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Supplemental Therapeutic Oxygen for Prethreshold Retinopathy of
Prematurity (STOP-ROP), A Randomized, Controlled Trial.
I: Primary Outcomes
The STOP-ROP Multicenter Study Group*
ABSTRACT. Objective. To determine the efficacy and
safety of supplemental therapeutic oxygen for infants
with prethreshold retinopathy of prematurity (ROP) to
reduce the probability of progression to threshold ROP
and the need for peripheral retinal ablation.
Methods. Premature infants with confirmed prethreshold ROP in at least 1 eye and median pulse oximetry <94% saturation were randomized to a conventional
oxygen arm with pulse oximetry targeted at 89% to 94%
saturation or a supplemental arm with pulse oximetry
targeted at 96% to 99% saturation, for at least 2 weeks,
and until both eyes were at study endpoints. Certified
examiners masked to treatment assignment conducted
weekly eye examinations until each study eye reached
ophthalmic endpoint. An adverse ophthalmic endpoint
for an infant was defined as reaching threshold criteria
for laser or cryotherapy in at least 1 study eye. A favorable ophthalmic endpoint was regression of the ROP into
zone III for at least 2 consecutive weekly examinations or
full retinal vascularization. At 3 months after the due
date of the infant, ophthalmic findings, pulmonary status, growth, and interim illnesses were again recorded.
Results. Six hundred forty-nine infants (325 conventional and 324 supplemental) were enrolled from 30 centers over 5 years. Five hundred ninety-seven (92.0%) infants attained known ophthalmic endpoints, and 600
(92%) completed the ophthalmic 3-month assessment.
The rate of progression to threshold in at least 1 eye was
48% in the conventional arm and 41% in the supplemental arm. After adjustment for baseline ROP severity stratum, plus disease, race, and gestational age, the odds
ratio (supplemental vs conventional) for progression was
.72 (95% confidence interval: .52, 1.01). Final structural
status of all study eyes at 3 months of corrected age
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showed similar rates of severe sequelae in both treatment
arms: retinