithm
In the original algorithm, as the Sp0O2 values move toward 85% there are a number of read values
that will not correspond to an actual individual real value
This alse occurs on the high end
fn addition this could result in the changes in read Sp02 occurring somewhat quicker
We did not believe that any caretakers were unblinded by these changes, but did they respond in
the same fashion using both hi and low oximeters?
| wondered whether the changes to the new algorithm were associated with increased or different
vigitance by the care teams
The PI'S don’t think so, and if | recall Barbara said that they did not know when this change was
made
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I believe that all sites used the same information to revert to normal values from read/stored vaiues
but | can’t be certain that in their actual analyses this was done

I do not know, as | said earlier if they used a different conversion scheme when they changed
calibration algorithms

Finally while we did not see an interaction between our 2 interventions, could there have been an
effect of our protocolized care for the infants { CPAP vs Surf) that affected our observations and
resuits

We did give surf in the first 1 hour to more than 50% of these infants, and this is also not replicated
in the other trials

At this point, | think all your suggestions are reasonable and we should remermber that our study
was guite different and much more compiex

In addition perhaps this is a reason that the other studies could have spent more time educating
their caretakers to keep the babies in a tighter range, while our teams had a complete respiratory
protocot to follow

More guestions than answers

Neil

From Tyson, Jon E [

Sent; Wednesday, November 20, 2013 12:43 AM

To: Wally Carlo, M.D.; Higgins, Rosemary (NIH/NICHD) [E]; richard.chrenkranz@yale.edu; Finer, Neil;
Roger Faix (BogenEam@bsc.utab.edu), Brad Yoder (Bradley,yoder@hsc.utah.edu);

dale phelps@ummc.rochester.edu; Frantz, Ivan; (EMcGowan@tufts-nemc.org); 'Duara, Shahnaz'
mgshea@_wtuhmc.gdu ); Abbot Laptook

(RDuara@med. miami.edu); (suhas, kallapur@cchme.org
(alaptook@wihri.org); Abhik Das (adas@rti,org); Ambal (ambal@uab.edu); Anna Maria Hibbs
barbara stoll@oz,ped.emory.edu; bpoindex@iupui.edu;

(AnnaMaria hibbs@cwi.edu);

carl_dangio@urme,rochester.edu; Carlton, David P; cotte010@mc.duke.edy;

dwallace@rti.org; Ed Bell (edmatdjaau@umﬂa.edu), goldb008@mc,.duke.edu; Greg Sokol
(asckol@iupui.edy); Haresh Kirpalani (KIRPALANIH®@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (vanmeurs@stanford.edu); Kristi Watterberg (kﬂaj:teme:g@saiud.unm.eﬂu), Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (luc brion@utsouthwesterg edu); Martin Keszler
(mkeszler@wihri.org); mew3@po.cwr.edy; Meena Garg {mgarg@mednet.ucla.edu); Nelin, Leif;
Pablo.Sanchez@UTSouthwestern.edu; Polin, Richard; Robin Ohls (rohls@salud.unm.edy);
ronnie_guillet@yrme, rochester.edu; Satyan Lakshmunrusumha, Schimidt, Barbara {Neonatolegy); Seetha
Shankaran ; Sood, Beena [bsood@med.wayne.edu]; Truog, William (MD); Uday Devaskar
(LLQEEASK&R@MEDNEI.LLCLA.EDU), Wally Carlo (wacaro@uab.edu); Finer, Neil

Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-89% saturation range will result in a higher overall mortality than the 91-95% sat
range. However, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficuilt to
reconcile and worthy of detailed discussion and review of the findings.

To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT (RR = 1.27 [1.01-1.60]; n =1318, all with the original algorithm). In contrast,
there was no evidence of increased death with use of allegedly the same aigorithm in either the first
phase of BOOST Il (RR =0.90 [0.70-1.15]; n=1259) or in the first phase of COT (OR = 1.00 {(0.63-1.58
[adjusted for center, as appropriate in SUPFPORT; total n =549). With the results in SUPPORT being just
barely significant, a meta-analysis of these results with the original algorithm would clearly not be
significant. While this finding ultimately could be good news that might possibly be of use in defending
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ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm.

in BOOST Il, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was introduced was highly significant (RR = 1.45 [1.15-1.84] n= 1182) and resulted in
a highly significant treatment x algorithm interaction. There was also a higher death rate in COT with the
lower saturation goal after the revised algorithm was introduced (OR = 1.23 [0.75-2.01]; n = 543); the OR
is high enough to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST Il and COT might well indicate an overall treatment by
algorithm interaction, a finding that of course would mean that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying ta explain why a higher mortality would occur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct.

Shoutdn't these results should make us concemed about the possibility that more than what we
understand changed between the first and revised algorithm? This concern prompts the following kind
of questions about SUPPORT that that | don't recall were addressed previously (though perhaps at a
Steering Committee | missed —if so, | apologize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of values for the
DISPLAYED oxygen saturation values for each group as shown on the monitors in SUPPORT?

We need to see if we all agree that SUPPORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-89% range as clearly documented by BOOST Il investigators in
their Figure 1 NEJM 2013; 368, (pg. 2096)?

The saturation distribufions would be derived from a very large number of observations in BOOST and in
SUPPORT. If the same himodal distribution is not present in BOOST and SUPPORT, we need to dig
further order to hetter understand the differences between the studies and be convinced that the
“original” algorithms were in fact identical. Ref COT, itis hard to discern {(at least to my eyes) from the
data presented in the manuscript or appendix whether a bimodal distribution occurred in that study
similar to that in BOOST; we might want to ask if the COT investigators can provide such curves from
what they collected, particularly if our distributions differ from those in BOOST. As | understand it, the
bimodal distribution is the expected result of the algorithm itself (the reason Massimo revised it in
response to the findings in BOOST) rather than the way NICU staff used the oximeters to adjust FiO2,,
right? If $0, the absence of a bimodal distribution in either COT or SUPPORT would prompt further
worry that the “original” algorithm was not exactly the same in SUPPORT, COT, and BOOST II.

2. How can we be certain that the method used fo calculate TRUE saturation curves (what we call the
“actual” saturation values in the SUPPORT figure 3) are correct and the same as in BOOST and COT
when the original algorithm was used? Is there a way independent of the company to determine this?

According to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradually reverted fo actual valties

when the measured value was outside the range of 85 to 95%.* [italics mine]. In SUPPORT (13! column
of page 1962}, we note oxygen saturation “...reverted to actual (nonskewed) values when it was less
than 84% or higher than 96%..” { The same is noted for COT.) Might the subtle difference in wording
reflect a subtle but important difference (or perhaps even a sizable unintended difference) in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and COT, the oxygen saturations curves are display in terms of the median

saturations for individual infants. Median values of course do not indicate the proportion of time
that infants had extreme value. Itis bard to compare the studies with respect to the proportion of
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time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low {or possibly even very high) saturations. Abhik can you send {or if | missed it, please resend)
figures for SUPPORT constructed like those in BCOST Il Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen,

4. Ref the generalizabiity of SUPPORT findings o current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the “actual” value
with both the original and revised algorithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note: “In conclusion, preterm infants born before 28 weeks’ gestation with a
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose treatment involved an oximeter-calibration algorithm simifar to that in
cumrent use” [italics mine]. It bothers me that the words aren't "...identical to that in current use,” Does
this bother anyone but me?

Visit us at www.UHhospitals.org.
The enclosed information is STRICTLY CONFIDENTIAL and is intended for the

use of the addressee only. University Hospitals and its affiliates disclaim
any responsibility for unauthorized disclosure of this information to anyone
other than the addressee.

Federal and Ohio law protect patient medical information, including
psychiatric_disorders, (H.1.V) test results, A .L.Ds-related conditions,
alcohol, and/or drug_dependence or abuse disclosed in this email. Federal
regulation (42 CFR Part 2) and Ohio Revised Code section 5122.31 and
3701.243 prohibit disclosure of this information without the specific
written consent of the person to whom it pertains, or as otherwise permitted
by law.
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From: Walsh, Michele

To: Wally Caro, M.D > Tyson, Jon E; Finer, Nejl

Cc: Abhik Das (Adas@®rti.org) (Adas@rtioig), Higeins, Rosemary (NIHNICHD} [E]; Kennedy, Kathicen A

Subject: RE: Reconciling SUPPORT, BOQST, AND COT: Do we have all the information needed to understand the results
and how they should be applied?

Date: Friday, November 22, 2013 2:31:51 PM

We also have the secondary by episodes of Intermittent
Hypoxia which is back into study section.

Michele Walsh

Chief Division of Neonatology
Rambow Babaes & Chaldrens |lospial
Professor of Pediatrics

Case Western Reserve University
LI Foclid Avenue, Mallstop 6UI0
Cleveland, (8T 441066010

email: michelewalsh@ownedu
Phone: (216) Kdd.33HT

Hax: (216) 844-3350

e
Aot Batiees. .
& Chgirga's Hosptal T e
T i SERATITRN TP Te
" Hosatais Bal
Cone WArpap o il

Froam: Wally Carlo, M.D. [mailto:WCarlo@peds.uab.edu]

Sent: Friday, November 22, 2013 2:25 PM

To: Tysen, Jon E; Walsh, Michele; Finer, Neil

Cc: Abhik Das (Adas@rti.org) (Adas@rti.org); Rose Higgins MD (higginsr@mail.nih.gov); Kennedy,
Kathleen A

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

fon:

We have a protocol for this secondary analysis. | think ) will have to draft a revised protoco! before
more analyses can be done other than the minor request on how to display the data by mean sats
rather than medians.

What you are suggesting is largely a major revision of the protocol that | believe requires a lot of
thought and may not be appropriate.

As | mentioned to you in the call, 1 have a grant application submitted to work with the three data
bases, not just SUPPORT. | have been working with Ben Stenson on Q02 sats analyses. { think it would
he best to coordinate and think this more carefully before we jump into multiple analyses.

Wally

From: Tyson, Jon E [mailto:Jon.E. Tyson@uth.tmc.edu]

Sent: Friday, November 22, 2013 1:00 PM

To: Wally Carlo, M.D.; Walsh, Michele; Finer, Neil

Cc: Abhik Das (Adas@rti.crg) (Adas@rti.org); Rose Higgins MD {higginsr@mail.nih.gov); Kennedy,
Kathieen A
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Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they shouid be applied?

Do you and the committee want to discuss whether it might be feasible and desirable to do
analyses restricted to infants alive at 24 hrs and compare the 3 studies with respect to 1) the “true”
oxygen saturation distribution to 36 wks by saturation group ; 2} RR for death for low vs, high sat
goal identified from regression equations that included as predictor variables treatment group and
center; and 3) RR for death for low and high oxygen sat group adjusted for center, treatment group,
and a few other variables, perhaps gestational age, FO2 at 24 h {or at close to it as possible), and
vent support (yes, no or MAP if available)?

More simply, the committee could also consider doing an additionat analysis restricted to SUPPORT
with infants classified according to severity of illness at or near enrollment (high or lower based on
first FiO2 x MAP ) and assess whether there is evidence of a treatment x severity of illness
interaction on the RR for death with low vs high sat goals. Evidence that the effect of the saturation
goal in the sickest infants differed from that in less sick infants might help explain the differences
between studies and might be a reasonable analysis to do even if the studies had altogether similar
results.

As Wally and | discussed and as | said in my e mail, he may well he correct that these differences
between studies in the findings may all due to the play of chance. There are some differences from
the trials with antenatal steroid trials in 1) The variability across the antenatal steroid trials reflects
the small size of the trials. {The largest trial the Liggins trial (n=1079), resulted in a risk difference
virtually identical to that of the meta analysis, The average number of total patients in the other
trials was only 180 patients, much smaller than BOOST, COT, and SUPPORT; and 2} the meta-
analysis of the antenatal steroid trials didn’t identify evidence of a heterogeneous treatment effect
whereas there may be a treatment x algorithm interaction in a proper meta-analysis of the
saturation trials that in contrast to the steroid meta-analysis might make it difficult to come up with
a meaningful overall effect size.

From: Wally Carlo, M.D. [mailto:WCarlo@peds.uabedu]
Sent: Wednesday, November 20, 2013 12:59 PM

To: Walsh, Michele; Finer, Neil; Tyson, Jon E

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Michele and Nejt:

You raise important points. | agree it is difficult to try to use comparisons of saturation data to argue
the results of 5 trials and almost 5000 babies.

This is reminiscent of the antenatal steroids controversies which delayed ramping up antenatal
steroids treatment for decades.

Wally
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Wally Carlo, #.0.

Edwin M. Dixon Professar of Pediatrics
University of Alabama at Birmingham
Director, Division of Neonatology
Director, Newhorn Nurseries

1700 6th Avenue South

176F Suite S380R

Birmtingham, Al 35233-7335

Phone: 205 934 4680

FAX: 205 934 3160

Cell:](b)(6)

From: Walsh, Michele [mailto:Michele. Walsh@UHhospitals.org)

Sent: Wednesday, November 20, 2013 6:57 AM

To: Finer, Neil; Wally Carlo, M.D.; Tyson, Jon E [lon.E.Tyson@uth.tmc.edu]

Subject: RE: Reconciling SUPPCRT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Jon: Your peoints are wel! taken.

This will be the topic of a {1 am sure) lively debate at Hot Topics.

1 think the early enroliment in a period of instability may have greatly
influenced the findings- has there ever been an analysis showing saturation
excluding those who died in the first 24 hours- what impact of those on the median and tail?
Another difference in addition to those Neil cited: BOOST and COT

collected detailed saturation data only during the first 2 weeks-

after there are only snapshots, 1 believe far one day weekly,

when the baby was in oxygen for > 12 hours.

Finally COT continued on the study oximeter until discharge even if in RA.
SUPPORT and BOOST reverted to non-study oximeter when out of oxygen or
at 36 weeks. Sq it is not clear

to me that the saturation data are at all comparable.

From: Finer, Neil {nfiner@ucsd.edu]

Sent: Wednesday, Novemnber 20, 2013 1:24 AM
To: Tyson, Jon E; Wally Carlo, M.D.; richard . ehrenkranz@vale.edu; Roger Faix

(Roger. Faix@hsc,utah.edu); Brad Yoder {Bradley.yoder@hsc,utah.edu);
dale_phelps@urmc.rochester.edy; Frantz, Ivan; (EMcGowan@tufts-nemc.org); ‘Duara, Shahnaz'
(SDuara@meqd.miami.edu); meshea@wfubme.edu; (suhas.kallapur@cchme.ora); Abbot Laptook
(alaptook@wibri,org); Abhik Das (adas@rti.org); Ambal (ambal@uab.edy); Anna Maria Hibbs
AnnaMaria,hibbs@cwru.edu); barbara_stoll@oz.ped.emory.edu; bpoindex@iupui.edu;

{

carl_dangio@urme.rochester.edu; Carfton, David P; cofteQ10@mc.duke.edu; dstevenson@stanford,edu;
dwallace@rti.org; Ed Bell (ﬁdﬂatd_beﬂ@umma.eﬂu), goldb008@mc.duke.edu; Greg Sokol
(gsokal@iypui.edu); Haresh Kirpalani (KIRPALANIH@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (vanmeurs@stanford.edy); Kristi Watterberg (kwatterberg@salud.unm.edu); Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (lug, brion@utsouthwestern,edu); Martin Keszler
(mkeszler@wihri.org); mow3@po.cwru.edu; Meena Garg (mgarg@mednet.licla.edu); Nelin, Leif;
Pablo.Sanchez@UTSouthwestern.edu; Poiin, Richard; Robin Ohls (rohls@salud.unm.edy);
ronnie_guillet@urme.rochester.edy; Satyan Lakshminrusimba; Schmidt, Barbara (Neonatology); Seetha
Shankaran ; Sood, Beena [bsood@med.wayne.edu]; Truog, William {MD); Uday Devaskar
{UDEVASKAR@MEDNET UCLA EDU); Waliy Carlo (wacarlo@®@uab.edu)

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Hi Jen
This is a very thoughtful review
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We need to remember a few differences between the trials

SUPPORT enrolled essentially all comers into both arms, and there were 2 interventions, and this
enrollment occurred at hirth and by 2 hours for the actual oximeter placement

In fact all were enrolled at birth and we excluded no infant after that

What that means however is not as obvious

The other trials had up to 18-24 hours and excluded infants who were unstable etc

BOOST excluded infants if they were thought unlikely to survive or to be available for follow-up

COT excluded 182 infants not considered viable and a further 80 with pulmonary hypertension and
205 not thought to be available for follow-up

The results of this are likely seen in the Medians etc for actual Sp02

We had there are 13 infants (S in the low target group and 8 in the high target group) with median
oxygen saturations below 80%.

All of these infants died within the first two days of life, 10 on day 1, and the number of heours of
oximeter data for each infant is limited: median 6.8 hours, IQR 4.4-13.2 hours, range 0.6-421.2 hours.
These infants contribute to the low medians and our tail in that direction and they all died. None
would have been enrolled in the other trials. This may represent the tip of the iceberg in terms of
differences in outcome. Perhaps maintaining lower vs higher SpO2 on day 1 is critical. The
plausihility for this comes from the DR data regarding room air vs oxygen for the tem infant- in this
situation only minutes of oxygen exposure made a difference

Day 1 represents a very unstable period

In addition for sites that used the new algorithm, did they have a new conversion algorithm for the
calculation of the actual sat from the recorded sat?

We would not know because we did not have any oximeters with the new algorithm

In the original algorithm, as the Sp0O2 values move toward 85% there are a number of read values
that will not correspond to an actual individual real value

This also occurs on the high end

in addition this could result in the changes in read Sp0O2 occurring somewhat quicker

We did not believe that any caretakers were unblinded by these changes, but did they respond in
the same fashion using both hi and low oximeters?

| wondered whether the changes to the new algorithm were associated with increased or different
vigilance by the care teams

The PI'S don’t think so, and if | recall Barbara said that they did not know when this change was
made

I believe that all sites used the same information to revert to normal values from read/stored values
but | ¢cant be certain that in their actual analyses this was done

| do not know, as | said earlier if they used a different conversion scheme when they changed
calibration algorithms

Finally white we did not see an interaction between our 2 interventions, could there have been an
effect of our protocolized care for the infants { CPAP vs Surf] that affected our observations and
results

We did give surf in the first 1 hour to more than 50% of these infants, and this is also not replicated
in the other trials

At this point, { think all your suggestions are reasonable and we should remember that our study
was quite different and much mere complex

In addition perhaps this is a reason that the other studies could have spent more time educating
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their caretakers to keep the bables in a tighter range, while our teams had a complete respiratory
protocol to follow

More questions than answers

Neil

From: Tyson, Jon E
Sent: Wednesday, November 20, 2013 12:43 AM

To: Wally Carlo, M.D.; Higgins, Rosemary (NIH/NICHD) [E); richard.ehrepkranz@vyale.edy; Finer, Neil;
Roger Faix (qugtfam@bsf;._uj;ahmu), Brad Yoder (

dale_phelps@urmc,rochester.edu;

)
Frantz, Ivan; (EMcGowan®@®tufts-nemc.org); 'Duara, Shahnaz'
); Abbot Laptook

(SDuara@med.migmi.edu); mashea@_wﬁ.lbmc.edu {suhas.kallapur@cchme.org
(alaptook@wihri.org); Abhik Das (adas@rti.org); Ambal (ambal@uab.edu); Anna Maria Hibbs
{(AnnaMaria.hibbs@cwru.edu); barbara stoll@oz.ped.emory.edy; bpoindex@tupui.edu;
caﬂ_damm@utmgmnesiet.edu Carlton, David P; cotte010@me.duke.edu; dstevepson@stanford.edu;
dwallace@rti.org; Ed Bell (edward-beli@uiowa,edu); goldb008@mC.duke.edu; Greg Sokol
(gsokal@jupui.edy); Haresh Kirpalani (KIRPALANIH@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (vanmeurs@stanford.edu); Kristi Watterberg (kwatterberg@salud.unm.eduy); Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (luc, brion@utsouthwestern.edu); Martin Keszler
(mkeszler@wihri.org); mew3@po.cwru.edu; Meena Garg (mgarg@mednet.ucla.edy); Nelin, Leif;

Pablo.Sanchez@UTSouthwestem.edy; Polin, Richard; Robin Ohls (rohls@galud.unm.edu);
Satyan Lakshminrusimha; Schmidt, Barbara (Neonatology); Seetha

ronnie guiflet@urme. rochester.edu;
Shankaran ; Sood, Beena [bsood@med.wayne.edu); Truog, William (MD); Uday Devaskar

{UDEVASKARGMEDNET. UCL A FDU); Wally Carlo (wacario@uab.edu); Finer, Neil
Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to

understand the results and how they should be applied?

As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-89% saturation range will result in a higher overall mortality than the 91-95% sat
range. However, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficult to
reconcile and worthy of detailed discussion and review of the findings.

To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT (RR = 1.27 [1.01-1.60]; n =1316, all with the original algorithm). In contrast,

there was no evidence of increased death with use of allegedly the same algorithm in either the first
phase of BOOST Il (RR =0.90 [0.70-1.15]; n=1259) or in the first phase of COT (OR =1.00 (0.63-1.59
[adjusted for center, as appropriate in SUPPORTS; total n =549). With the results in SUPPORT being just
barely significant, a meta-analysis of these results with the original algorithm would clearly not be
significant. While this finding ultimately could be good news that might possibly be of use in defending
ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm,

In BOOST I}, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was introduced was highly significant (RR = 1.45 [1.15-1.84) n= 1182) and resulted in
a highly significant treatment x algorithm interaction. There was also a higher death rate in COT with the
lower saturation goal after the revised algorithm was introduced (OR = 1.23 [0.75-2.01]; n = 543); the OR
is high enough to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST Il and COT might well indicate an overall treatment by
algorithm interaction, a finding that of course would mean that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying to explain why a higher mortality would eccur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct.
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Shouldn’t these results should make us concerned about the possibility that more than what we
understand changed between the first and revised algorithm? This concern prompts the following kind
of questions about SUPPORT that that | don't recall were addressed previously {though perhaps at a
Steering Committee | missed —if so, | apolegize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of values for the
CISPLAYED oxygen saturation values for each group as shown on the menitors in SUPPORT?

We need to see if we all agree that SUPPORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-85% range as clearly documented by BOOST [l investigators in
their Figure 1 NEJM 2013; 368, (pg. 2096)7?

The saturation distributions would be derived from a very large number of observations in BOOST and in
SUPPORT. If the same bimodal distribution is not present in BOOST and SUPPORT, we need to dig
further order to better understand the differences between the studies and be convinced that the
“original" algorithms were in fact identical. Ref COT, it is hard to discemn (at least to my eyes) from the
data presented in the manuscript or appendix whether a bimodal distribution eccurred in that study
similar to that in BOOST; we might want to ask if the COT investigators can provide such curves from
what they collected, particutarly if cur distributions differ from those in BOOST. As | understand it, the
bimodal distribution is the expected result of the algorithm itself {the reason Massimo revised it in
response to the findings in BOOST) rather than the way NICU staff used the oximeters to adjust FiQ2,,
right? If so, the absence of a bimodal distribution in either COT or SUPPORT would prompt further
worry that the “original” algorithm was not exactly the same in SUPPCRT, COT, and BOOST II.

2. How can we be certain that the method used to calculate TRUE saturation curves (what we call the
“actual® saturation values in the SUPPORT figure 3} are correct and the same as in BOOST and COT
when the original algorithm was used? Is there a way independent of the company to determine this?

According to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradually reverfed to actuaf valies

when the measured value was outside the range of 85 to 95%." [italics mine]. In SUPPORT (1 st column
of page 1962), we note oxygen saturaticn “...reverted to actual (nonskewed) values when it was less
than 84% or higher than 96%.." { The sarne is noted for COT.} Might the subtle difference in wording
reflect a subtle but important difference (or perhaps even a sizable unintended difference) in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and COT, the oxygen saturations curves are display in terms of the median
saturations for individual infants. Median values of course do not indicate the proportion of time
that infants had extreme value. It is hard to compare the studies with respect to the proportion of
time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low {or possibly even very high) saturations. Abhik can you send (or if | missed it, please resend)
figures for SUPPORT constructed like those in BOOST H Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen,

4. Ref the generalizabiity of SUPPORT findings to current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the “actual” value
with both the original and revised algorithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note: "ln conclusion, preterm infants born before 28 weeks' gestation with a
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose treatment involved an oximeter-calibration algorithm simifar to that in
current use" [italics mine]. It bothers me that the words aren't "...identical to that in current use," Does
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this bother anyone but me?

Visit us at www,UHhospitals.org.

The enclosed information is STRICTLY CONFIDENTIAL and is intended for the
use of the addressee only. University Hospitals and its affiliates disclaim
any responsibility for unauthorized disclosure of this information to anyone
other than the addressee. '

Federal and Ohio law protect patient medical information, including
psychiatric_disorders, (H.I.V) test results, A.1.Ds-related conditions,
alcohol, and/or drug_dependence or abuse disclosed in this email. Federal
regulation (42 CFR Part 2) and Ohio Revised Code section 5122.31 and
3701.243 prohibit disclosure of this information without the specific
written consent of the person to whom it pertains, or as otherwise permitted
by law.

Visit us at www.UHhospitals.org,

The enclosed information is STRICTLY CONFIDENTIAL and is intended for the
use of the addressee only. University Hospitals and its affiliates disclaim
any responsibility for unauthorized disclosure of this information to anyone
other than the addressee.

Federal and Ohio law protect patient medical information, including
psychiatric_disorders, (H.L.V) test results, A.I.Ds-related conditions,
alcohol, and/or drug_dependence or abuse disclosed in this email. Federal
regulation (42 CFR Part 2) and Ohio Revised Code section 5122.31 and
3701.243 prohibit disclosure of this information without the specific
written consent of the person to whom it pertains, or as otherwise permitted
by law,
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From: Higgins, Rosemary (NIH/NICHD [E]

To: Raiu, Tonse (NJH/MICHDY [E]; Guttmacher, Alan {(NIH/NICHD) [E]; Maddox, Yvonne (NIH/NICHDS [E]: Spang,
Lathering (NIH/NICHD) [E] (spongc@dird9.nichd.nih.gov); Rowe. Mona (NIH/NICHD) [E]; Wilinger, Mariaa
ANIH/MICHD [E]

Subject: FW: Janvier's commentary

Date: Friday, November 22, 2013 11:11:53 AM

Attachments: Janyier's commentary.pdf

The American journal of Bicethics has an entire tssue devoted to the SUPPORT Trial - see the note
and article below from Dr. Janvier.

Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginst@rmail.n

From: Wally Carlo, M.D. [mailto:WCarle@peds.uab.edu)

Sent: Friday, November 22, 2013 10:41 AM

To: Higgins, Rosemary (NIH/NICHD) [E]; (apappas@med.wayne.edu); (EMcGowan@tufts-nemc.org);
Allisan Payne; a Duncan (AFDuncan@salud.unm.edu); Betty Vohr (bvohr@wihri.org); Brenda
Paindexter;|(b)(6) :baol.com; Gary Myers (gary_myers@URMC.Rochester.edu);
golds005@mc.duke.edu; Hallam Hurt (hurt@email.chop.edu}; Howard Kilbride (hkilbride@cmh.edu); ira
adams-chapman; Isabell Purdy (ipurdy@mednet.ucla.edu); JaFuller@salud. unm. edu
(JaFuller@salud.unm.edu); Jean Steichen (steichjj@uc.edu); Keith Yeates
{Keith.Yeates@naticnwidechildrens.org); Kim Yolton; Marsha Gerdes {gerdes@email.chop.edu); Martha
Colson; Myriam Peralta, M,D.; Patrick Jones; richard.ehrenkranz@yale.edu; Roy Heyne; Soraya Abbasi
(scraya.abbasi@uphs.upenn.edu); Susan Hintz; Tarah Colaizy (tarah-colaizy@uiowa.edu); Yvonne
Vaucher

Cc: Archer, Stephanie (NIH/NICHD) [E]; (mcunningham@rti.org); newman@rti.org;
{suhas.kallapur@cchmc.org); Abbot Laptock (alaptook@wihri.org); Abhik Das (adas@rti.org); Ambal
(ambal@uab.edu); Anna Maria Hibbs (AnnaMaria.hibbs@cwru.edu); barbara_stoll@oz.ped.emory.edu;
carl_dangio@urmc.rochester.edu; Carlton, David P; cotte010@mc.duke.edu; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (edward-bell@uiowa.edu); goldb008@mc.duke.edu; Greg Sokol
{gsokol@iupui.edu); Haresh Kirpalani (KIRPALANIH@email.chop.edu); John Barks;
Jon.E.Tyson@uth.tmc.edu; Kennedy, Kathleen A; Krisa Van Meurs (vanmeurs@stanford.edu); Kristi
Watterberg (kwatterberg@salud.unm.edu); Kurt Schibler [kurt.schibler@cchme.org]; Luc Brion
(luc.brion@utsouthwestern.edu}; Martin Keszier {(mkeszler@wihri.org); mew3@po.cwru.edu; Meena Garg
{mgarg@mednet.ucla.edu); Myra Wyckoff {Myra.wyckoff@utsouthwestern.edu); Nelin, Leif; Pablo
Sanchez {pablo.sanchez@nationwidechildrens.org); Palin, Richard; Robin Ohls (rohls@salud.unm.edu);
ronnie_guillet@urmec.rochester.edu; Satyan Lakshminrusimha; Schmidt, Barbara (Neonatology); Seetha
Shankaran ; Truog, William (MD); Uday Devaskar (UDEVASKAR@MEDNET.UCLA.EDU); Wally Carlo
(wacarlo@uab.edu)

Subject: Janvier's commentary

See the attached commentary by Annie Janvier. Have a great weekend.
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Wally

From: annie janvier [majlml(b)(ﬁ) [ ' ]

Sent: Friday, November 22, 2013 8:17 AM

To: edward bell iowa; Wally Carlo, M.D.; neil finer; PAS O Shea
Subject: support trial, my comment

the Al of Bioethics just published some articles about Support and there are a couple of
commentaries. .

This saga with support has bothered me as a neonatologist, even more as an ethicist {bad press for
ethicists in my opinion, many displays of mediocre thinking) but has really hurt me as a parent to
see how one could quickly sabotage great research initiatives done by those who care.

| wrote one of of the articles.
http.//www nebi.ntm.nih.ecv/pubmed/24256537

I just want all of the SUPPORT investigators to know that my heart goes to researchers like you.
Without people like you,[(b)(6)
Annie

Wally Carlo, M.D.

Edwin M, Dixon Professor of Pediatrics
University of Alabama at Birmingham
Director, Division of Neonatology
Director, Newhorn Nurseries

1700 6th Avenue South

176F Suite 9380R

Birmingham, AL 35233-7335

Phone: 205 534 4680

FAX: 205 934 3100
celi{(0)(6)
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Informed Consent and Disclosure

In Support of SUPPORT: Ignorance and
Mistrust Can Harm Babies and Families

Annie Janvier, University of Montreal and Sainte-Justine Hospital

I am a neonatologist, a clinical investigator, and a clinical
ethicist. I am also the mother of Violette, who was born at
24 weeks of gestational age. Violette participated in many
clinical trials. We did not consent to trials because we are
researchers. We did not consent to the trials altruistically
out of a desire to help others. We consented because we are
Violette’s parents and we love her. We know enough about
trials to know that the outcomes for babies are often better
when they are in research projects than when they are not
(Vist et al. 2008}.

It is troubling that many critics of SUPPORT, inctud-
ing Macklin and colleagues, don’t seem to have spent any
time in an necnatal intensive care unit (NICU), enquired
about NICU protocols, or observed communication be-
tween neonatologists and parents. They don't seem to un-
derstand either routine NICU care or what it means to be
in a large clinical trial in neonatology (Macklin et al. 2013a;
2013b; 2013¢).

The Canadian Oxygen Trial had not started when Vi-
olette was born. If it had been, Violette would have been
enrolled. At that time, if I'd had a choice, [ would have
chosen the low saturation group, using my gut feeling. I
would have been wrong. I am grateful that clinical inves-
tigators have recognized and acknowledged that our clini-
cal judgments and “doing what we think standard of care
should be” are often wrong. Babies and their parents de-
serve more. When scholars proclaim that “Recognition of
the investigator—physician conflict of interest runs long and
deep and while yet poorly managed, we cannot ignore it.
Butitis ... the doctors, and not the researchers, who have a
fiduciary obligation and long-standing ethic to pursue the
patient’s best interests above all other considerations,” it
demonstrates that they do not understand in what context
large neonatal clinical trials are being done.

When actors play the role of doctors or parents, they
spend months in a hospital. Medical anthropologists and
journalists who report on neonatal outcomes also spend a
considerable amount of time in NICUs. It is a shame this
strive for excellence is not universally present for scholars
in bioethics, who are in privileged and important positions.
Had they been present for a significant amount of time
in an NICU with any of the SUPPORT frial investigators,
they would have learned valuable things. They would have
noted that clinical investigators in NICUs are neonatologists
whose experience has taught them how often neonatologists
have been wrong in their deeply held beliefs. They might
have understood that in the intensive care world, “normal”

values (Pa02, PaCO2, pH, BF, hemoglobin, etc.) have often
been proved harmful; this has led intensivists to do less in-
tervention:; fewer intubations, less surfactant, fewer central
lines, less antibiotics, fewer transfusions, fewer surgeries,
and so on. This “gentler care” has improved outcomes.

The bioethics scholars could have observed how neona-
tologists interact with parents. They would have seen how
tiny a preterm infant is, how the pulse oximefer is twice as
big as she is. They would have been exposed to NICU proto-
cols: Personalized care implies titrating the oxygen for each
baby using protocols, not by having different oxygen targets
for different babies. They would have observed how both
parents and doctors are obsessed with oxygen saturation
numbers, with alarms constantly ringing. They would have
also seen babies die, how they become mottled and purple;
and their parents holding them, alternating between bouts
of crying that sometimes lock like seizures and moments of
immobility and emptiness. They would have seen a neona-
tologist in the room, sometimes holding a mother’s hand,
other times being present at the baptism. As a neonatologist
{and a clinical investigator), I feel intense loyalty to my pa-
tients. I show that loyalty by telling patients what we know
and what we don’t know. We are loyal first to the babies,
not to the research study. We share a commitment to im-
proving outcomes for babies by treating each baby to the
best of our ability. That sometimes means enrolling babies
in well-designed research projects.

The SUPPORT trial could have been conducted using
different strategies: (1) Waiver of consent: This has the ad-
vantage of being less costly (less money going for nonpar-
ticipants and research question answered quicker) and truly
representative (Rich et al. 2012) but the disadvantage of not
being considered “ethical” by many. (2) Thorough informed
consent: This has the advantage that an irreproachable “eth-
ical” approach to research is being used but the disadvan-
tage of not being as representative (Rich et al. 2012} and
much more costly. (3} Opt-out approach: This option could
have had the advantages of both previously mentioned
approaches. As a parent who has experienced a delivery
at 24 weeks and the ups and downs of the NICU, I would
favor the opt-out approach. As a neonatologist, I would
favor the same. As a researcher, [ would choose thorough
informed consent to protect myself and my institution. This
is the only item where I think differently as a neonatologist
than as a clinical investigator. There are now so many safe-
guards to conduct necnatal research that I wonder whether
we are protecting hospitals or patients. Are we are trying

Address correspondence to Annie Janvier, MD, PhD, 3175 Chemin Cote-Sainte-Catherine, Montreal (QC), H3T 1C5, Canada. E-mail:

anniejanvier@hotmail.com and annie janvierhsj@ssss.gouv.qe.ca

December, Volume 13, Number 12, 2013

ajob- 43

4-02215 02215




Downloaded by [University of Alabama at Birmingham] at 07:20 22 November 2013

This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

The American Journal of Bivethics

to satisfy “The Law,” “The Ethicists,” and “The IRB,” more
than parental needs? How do parents of preterm infants
want their babies to be protected? Which do they fear mast:
research or nonvalidated therapv? We are faced with the
opinions of those who think about these issues, and the
opinions of those who speak to these parents every day
and also think abeut these issues. Amazingly, nobody has
investigated the opinion of the parents!

SUPPORT has attracted more attention than many other
trials. I suspect that onc of the reasons is because it involves
oxygen. Oxygen is not like other interventions. Oxygen has
a psychological impact on individuals that other medica-
tions do not have: It is perceived as life. Some authars have
compared the low-saturation arm to “asphyxia” or “chok-
ing” the babics. { think the study would not have been
nearly as controversial il the excess mortality happened in
the “high-saturation arm.”

Clinical rescarchers understand the need for regula-
tion and oversight. These prevent individuals from caus-
ing harm to patients by doing dangerous and rash things.
Institutional review boards and government regulations in-
sure the safety of vulnerable patients. Many unethical re-
scarchers have abused paticnts. There were no laws about
rescarch in the past. Since then, a plethora of protections
have been implemented. The pendulum has shifted dras-
tically. In this controversy, we've seen that reckless cthical
speculation by people who don’t understand neonatology
or clinical research can also be harmiful. In this controversy,
one has to wonder where the conflicts of interest lic. Aca-
demic cthicists seem oblivious to their own "divided loyal-
ties.” Their primary source of income is not through clin-
ical care. They need visibility. Academic cthicists advance
their careers by creating controversies. These garner them
invitations to sprak at conferences, write articles, and ob-
tain grants. If they demonstrate that clinical investigators
have conflicted interests and need additional guidance to

ethically lead research, they are generating cmployment
prospects.

Academic ethicists have realized that they can paralyze
research. With this power comes the duty to excel. This de-
mands collaboration and trust in clinical investigators; this
demands humility and curiosity. To suggest that clinician-
investigators have divided loyalties and sometimes feel a
conflict between what is good for a baby and what Is good
for a study is a serious charge. It alters the trust parents
have in the medical system when they are the most vulner-
able. It paralyzes further improvements in neonatal care.
The consequences of a bad film or bad anthropological re-
search do not have the negative impact mediocre articles
in research ethics have. Perhaps it is time 1o regulate the
regulators. @
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Community Engagement: Critical to
Continued Public Trust in Research

Emily E. Anderson, Loyola University of Chicago
Stephanie Solomon, Saint Louis University

The three target articles in this issue focus on flaws in the in-
formed consent process in the SUPPORT study and the need
(or perhaps different standards of disclosure for research in-
volving treatments that are already available {or “standard
of care” treatments). Echoing the recent groundswell of sup-
port for community-engaged and patient-centered research

(Institute of Medicine 2013), Wilfond (2013) raises the im-
portance of engaging the public as “critical to interpreting
federal policy for the protection of human subjects in ways
that are acceptable to all and that further the public inter-
est.” We enthusiastically agree, and would like to explore
whether public engagement could have changed the course
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Frotn; Las, Abhik

To: Tyson, Jon E; Higgins, Rgsemary (NIH/NICHD) (E]

Cce watarlo@yab edy; pfiner@ucsd.edu

Subjectz RE: Recondling SUPPORT, BOOST, AND COT: Do we have all the information needed to understand the results
and how they should be applied?

Date: Wednesday, November 20, 2013 9:42:03 PM

Great, thanks for letting me know.
Abhik

From: Tyson, Jon E [Jon.E. Tyson@uth.tmc .edu]

Sent: Wednesday, November 20, 2013 08:14 PM Eastern Standard Time

To: Higgins, Rosemary (NIH/NICHD) [E]

Cc: Das, Abhik; Wally Carlo (wacarlo@uab.edu) (wacarlo@uab.edu); nfiner@ucsd.edu
Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information
needed to understand the results and how they should be applied?

Thanks, Abhik, for sending analyses previously done by Marie.

| called Wally and had a long discussion that | very much appreciate. He indicated that a number of
the analyses requested were already done and will indicate ones that haven’t been done. More
later.

From: Tyson, Jon E

Sent: Wednesday, November 20, 2013 11:26 AM

To: 'Higgins, Rosemary (NIH/NICHD) [E]'

Cc: Abhik Das (Adas@rti.org) (Adas@rti.org); Wally Carlo {wacarlo@uab.edu) (wacarlo@uab.edu);
‘nfiner@ucsd.edu’

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Rose, as | would think the Steering Committee would agree, a separate proposal should be
unnecessary. | understand the prior analyses were done by Marie without a separate proposal or
without formal prior review and agreement by the subcommittee. Furthermore, RTI does lots of
analyses at their discretion, as is appropriate and for many proposals, necessary when the specific
analyses for secondary or even primary cutcomes were not specified in the proposals. Likewise,
RTI at their discretion or at the discretion of the subcommittee can run analyses of the kind
suggested.

With the impertant, unexplained and conflicting results between multiple international trials using
the same saturation targets, such analyses of the kind are clearly needed to better understand
what may be the Network’s most important trial. | raise my questions to the Steering Committee
and the SUPPORT subcommittee to consider.

From: Higgins, Rosemary (NIH/NICHD) {E] ilto:higgi iL.ni ]

Sent: Wednesday, November 20, 2013 10:40 AM

To: Tyson, Jon E

Cc: Abhik Das (adas@rtiorg); ‘Wally Carlo, M.D."; pfiner@ucsd.edu

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
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understand the results and how they should be applied?

Jon

Can you send a proposal that the SUPPORT subcommittee can review? After discussion by the
subcommittee, Marie Gantz had looked at some actual oxygen saturation data awhile ago. Thereis
a huge amount of data as saturation recordings were done every 10 seconds. The updated proposal
templates are at:

Thanks

Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4803

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

From- Tvson, Jon E [maﬂm..]gn.ﬁ.lmn.@uuumc.edu]

Sent: Tuesday, November 19, 2013 6:43 PM

To: Wally Carlo, M.D,; ngglns, Rosemary (NIH/NICHD) [E]; d
pfiner@ucsd.edu; Roger Faix (Roger. Faix@hsc.utah.edu); Brad Yoder (Bradley.yoder@hsc,utah.edu)
dale_phelps@urmc.rochester.edy; Frantz, Ivan; (EMcGowan@tufts-neme,org); 'Duara, Shahnaz'
(SRuara@med.miami.edu); mgshea.@mmgdu (suhas kallapur@cchme.org); Abbot Laptook
(alaptook@wihri.org); Abhik Das (adas@rti.org); Ambal (ambal@uab.edu); Anna Maria Hibbs
AnnaMaria.hibbs@cwru.edu); barbara_stoll@oz.ped.emory.edu;

{ bpoindex@iupui.eduy;
carl_dapgio@urme,rochester.edu; Carlton, David P; cotte010@mc,duke.edy; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (ﬂdhﬂand_b_ell@uma.ﬂdu), goldb008@mc.duke.edu; Greg Sokol
(gsokol@iupui.edu); Haresh Kirpalani (KIRPALANIH@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (Yyanmeurs@stanford.edu); Kristi Watterberg (kwattemel:g.@salud.unm..edu), Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (lug brion@utsoythwestern.edu); Martin Keszler
(mkeszler@wihri.org); mew3@po.cwru.edy; Meena Garg (mgarg@mednet.ucla.edu); Nelin, Leif;
Pablo.Sanchez@UTSouthwestern.eduy; Polin, Richard; Robin Ohls (rohis@salud,unm.edu);

rongie guillet@urmec,rochester.edy; Satyan Lakshmunrusnmha Schmidt, Barbara (Neonatology); Seetha
Shankaran ; Scod, Beena [bsood@med.wayne.edu); Truog, Wllllam (MD); Uday Devaskar
{UDEVASKAR@MEDNET,UCLA.EDU); Wally Carlo (wacarlo@uab.edu); nfiner@ucsd.ecu

Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the resuits and how they should be applied?

.
r

As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-89% saturation range will result in a higher overall mortality than the 91-95% sat
range. Howaver, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficult to
reconcile and worthy of detailed discussion and review of the findings.
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To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT (RR = 1.27 [1.01-1.60]; n =1318, all with the original algorithm). In contrast,
there was no evidence of increased death with use of allegedly the same algorithm in either the first
phase of BOOST Il (RR =0.90 [0.70-1.15); n=1258) or in the first phase of COT (OR = 1.00 (0.63-1.59
[adjusted for center, as appropriate in SUPPORT; total n =549). With the results in SUPPORT being just
barely significant, a meta-analysis of these results with the original algorithm would clearly not be
significant. While this finding ultimately could be good news that might possibly be of use in defending
ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm.

In BOOST II, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was introduced was highly significant (RR = 1.45 {1.15-1.84] n= 1182} and resulted in
a highly significant treatment x algorithm interaction. There was also a higher death rate in COT with the
lower saturation goal after the revised algorithm was introduced (CR = 1.23 [0.75-2.01]; n = 543); the OR
is high enough to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST |l and COT might weli indicate an overall treatment by
algorithm interaction, a finding that of course would mean that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying to explain why a higher mortality would occur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct.

Shouldn't these results should make us concerned about the possibility that more than what we
understand changed between the first and revised algorithm? This concern prompts the following kind
of questions about SUPPORT that that | don't recall were addressed previously (though perhaps at a
Steering Committee | missed —if 50, | apologize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of values for the
DISPLAYED oxygen saturation values for each group as shown on the monitors in SUPPORT?

Wae need to see if we all agree that SUPPORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-89% range as clearly documented by BOOST Il investigators in
their Figure 1 NEJM 2013; 368, (pg. 2096)?

The saturation distributions would be derived from a very large number of observations in BOOST and in
SUPPORT. If the same bimodal distribution is not present in BOOST and SUPPORT, we need to dig
further order to better understand the differences between the studies and be convinced that the
“original® algorithms were in fact identical. Ref COT, it is hard to discern (at least to my eyes) from the
data presented in the manuscript or appendix whether a bimodal distribution occurred in that study
similar to that in BOOST; we might want to ask if the COT investigators can provide such curves from
what they collected, particularly if our distributions differ from those in BOOST. As | understand it, the
himodal distribution is the expected result of the algorithm itself (the reason Massimo revised it in
response to the findings in BOOST) rather than the way NiCU staff used the oximeters to adjust FiO2,,
right? [f so, the absence of a bimodal distribution in either COT or SUPPORT would prompt further
worry that the “original” algorithm was not exactly the same in SUPPORT, COT, and BOOST H.

2. How can we be certain that the method used to calculate TRUE saturation curves (what we call the
“actual” saturation values in the SUPPORT figure 3) are correct and the same as in BOOST and COT
when the original algorithm was used? |s there a way independent of the company to determine this?

Accerding to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradualfy reverted to actual vaiues

when the measured value was outside the range of 85 to 95%." [italics mine]. In SUPPORT (1% column
of page 1962), we note oxygen saturation “...reverted to actual (nonskewed) values when it was less
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than 84% or higher than 96% ." { The same is noted for COT.) Might the sublle difference in wording
reflect a subtle but important difference (or perhaps even a sizable unintended difference} in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and COT, the oxygen saturations curves are display in terms of the median
saturations for individual infants. Median values of course do not indicate the proportion of time
that infants had extreme value. It is hard to compare the studies with respect to the proportion of
time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low {or possibly even very high) saturations, Abhik can you send {or if | missed it, please resend)
figures for SUPPORT constructed like those in BOOST Il Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen.

4. Ref the generalizabiity of SUPPORT findings to current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the "actual” value
with both the original and revised algarithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note: "In conclusion, preterm infants born before 28 weeks' gestation with &
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose treatment involved an oximater-calibration algorithm simjlar to that in
current use” [italics mine]. it bothers me that the words aren't "...identical to that in current use," Does
this bother anyone but me?
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From: Wally Carlo, M.D.

To: Tyson, Jon E; Higains, Rosemary (NIH/NICHD) [F1

Cc: Abhik Das (Adag@iti.org) (Adas@riiorg); Wally Carlo (wacaro@uab.edu) (wacarlo@uab.edu); nfiner@ucsd.edu

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to understand the results
and how they should be applied?

Date; Wednesday, November 20, 2013 1:57:53 PM

Jon:

A few clarifications. There was a protocol to analyze 02 sats for mortality associations with specific
hypotheses and an analysis plan that was approved. All proposed analyses and some exploratory
analyses approved by the committee were performed. There were no significant asscciations.

The committee decided to focus on the RCP analysis, and that paper is in draft form.,
I think we need to plan carefully any analysis.

Wally

Wally Carlo, M.D.

Edwin M. Dixon Professor of Pediatrics
University of Alabama at Birmingham
Director, Division of Neonatology
Director, Newborn Nurseries

1700 6th Avenue South

176F Suite 9330R

Birmingham, AL 35233-7335%

Phone: 205 934 4680

FAX: 205 934 3100

cell: {(b)(6)

From: Tyson, Jon E [mailto:Jon.E.Tyson@uth.tmc.edu]

Sent: Wednesday, November 20, 2013 11:26 AM

To: Higgins, Rosemary (NIH/NICHD} [E]

Cc: Abhik Das (Adas@rti.org) (Adas@rti.org); Wally Carlo (wacarlc@uab.edu) (wacarlo@uab.edu);
nfiner@ucsd.edu

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Rose, as | would think the Steering Committee would agree, a separate proposal should be
unnecessary. |understand the prior analyses were done by Marie without a separate proposal or
without formal prior review and agreement by the subcommittee. Furthermore, RTI does lots of
analyses at their discretion, as is appropriate and for many proposals, necessary when the specific
analyses for secondary or even primary outcomes were not specified in the proposals. Likewise,
RT# at their discretion or at the discretion of the subcommittee can run analyses of the kind
suggested.

With the important, unexplained and conflicting results between multiple international trials using
the same saturation targets, such analyses of the kind are clearly needed to better understand
what may be the Network’s most important trial. | raise my questions 1o the Steering Committee

4-02221 02221



This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

and the SUPPORT subcommittee to consider.

From: Higgins, Rosemary (NIH/NICHD) [E] [mailto:higginsr@mail.cih.gov]
Sent: Wednesday, November 20, 2013 10:40 AM

To: Tyson, Jon E

Cc: Abhik Das (adas@rti.org); 'Wally Carlo, M.D.%;

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Jon

Can you send a proposal that the SUPPORT subcommittee can review? After discussion by the
subcommittee, Marie Gantz had looked at some actual oxygen saturation data awhile ago. There s
a huge amount of data as saturation recordings were done every 10 seconds. The updated proposal
templates are at:

Thanks

Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

hioginsr@mail o

From: Tyson, Jon E [mailto:Jon.E Tyson@uth.tmc.edu]

Sent: Tuesday, November 19, 2013 6:43 PM

To: Wally Carlo, M.D.; Higgins, Rosemary {NIH/NICHD) [E); richard.ehrenkranz@vale.edu;
nfiner@ucsd.edu; Roger Faix (Roger.Faix@hsc, utah.edu); Brad Yoder (Bradlev.voder@hsc.utah.edu)
dale phelps@urmc,rochester.edu; Frantz, Ivan; (EMcGowan@tufts-nemc,org); 'Duara, Shahnaz'
(SDuara@med.miami.edu); mgshea@wfubmc.edu (suhas.kallapur@cchmec.org); Abbot Laptook
{alaptook@wihri.org); Abhik Das (adas®rti.org); Ambal (ambal@uab.edu); Anna Maria Hibbs
AnnaMaria.hibbs@cwru.edu); barbara stoll@oz. ped.emory.edu;

( bpoindex@iupui.edy;
caﬂ_dangm@urmc.tochestemdu Carlton, David P; cotteQ10@mc.duke.edy; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (edmatd_bﬂu@uuwa.gﬁu), goldb008@mc.duke,edu; Greg Sokol
(gsokol@iypui.edu); Haresh Kirpalani (KIRPALANIH@email.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs {(vanmeurs@stanford.edu); Kristi Watterberg (kwatterberg@salud.unm.edu); Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (luc.brion@utsouthwestern.edu); Martin Keszler
(mkeszier@wihri.org); mow3@po,cwi,edy; Meena Garg {mgarg@mednet.ucla.edu); Nelin, Leif;

Pablo, Sanchez@UTSouthwestern,edu; Polin, Richard; Robin Ohls (rohls@salud,. unm.edu);

fonnie guillet@urme.rochester.equ; Satyan Lakshmlnrusnmha Schmidt, Barbara {Neonatology); Seetha
Shankaran ; Sood, Beena [bsood@med.wayne.edu]; Truog, Wllllam {MD); Uday Devaskar
(LLQE!AS.KAB@MEDNEIMCLA.EQU), Wally Carlo (wacarlo®@uab.edu); nfiner@ucsd.edu

Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?
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As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-89% saturation range will result in a higher overall mortality than the 91-95% sat
range. However, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficult to
reconcile and worthy of detailed discussion and review of the findings.

To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT {RR = 1.27 [1.01-1.60), n =13186, all with the original algorithm). In contrast,
there was no evidence of increased death with use of allegedty the same algorithm in either the first
phase of BOOST Il {RR =0.90 [0.70-1.15]); n=1259} or in the first phase of COT (OR = 1.00 {0.63-1.59
[adjusted for center, as appropriate in SUPPORT; fotal n =549), With the results in SUPPORT being just
barely significant, a meta-analysis of these results with the original algorithm would clearly not be
significant. While this finding ultimately could be good news that might possibly be of use in defending
ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm.

In BOOST I, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was introduced was highly significant (RR = 1.45 [1.15-1.84] n= 1182) and resulted in
a highly significant treatment x algorithm interaction. There was also a higher death rate in COT with the
lower saturation goal after the revised algorithm was introduced (OR = 1.23 [0.75-2.01]; n = 543); the OR
is high enough to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST I and COT might well indicate an overall treatment by
algorithm interaction, a finding that of course would maan that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying to explain why a higher mortality would occur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct.

Shouldn't these results should make us concerned about the possibility that more than what we
understand changed between the first and revised algorithm? This concern prompts the following kind
of questions about SUPPORT that that | don't recall were addressed previously (though perhaps at a
Steering Committee | missed —if so, | apologize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of values for the
DISPLAYED oxygen saturation values for each group as shown on the monitors in SUPPORT?

We need to see if we all agree that SUPPORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-88% range as clearly documented by BOOST Il investigators in
their Figure 1 NEJM 2013; 368, (pg. 2096)7

The saturation distributions would be derived from a very large number of observations in BOOST and in
SUPPORT. If the same bimodat distribution is not present in BOOST and SUPPORT, we need to dig
further order to better understand the differences between the studies and be convinced that the
“original” algorithms were in fact identical. Ref COT, it is hard to discern (at least to my eyes) from the
data presented in the manuscript or appendix whether a bimodal distribution oceurred in that study
similar to that in BOOST, we might want to ask if the COT investigators can provide such curves from
what they collected, particularly if our distributions differ from those in BOOST. As | understand it, the
bimodal distribution is the expected result of the algorithm itself (the reason Massimo revised it in
response to the findings in BOOST) rather than the way NICU staff used the oximeters to adjust FiQ2,,
right? If so, the absence of a bimodal distribution in either COT or SUPPORT would prompt further
worry that the “original” algorithm was not exactly the same in SUPPORT, COT, and BOOST II.

2. How can we be certain that the method used to calculate TRUE saturation curves (what we call the
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“actual” saturation values in the SUPPORT figure 3) are correct and the same as in BOOST and COT
when the original algorithm was used? |s there a way independent of the company o determine this?

According to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradually reverfed fo actual vaiues

when the measured value was outside the range of 85 to 95%." [italics mine]. In SUPPORT (1%t column
of page 1962), we note oxygen saturation *...reverted to actual (nonskewed) values when it was less
than 84% or higher than 96%..” { The same is noted for COT.) Might the subtle difference in wording

reflect a subtle but important difference (or perhaps even a sizable unintended difference) in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and COT, the oxygen saturations curves are display in terms of the median
saturations for individual infants. Median values of course do not indicate the proportion of time
that infants had extreme value. It is hard to compare the studies with respect to the proportion of
time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low (or possibly even very high) saturations. Abhik can you send {or if | missed it, please resend)
figures for SUPPORT constructed like those in BOOST il Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen.

4. Ref the generalizabiity of SUPPORT findings to current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the “actual” value
with both the original and revised algorithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note; "In conclusion, preterm infants born before 28 weeks' gestation with a
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose freatment involved an oximeter-calibration algorithm similar to that in

current use” [italics mine]. [t bothers me that the words aren't . .identical to that in current use,” Does
this bother anyone but me?
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From: Das, Abhik

To: Higgins, Rosemary {NIH/NICHD) [E]

Subject: FW: Reconciling SUPPORT, BCOST, AND COT: Do we have all the information needed to understand the results
and how they should be applied?

Date: Wednesday, November 20, 2013 12:33:54 PM

| don’t quite agree with Jon's characterization of our work. We don’t do anything unless directed by
the subcommittee, trial Pi, NIH or the DSMC, unless it is narrowly related to data cleaning issues.

Thanks

Abhik

From: Tyson, Jon E [mailto:Jon.E. Tyson@uth.tmc.edu]

Sent: Wednesday, November 20, 2013 12:26 PM

To: Higgins, Rosemary (NIH/NICHD) [E]

Cc: Das, Abhik; Wally Carlo (wacarlo@uab.edu) (wacarlo@uab.edu); nfiner@ucsd.edu

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Rose, as | would think the Steering Committee would agree, a separate proposal should be
unnecessary. | understand the prior analyses were done by Marie without a separate proposal or
without formal prior review and agreement by the subcommittee, Furthermore, RTI does lots of
analyses at their discretion, as is appropriate and for many proposals, necessary when the specific
analyses for secondary or even primary outcomes were not specified in the proposals.  Likewise,
RTI at their discretion or at the discretion of the subcommittee can run analyses of the kind
suggested.

With the important, unexplained and conflicting results between multiple international trials using
the same saturation targets, such analyses of the kind are clearly needed to better understand
what may be the Network’s most important trial. | raise my questions to the Steering Committee
and the SUPPORT subcommittee to consider.

From: Higgins, Rosemary (NIH/NICHD) [E] [mailto:higginsr@mail.nib.gov)

Sent: Wednesday, November 20, 2013 10:40 AM

To: Tyson, Jon E

Cc: Abhik Das (adas@rti.org); 'Wally Carlo, M.D."; nfiner®ucsd.edu

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

jon
Can you send a proposal that the SUPPORT subcommittee can review? After discussion by the
subcommittee, Marie Gantz had looked at some actual oxygen saturation data awhile ago. Thereis

a huge amount of data as saturation recordings were done every 10 seconds. The updated proposal
templates are at:

Thanks
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Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockvilie, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@maiL o

From: Tyson Jon E [mailto:Jon.E. Tyson@uth.tme.edu]

Sent: Tuesday, November 19, 2013 6:43 PM

To: Wally Carlo, M.D.; Higgins, Rosemary (NIH/NICHD) [E]; i

nfiner@ucsd.edy; Roger Faix (Roger,Faix@hsc,utah.edu); Brad Yoder (Bradiey.voder@hsc.utah.edu);
dale_phelps@urmc.rochester.edu; Frantz, Ivan; (EMcGowan@tufts-nemg,org); 'Duara, Shahnaz'
(SDuara@med.miami.edu); moshea@wfubme,edu; (suhas.kallapur@cchme.org); Abbot Laptook
(alaptock@wihri.org); Abhik Das (adas@rti.org); Ambal (ambal@uab.edu); Anna Maria Hibbs
(AnnaMaria,hibbs@cwru.edu); barbara_stoll@oz.ped.emory.edy; bpoindex@iypui.edy;
carl_dangio@urmc.rochester.edu; Carlton, David P; cotte010@mc. duke.edu; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (edward-bell@uiowa.edu); goldb008@mc.duke.edy; Greg Sokol
(gsokol@iupui,eduy); Haresh Kirpalani (KIRPALANIH®emaii.chop.edu); John Barks; Kennedy, Kathleen A;
Krisa Van Meurs (vanmeyrs@stanford.edu); Kristi Watterberg (mal:temﬂm@sa.huiunm.ﬂ:lu), Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (luc.brion@utsouthwestern.edu}; Martin Keszler
(mkeszler@wihri.org); mow3@po.cwru.edy; Meena Garg (mgarg@mednet.ucla.edu); Nelin, Leif;
Pablo,Sanchez@UTSouthwestern,edu; Polin, Richard; Robin Ohls (rohls@satud.unm.edu);
ronnie_guillet@urme,rochester.edu; Satyan Lakshmlnrusumha Schmidt, Barbara (Neonatology); Seetha
Shankaran ; Sood, Beena fbsocd@med.wayne.edu]; Truog, William (MD); Uday Devaskar
(UD.EMAS.IS&B.@MEDNELU_CLA.EQL!L Wally Carlo (wacarlo@uab.edu); nfiner@ucsd.edy

Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-83% saturation range will result in a higher overall mortality than the 91-95% sat
range. However, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficult to
reconcile and worthy of detailed discussion and review of the findings.

To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT (RR = 1.27 [1.01-1.60]; n =1316, all with the original algorithm). In contrast,
there was no evidence of increased death with use of allegedly the same algorithm in gither the first
phase of BOOST Il (RR =0.80 [0.70-1.15]; n=1259) or in the first phase of COT (OR = 1.00 (0.63-1.59
[adjusted for center, as appropriate in SUPPORT; total n =549). With the results in SUPPORT being just
barely significant, a mefa-analysis of these results with the original algorithm would clearly not be
significant. While this finding ultimately could be good news that might possibly be of use in defending
ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm.

In BOOST Il, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was introduced was highly significant (RR = 1.45 [1.15-1.84] n= 1182) and resulted in
a highly significant treatment x afgorithm interaction. There was also a higher death rate in COT with the
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lower saturation goal after the revised algorithm was introduced (OR = 1.23 [0.75-2.01]; n = 543); the OR
is high enough to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST Il and COT might well indicate an overall treatment by
algorithm interaction, a finding that of course would mean that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying to explain why a higher mortality would occur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct,

Shouldn’t these results should make us concerned about the possibility that more than what we
understand changed between the first and revised algorithm? This concern prompts the following kind
of questions about SUPPORT that that | don't recall were addressed previously (though perhaps at a
Steering Committee | missed —if so, | apologize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of vaiues for the
DISPLAYED oxygen saturation values for each group as shown on the monitors in SUPPORT?

We need to see if we all agree that SUPPORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-89% range as clearly documented by BOOST Il investigators in
their Figure 1 NEJM 2013; 368, (pg. 2096)?

The saturation distributions would be derived from a very large number of observations in BOOST and in
SUPPORT. if the same bimodal distribution is not present in BOOST and SUPPORT, we need to dig
further order to better understand the differences between the studies and be convinced that the
“original” algorithms were in fact identical. Ref COT, itis hard to discern (at least to my eyes) from the
data presented in the manuscript or appendix whether a bimodal distribution occurred in that study
similar to that in BOOST; we might want to ask if the COT investigators can provide such curves from
what they collected, particularly if our distributions differ from those in BOOST. As | understand it, the
bimodal distribution is the expected result of the algorithm itself (the reason Massimo revised it in
response to the findings in BOOST) rather than the way NICU staff used the oximeters fo adjust FiO2,,
right? If 50, the absence of a bimodal distribution in either COT or SUPPCRT would prompt further
worry that the “criginal® algorithm was not exactly the same in SUPPORT, COT, and BOOST |l

2. How can we be certain that the method used to calculate TRUE saturation curves (what we call the
“actual® saturation values in the SUPPORT figure 3) are correct and the same as in BOOST and COT
when the original algorithm was used? Is there a way independent of the company fo determine this?

According to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradually reverted to actual values

when the measured value was outside the range of 85 to 95%." [italics mine]. In SUPPORT (1% column
of page 1962), we note oxygen saturation “...reverted to actual (nonskewed) values when it was less
than 84% or higher than 96%.." { The same is noted for COT.) Might the subtle difference in wording
reflect a subtle but important difference (or perhaps even a sizable unintended difference) in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and COT, the oxygen saturations curves are display in terms of the median
saturations for individual infants, Median values of course do not indicate the proportion of time
that infants had extreme value. It is hard to compare the studies with respect to the proportion of
time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low {or possibly even very high) saturations. Abhik can you send {or if | missed it, please resend)
figures for SUPPORT constructed like those in BOOST Il Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen.
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4. Ref the generalizabiity of SUPPORT findings to current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the “actual” value
with both the original and revised algorithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note: "In conclusion, preterm infants born before 28 weeks’ gestation with a
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose treatment involved an oximeter-calibration algorithm simifar to that in
current use” [italics mine]. It bothers me that the words aren't "...identical to that in current use,” Does
this bother anyone but me?

4-02228 02228
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From: Das, Abhik

To: Higgins, Rosernary (NIH/ANICHD) (E]

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the Information needed to understand the resufts
and how they should be applied?

Date: Wednesday, November 20, 2013 12:30:55 PM

That may be ok, but it is sometimes just too big a group to have a thoughtful discussion. My
preference would be a subcommittee discussion, but | will go with whatever you decide. You may
want to chat with Neil and Wally as well.

Thanks

Abhik

From: Higgins, Rosemary (NIH/NICHD) [E] {mailto:higginsr@mai.nih.gov]
Sent: Wednesday, November 20, 2013 12:27 PM

To: Das, Abhik

Subject: FW: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Abhik

How ahout we discuss on the Tuesday SC call??
Thanks

Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Bivd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@mail.nit

From: Tyson, Jon E [mailto:
Sent: Wednesday, November 20, 2013 12:26 PM

To: Higgins, Rosemary (NIH/NICHD) [E]

Cc: Abhik Das (Adas@rti.org) (Adas@rti.org); Wally Carlo (wacarlo@uab.edu) (wacarlo@uab.edu);
pfiner@ucsd.edy

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Rose, as | would think the Steering Committee would agree, a separate proposal should be
unnecessary. |understand the prior anaiyses were done by Marie without a separate proposal or
without formal prior review and agreement by the subcommittee. Furthermore, RTI does lots of
analyses at their discretion, as is appropriate and for many proposals, necessary when the specific
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analyses for secondary or even primary outcomes were not specified in the proposals. Likewise,
RT( at their discretion or at the discretion of the subcommittee can run analyses of the kind
suggested.

With the important, unexplained and conflicting results between multipte international trials using
the same saturation targets, such analyses of the kind are clearly needed to better understand
what may be the Network’s most important trial. | raise my questions to the Steering Committee
and the SUPPQORT subcomimittee to consider.

From: Higgins, Rosemary (NIH/NICHD) [E] melIQ.JJLQQlDSL@mﬂJLﬂlD.QQx]
Sent: Wednesday, November 20, 2013 10:40 AM

To: Tyson, Jon E

Cc: Abhik Das (adas@rti,orq); ‘Wally Carlo, M.D.";

Subject: RE: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to
understand the results and how they should be applied?

Jon

Can you send a proposal that the SUPPORT subcommittee can review? After discussion by the
subcommittee, Marie Gantz had looked at some actual oxygen saturation data awhile ago. There s
a huge amount of data as saturation recordings were done every 10 seconds. The updated proposal
templates are at:

Thanks

Rose

Rosemary D. Higgins, MD

Program Scientist for the Eunice Kennedy Shriver NICHD Neonatal Research Network
Pregnancy and Perinatology Branch

NIH

6100 Executive Blvd., Room 4B03

MSC 7510

Bethesda, MD 20892

For overnight delivery use Rockville, MD 20852
301-435-7909

301-496-5575

301-496-3790 (FAX)

higginsr@mail.nit

From: Tyson, Jon E [mailto:Jon.E. Tyson@uth.tmc.edu]

Sent: Tuesday, November 19, 2013 6:43 PM

To: Wally Carlo, M.D.; Higgins, Rosemary (NIH/NICHD) [E]; richard.ehrenkranz@yale.edu;
pfiner@ucsd.edu; Roger Faix (Roger.Faix@hsc.utah.edu); Brad Yoder {

dale phelps@urme.rochester.edu; Frantz, Ivan; (EMcGowan®@tufts-nemc,org); 'Duara, Shahnaz'
(SDuara@med. miami.edu); mgshea@_nmmms:.ﬂdu (suhas.kallapur@cchme,org); Abbot Laptook
(alaptaok@wihri.org); Abhik Das (adas@rti,org); Ambal (ambal@uab.edu); Anna Maria Hibbs
(AnnaMaria.hibbs@cwru.edu); barbara _stoll@oz.ped.emory.edu; bpoindex@iupuyj.edu;
can_dangio@urmc.rochester.edu; Carlton, David P; cotte010@mc.duke.edy; dstevenson@stanford.edu;
dwallace@rti.org; Ed Bell (edward-bell@uiowa.edy); goldb008@me.duke.edu; Greg Sokol
{gsokol@iupui.edu); Haresh Kirpalani (KIRPALANIH@emajl.chop.edu); John Barks; Kennedy, Kathleen A;
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Krisa Van Meurs (vapmeurs@stanford.edu); Kristi Watterberg (kwatterberg@salud.unm.edu}; Kurt
Schibler [kurt.schibler@cchme.org]; Luc Brion (luc.prion@utsouthwestern.edu); Martin Keszler

{mkeszler@wihri.org); mew3@po.cwru.edu; Meena Garg (mgarg@mednet.ucla.edu); Nelin, Leif;
Pablo.Sanchez@UTSouthwestern,eduy; Polin, Richard; Robin Ohls (rohls@salud.unm.edu);
ronnie_guillet@urmc,rochester.edu; Satyan Lakshmunrusumha Schmidt, Barbara (Neonatology); Seetha
Shankaran ; Sood, Beena [bsood@med.wayne.edu]; Truog, Wlflram (MD); Uday Devaskar
nfiner@ucsd.edu

(HDEM&SISAB@MEDNEI.UCLA.ED.U), Wally Carlo (wacardo@uab.edu);
Subject: Reconciling SUPPORT, BOOST, AND COT: Do we have all the information needed to

understand the results and how they should be applied?

As Wally thinks, it may be that the differences in RR and OR for death in the different studies and in
different phases of the same study are due to the play of chance and that with current technology and
methods of care, the 85-89% saturation range will result in a higher overall mortality than the 91-85% sat
range. However, on careful rereading of SUPPORT, BOOST, and COT, the findings seem very difficult to
reconcile and worthy of detailed discussion and review of the findings.

To summarize, with the original algorithm, mortality with the lower saturation goal was significantly
increased in SUPPORT (RR = 1.27 [1.01-1.60]; n =1316, all with the original algorithm). In contrast,
there was no evidence of increased death with use of allegedly the same aigorithm in either the first
phase of BOOST Il (RR =0.90 [0.70-1.15]; n=1259) or in the first phase of COT (OR =1.00 (0.63-1.59
[adjusted for center, as appropriate in SUPPORT,; total n =549). With the results in SUPPORT being just
barely significant, a meta-analysis of these results with the original algorithm would clearly not be
significant. While this finding uitimately could be good news that might possibly be of use in defending
ourselves against the Public Citizen law suit, the data become more confusing in comparing the findings
for mortality before and after installing the revised algorithm.

In BOOST ||, the substantially higher deaths in the low sat group relative to the higher sat group after the
revised algorithm was intreduced was highly significant (RR = 1.45 [1.15-1.84] n= 1182) and resulted in
a highly significant treatment x algorithm interaction. There was also a higher death rate in COT with the
lower saturation goal after the revised algorithm was introduced (OR = 1.23 [0.75-2.01]; n = 543); the OR
is high encugh to be clinically important if it is real Despite the limited power to identify interactions, a
meta-analysis of the data from both BOOST il and COT might well indicate an overall treatment by
algorithim interaction, a finding that of course would mean that the effect of the saturation goal on
mortality was influenced by whether the original or revised algorithm was used. This would be disturbing
for multiple reasons, including the difficulty in trying to explain why a higher mortality would occur with the
revised algorithm if the calculated changes in true oxygen saturation in BOOST AND cot are in fact
correct,

Shouldn't these results should make us concermed about the possibility that more than what we
understand changed between the first and revised algorithm? This concem prompts the following kind
of questions ahout SUPPORT that that | den't recall were addressed previously (though perhaps at a
Steering Committee | missed —if so, | apologize for raising any questions that have already been well
addressed.)

1. Abhik, would you please provide to the Network investigators the distribution of values for the
DISPLAYED oxygen saturation values for each group as shown on the monitors in SUPPORT?

We need to see if we all agree that SUPPCORT had the same bimodal saturation distribution for group with
fewer than expected values in the 87-89% range as clearly documented by BOOST Il investigators in
their Figure 1 NEJM 2013, 368, (pg. 2096)?

The saturation distributions would be derived from a very large number of observations in BOOST and in
SUPFPORT. If the same bimodal distribution is not present in BOOST and SUPPORT, we need to dig
further order to better understand the differences between the studies and be convinced that the
“original” algorithms were in fact identical. Ref COT, itis hard to discern (at least to my eyes) from the
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data presented in the manuscript or appendix whether a bimodal distribution occurred in that study
similar to that in BOOST; we might want to ask if the COT investigators can provide such curves from
what they collected, particularly if our distributions differ from those in BOOST. As | understand it, the
bimodal distribution is the expected result of the algorithm itself {the reason Massimo revised it in
response to the findings in BOOST) rather than the way NICU staff used the oximeters to adjust FiQ2,,
right? If so, the absence of a bimodal distribution in either COT or SUPPORT would prompt further
worry that the “original” algorithm was not exactly the same in SUPPORT, COT, and BOOST Il

2. How can we be certain that the method used to calculate TRUE saturation curves (what we call the
“actual” saturation values in the SUPPORT figure 3) are correct and the same as in BOOST and COT
when the original algorithm was used? Is there a way independent of the company to determine this?

According to the BOOST investigators noted (as stated bottom of left hand column to top of right hand
column on page 2097) that "Displayed oxygen-saturation values gradually reverted to actual values

when the measured value was outside the range of 85 to 95%." [italics mine). In SUPPORT (1% column
of page 1962}, we note oxygen saturation *...reverted to actual (nonskewed} values when it was less
than 84% or higher than 96%..” { The same is noted for COT.) Might the subtle difference in wording
reflect a subtie but important difference (or perhaps even a sizable unintended difference} in the actual
algorithm or the method to calculate the true saturation values?

3. In SUPPORT and CQT, the oxygen saturations curves are display in terms of the median
saturations for individual infants. Median values of course do not indicate the proportion of time
that infants had extreme value, It is hard to compare the studies with respect to the proportion of
time that infants spent at different saturation values in the different studies. This is important to
understanding whether the mortality differences reflect differences in the % of time spent at very
low {or possibly even very high} saturations. Abhik can you send (or if | missed it, please resend)
figures for SUPPORT constructed like those in BOOST Il Figure 1 showing percent of time spent at
different saturations as a % of total time receiving oxygen.

4. Ref the generalizabiity of SUPPORT findings to current practice, has Massimo indicated that the values
displayed on oximeters now in use are identical to what would the ones calculated as the "actual” value
with both the original and revised algorithms in the different trials and hasn't been tinkered with again?

The BOOST investigators note: "In conclusion, preterm infants born before 28 weeks' gestation with a
target oxygen saturation of 85 to 89% had a significantly higher rate of death than did those with a target
of 91 to 95% in a subgroup whose freatment involved an oximeter-calibration algorithm similar fo that in
current use’ (italics mine]. It bothers me that the words aren't *...identical to that in current use,” Does
this bother anyone but me?
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From: Das, Abhik
To: Higgins. Rosemary (NIH/NICHD) [E1
Subject; FW: Distribution of saturations

Date: Wednesday, November 20, 2013 9:56:18 AM

Attachments: Distribution of SUPPORT Oxygen Saturations 20130521, doox

FYI, this is work done by Marie a white back that may be relevant. Talk to you soon.
Thanks

Abhik

From: Gantz, Marie

Sent: Tuesday, May 21, 2013 3:04 PM

To: 'Finer, Neil'; Das, Abhik; Wally Carlo, M.D.; Rich, Wade
Subject: RE: Distribution of saturations

Thanks, Neil. The explanation of why we have some infants with lower medians and COT does not
makes sense. | added a table to the end of the attached version of the document to answer your
guestion, Medians and means remain very similar to what they were before, but | have added
ranges that match the ones in the COT tables.

Marie

Harie Gantz, 100,
Sexior Research Statistician
TV nfermational

pgi @riivg
91S30-316

From: Finer, Neil [mailto:nfiner@ucsd.edu}

Sent: Saturday, May 18, 2013 3:54 AM

To: Gantz, Marie; Das, Abhik; Wally Carlo, M.D.; Rich, Wade
Subject: RE: Distribution of saturations

Many thanks Marie

I have always suspected that a major difference between SUPPORT and the other trials is the fact
that we enroll infants by 2 hours

There are sick infants who never stabilize and we include them as you describe — whereas | suspect
none of these will be enrofled in the other trials

Thus infants with medians < 80% will be more in our trial and will pull the median to the left

i assume that your previous values for median and mean % of times with Sp02 values < 80% remain
OK

Can you send that Table again and include % < 85% as this is what COT reported

Thanks again

Neil

I:mm: Gantz, Marie [mailto:mganiz@i.or g‘] o
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Sent: Saturday, May 18, 2013 2:01 AM
To: Finer, Neil; Das, Abhik; Wally Carlo, M.D.; Rich, Wade
Subject: Distribution of saturations

Hi all,

Attached is a document describing the distributions of oxygen saturations in the SUPPORT oxygen
target groups. Please let me know if you have any questions.

Marie

Harie fantz, M.

Seriior Research Sfatistician
BT Intermational
neiz@rtiog
918505110

From: Gantz, Marie

Sent: Wednesday, May 15, 2013 3:21 PM

To: 'Finer, Neil'; Das, Abhik; 'Wally Carlo, M.D.'
Subject: RE:

Thanks for the clarification.

Marie

Marie Ganiz, PD.
Senior Research Statisticizn
BT dntermationsl

wganle@rliorg
91835510

From: Finer, Neil [mailto:nfiner@ucsd.edu]
Sent: Wednesday, May 15, 2013 2:00 PM

To: Gantz, Marie; Das, Abhik; Wally Carlo, M.D.
Subject: RE:

Marie

The issue of death is NOT a suggestion for SUPPORT

It is more a thought that may need to be looked at by COT!I!
Neil

From: Gantz, Marie i

Sent: Wednesday, May 15, 2013 6:52 PM
To: Das, Abhik; Finer, Neil; Wally Cario, M.D.
Subject: RE:

To expand on the thought below, while | do think it makes sense to look to see if the curves look the
same with the newer, improved version of the oximeter data, | think that additional exploration of
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how the values relate to death should be done only in the context of a fully thought-out and
approved analysis proposal. Abhik, do you agree?

Marie

Narie Gantz, D,
Senior Research Statistician
RTY leternational

LT G
H955 5110

From: Das, Abhik
Sent: Wednesday, May 15, 2013 12:50 PM

To: Gantz, Marie; 'Finer, Neil'; "Wally Carlo, M.D.'
Subject: RE:

No, I agree that we need to check this out and understand the issues better.

Thanks
Abhik

From: Gantz, Marie

Sent: Wednesday, May 15, 2013 12:46 PM Eastern Standard Time
To: 'Finer, Neil'; Das, Abhik; Wally Carlo, M.D.

Subject: RE:

Thanks, Neil. | think it makes sense to look again at the distribution of Sp0O2 values in the SUPPORT
pulse oximetry groups. Mote that the version of the oximetery data | have been working with
recently differs from the version we used in November 2005 for the paper. When the paper was
written | had not had a chance to do as much quality checking of the oximeter data, and we have
since made a few adjustments including that James re-processed the data taking into account some
protocol deviations where the infant was on the wrong oximeter (which impacts the transformation
he does based on the oximeter skew), | have done some additional refinement in adjusting for the
skew, and some additional data cleaning has been done such as excluding data for dates that don’t
make sense (like dates before the infant’s DOB). So we might find that newer curves look a bit
different, although | wouid not expect any major changes. | have been traveling for meetings the
past two days, but | hope to look into this issue this week as long as Abhik does not have any
chjections.

Marie

Harie Gauiz, PhD.,
Sexior Research Statistician
RT1 nfernational

Igintz @il ore
954750

From: Finer, Neil [mailto:nfiner@ucsd.edu]
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Sent: Wednesday, May 15, 2013 12:32 PM
To: Das, Abhik; Gantz, Marie; Wally Carlo, M.D.
Subject:

Hi Abhik, Marie and Wally

I wanted to expand on my previous request to try to explain the differences between COT and
SUPPORT and explain why | believe that this needs to be done
The COT Trial indicated in the discussion the following “
Smaller

proportions of infants had median saturations

below 85% or above 95% in

COT than in SUPPORT, whereas between

85% and 95% our distributions

of oxygen saturations in the 2 treatment

groups overlapped less than the

distributions of saturations in

SUPPORT {eFigure 2). These important

differences between the observed

saturation profiles in the 2 trials may

explain why we did not find excess

mortality in the low target group and

excess retinopathy in the high target

group.”

The accompanying editorial had the following comment

“In addition, although the saturation targets were the same
in the 3 studies, the actual saturation ranges these infants
were exposed to may have been different. COT achieved
tighter compliance with the targets and a wider separation

in saturation between the 2 groups than SUPPORT. Based

on the information available, it appears that the clinical staff
maintained SpO2 at the target range and hence reduced the
exposure to extreme SpO2 levels more effectively in COTthan
in SUPPORT, which may also in part explain the different
results between these 2 trials.

Now we have Maries Tables which give the mean and median % of time at Sp0O2 < 85%, <80% etc
and the COT paper has this data in their published appendix

As you will note, SUPPORT infants spend less % of time { Medians, which is what | assume COT is
reporting, although even with Means the data looks very similar) < 80%

[ have been racking my feeble mind to understand these results

Is it that COT had some babies with high percentages both Low and High but the medians were OK?
These babies would have been very labile — we need to know if this is the reason — and see whether
such infants had more death etc.

In any case we need to know and the reply to these suggestions
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| think we need you to look carefully and confirm that our results are correct and that our curves are
correct and then try to explain these differences

Many thanks for giving this matter your attention

Neil
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Distribution of Actual Oxygen Saturations in the SUPPORT Low and High Target Groups
Marie Gantz 5/17/2013
Updated 5/21/2013: Legend of Figures 3a and 3b corrected, Table 2 added

In our 2010 NEJM manuscript, we included the following distribution of median oxygen saturations for
infants assigned to the low and high target groups (Figure 1),

Distribution of Median Oxygen Saturation for Each Infant

G N
O = MW kO

Percent

D o= R W bt D~ O

<=70 75 80

Median Oxygen Saturation
Oximeter Assignment —High Target (81-95) = = -Low Target (85-89)

Figure 1. Median oxygen saturations by infant from 2010 NEJM manuscript (percentages add to 100 over
all infants)

Since the November 2009 version of the oximeter data used for Figure 1, additional steps have been taken
to refine the data including the following.

¢ Data from dates before the infants’ DOB have been excluded.

« QOximeter data have been reprocessed, taking into account protocol deviations where infants were
on the incorrect oximeter (which impacts the initial transformation from skewed to “actual” Sp0O2
values base on the algorithm provided by Massimo),

¢ Minor adjustment made to the way oximeter data were matched to respiratory support data from
forms SUPPOS and SUPP11, impacting the identification of time on oxygen.

* Smoothing of oximeter skew refined using guadratic and cubic interpolation.

Median oxygen saturation curves using the current version of the pulse oximeter data {March 14, 2013) are

shown in Figures 2a and 2b (same data displayed two ways). Note that throughout the figures and tables, a
value of 69 represents all oximeter values <70%.
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Fiéi.uré 2a. Median oxygeri saturations by infant from March 14; 2013 version of oximeter data {displayed
as histogram, percentages add to 100 in each target group)
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Figure 2b. Median oxygen saturations by infant from March 14, 2013 version of oximeter data (displayed |
as curves, percentages add to 100 over all infants) |

Page 2 of 6

4-02239 02239




This document is provided for reference purposes only. Persons with disabilities having difficulty accessing
information in this document should e-mail NICHD FOIA Office at NICHDFOIARequest@mail.nih.gov for assistance.

The main difference between the old and new figures is that most medians previously calculated to be
above 95% are now estimated to be at 95%. This difference is likely due to the changes in the smoothing
algorithm and/or to more accurate identification of time on oxygen {since we have observed that oxygen
saturations for time on room air are more likely to be close to 100%). In Figure 1, the median of the infant-
level median saturations was 92 in the low target group and 94 in the high target group. In Figures 2a and
2b, the medians are the same as in Figure 1. The full distributions of median oxygen saturations, by target
group, are shown in Tables 1a and 1b.

As a side-note, the data presented from the COT trial look more like the Figure 1 SUPPORT data in that there
are more medians above 95%. This could be due to the inexact identification of time on oxygen used in COT
{due to limitations of their data collection, they are including all oximeter data from days with >12 hours of
supplemental oxygen). Also, COT is using cubic smoothing of the oximeter data, while we are using primarily
quadratic smoothing (because it seems to perform better). | do not expect difference in the smoothing
algorithm to result in large differences in the curves, though. | expect that the inclusion of time on room air
(likely with saturations near 100%) would have a bigger impact on the curves.

B Mélﬁui.an Spoz foi; éll time on suppleméntal 02

émedianoZall Frequency Percent Cumulative Cumulative

Fregquency Percent
69 3 0.50 3 0.50"
70 1 0.17 4 0.66
78 1 0.17 5 0.83
83 1 0.17 6 0.99
84 2 033 8 132
85 1 0.17 9 149
8é 3 0.50 12 1.98
87 6 0.99 18 297
88 12 1.98 30 4.95
89 14 2.3 44 7.26
90 50 8.25 94 15.51
91 122 2013 216 3564 .
92 117 19.31 333 54.95
93 98 1617 431 71.12
94 66  10.89 497 82.01
95 108 17.82 605 99.83
100 1 017 606 100.00

Table 1a. Median oxygen saturations by infant: low target group (March 14, 2013 version of oximeter
data)
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Median Sp0Q2 for all time on supplemental 02

.mediano2all Frequency Percent Cumulative Cumulative

Frequency Percent
69 6 097 6 0.97
77 1 0.16 7 113
79 1 0.16 8 1.29
85 2 0.32 10 1.61
86 1 0.16 11 177
87 1 0.16 12 1.94
88 1 0.16 13 2.10
89 5 0.81 18 2.90
90 1 016 19 3.06
91 7 1.13 26 419
92 44 7.10 70 11.29
93 182 29.35 252 40.65
94 192 30.97 444 71.61
85 175  28.23 619 90.84
99 1 0.18 620 100.00

Table 1b. Median oxygen saturations by infant: high target group {March 14, 2013 version of oximeter
data}

In the SUPPORT data, there are 13 infants (5 in the low target group and 8 in the high target group) with
median oxygen saturations below 80%. All of these infants died within the first two days of life, and the
number of hours of oximeter data for each infant is limited: median 6.8 hours, IQR 4.4-13.2 hours, range 0.6-
41.2 hours. Similarly, the two cases with medians over 95% are based on limited data. One infant in the low
target group had 2 hours of oximeter data from day of life 8 and a median oxygen saturation of 100%, and
one infant in the high target group had 6 hours of data from day of life 5 and a median oxygen saturation of
99%.

Looking at the distribution of infant-level medians might not be the best way to judge how well infants were
kept within their target ranges. As an alternative, Figures 3a and 3b summarize the infant-level distributions
of all oxygen saturations during time on oxygen. The lines represent the median percent of time infants
spent at each saturation value. The boxes represent the 25" to 75" percentiles, and the whiskers represent
the 5™ to 95™ percentiles.
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Figure 3a. Summary of infant-level distributions of oxygen saturations: low target group (March 14, 2013

version of oximeter data)
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Figure 3b. Summary of infant-level distributions of oxygen saturations: high target group {March 14, 2013

version of oximeter data)
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Table 2 shows the percent of time spent in various oxygen saturation ranges for infants assigned to the low
and high target groups.

Infant-Level Oxygen Saturations  Low Target Group  High Target Group
Median saturation: median (IQR) 92% (91%, 94%) 94% (93%, 95%)
Time spent >98%: median (IQR)  5.2% (2.5%, 9.6%)  5.9% (2.9%, 10.2%)
Time spent >95%: median (IQR)  23.1% (14.9%, 34.8%)} 30.6% (22.7%, 38.6%)
éTime spent <85%: median (IQR) 15% (10.3%, 19.3%)  9.3% (6.1%, 12.8%)

Time spent <80%: median (IQR) 5.9% (3.9%, 8.6%) 4% (2.3%, 5.9%)
ETime spent <70%: median (IQR) 1.5% (0.8%, 2.4%) 1% (0.5%, 1.8%)
Time spent >98%: mean (95% CI) 8% (7.2%, 8.7%) 8.4% (7.7%, 9.2%)

Time spent >95%: mean (95% Cl)  26.7% (25.3%, 28%) 33% (31.7%, 34.2%)
;Time spent <85%: mean (95% Cl}  16% (15.2%, 16.8%) 10.9% (10.1%, 11.7%)
- Time spent <80%: mean (95% Cl) 7.3% {6.6%, 7.9%) 5.5% (4.7%, 6.2%)
Time spent <70%: mean (95% Cl) 2.5% (1.9%, 3%) 2.1% (1.5%, 2.6%)

Table 2. Percent of time spent in various oxygen saturation ranges while receiiring supplemental oxygen
for infants randomized to low and high target groups (March 14, 2013 version of oximeter data)
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From: Kennedy, Kathleen & -

To: iogi ; Phelps, Dale
Subject: RE: SUPPORT slide

Date: Sunday, November 17, 2013 B:26:05 PM

1 don't see a problem with lefting Abbott have it unless it would compromise publication. It will be in press very
soon if [ could get an answer about dealing with authors who fail to respond to multiple emails, Maybe we could
sent the data or the figures from the PAS poster that's already published.

Sent from my Windows Phone

From: Higgins, Rosemary (NIH/NICHD) [E]<mailto:higginsr@mail nih.gov>
Sent; 11/17/2013 6:39 PM

To: Phelps, Dale<mailio:Dale Phelps@URMC Rochester.edy>

Cc: Kennedy, Kathleen A<mailto:Kathleen.A Kennedyi@uth.tme.edu>
Subject: Re: SUPPORT slide

Dale

This is not my decision - requires a steering committee vote. What is the time frame from Abbott nutrition?
Thanks

Rose

Rosemary D Higgins, MD
Sent from my iPhone

On Nov 17, 2013, at 3:05 PM, "Phelps, Dale” _
<Dale_Phelps{@URMC.Rochester.edu<maiito:Dale Phelps@URMC Rochester.edu>> wrote:

Hi Larry,
We have a similar slide (same dataset) that is in a manuscript that has just been accepted for publication.
The first author is Kathleen Kennedy and it is a NRN paper.

I will ask Dr. Higgins and Dr. Kennedy if we may be able to share with you that graph of the rates of survival,
ROP and severe ROP from the SUPPORT trial data.
That will give you final and peer reviewed data.

If NICHD approves, you would be able to use it within a confidential internal setting until it gets published.
(maybe published on line early?}
Once published, you can of course use it freely.

Dhale Phelps

From: Williams, Larry W [mailto:Larry Williamsi@abbott.com]
Sent: Monday, October 21, 2013 8:51 AM

To: Phelps, Dale

Subject: RE: SUPPORT slide

Thanks Dale, 1 understand reasons you might not be able to share. Just let me know.
Lartry

From: Phelps, Dale [mailto:Dale, Phelps@URMC Rochester.edu]
Sent: Monday, October 21, 2013 11:42 AM
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To: Williams, Larry W; Rosemary Higgins (higginst@miail.nih. gov<mmlm.h.lamn@mmlmh.gny
Subject: RE: SUPPORT slide

Hi Larry,

I do not think that slide is considered "published" (from a Poster at a research meeting), so I'll have to check with
Dr. Kennedy (first author of paper) and Dr. Higgins before letting you use it. Also I should type up the 'conditions'
around the SUPPORT trial so you would understand its limitations... i.e. that SUPPORT was in-borns only {no
transports) and enrolled infants only of 24, 25, 26, and 27 weeks gestation.

Also: in that slide, "sROP or death" is not equal to "sROP or death before ROP outcome* (but it is close)

With those caveats, I think you could use it wisely,
Dale

From: Williams, Larry W [mailto:Larry Williamsi@abbott.com]

Sent: Monday, October 21, 2013 8:18 AM

To: Phelps, Dale; Rosemary Higgins (higginsr@mail.nih.gov<mailto:higginsr@mait.nih.goyv>)
Subject: SUPPORT slide

Dale,

Are you able to share the single slide you showed last week of ROP and mortality (and other outcomes) vs.
gestational age that came from SUPPORT data? That slide was a very nice summary of several issues pertinent to
INS3. 1 want to be able to use it internally (only) at Abbott to educate on the importance of ROP in the preterm
population.

I enjoyed chatting with you at the meeting. And as both Kelly and I indicated, clearly many of the coordinators are
obviously superb at what they do.

Larry W. Willliams MD

Senior Medical Director

Abbott Nutrition Scientific and Medical A ffairs
3300 Stelzer Road

Columbus OH 43219
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From: Kennedy, Kathleen A

To: Higgins, Rosemary (NIH/NICHDR) [E] |
Cc: Truog, William _ i
Subject: FW: ROP Secondary Manuscript #13-551 Decision - please respond .
Date: Tuesday, November 12, 2013 9:57;57 AM i
Attachments: A e : ame R aturml Hist i |

Rose, | had already heard from you. Sorry for the confusion, | still haven’t received responses from
Roger, Marie, or Wade. Last time it took an email from you, so | thought maybe copying you would
help. | don’t understand why this is so difficult. Am | going about it the wrong way? Am | the only
one who cares if the authors have actually done what they're going to say they did?

Kathleen A. Kennedy, MD, MPH

Richard W. Mithoff Professor of Pediatrics
Director, M3 in Clinical Research Degree Program
UT-Houston Medical School

6431 Fannin, Suite 2.106

Houston, TX 77030

713 500-6708

From: Kennedy, Kathleen A
Sent: Monday, November 11, 2013 9:35 AM

To: 'Roger.Faix@hsc.utah.edu’; 'Gantz, Marie'; 'wrich@ucsd.edu’

Cc: Higgins, Rosemary (NIH/NICHD); Archer, Stephanie

Subject: FW: ROP Secondary Manuscript #13-551 Decision - please respond

I'd really like to get this back to Journal of Perinatology tomorrow. Please send me your
comments or approval today. Thanks.

Kathleen A. Kennedy, MD, MPH

Richard W. Mithoff Professor of Pediatrics
Director, M3 in Clinical Research Degree Program
UT-Houston Medical School

6431 Fannin, Suite 2.106

Houston, TX 77030

713 500-6708
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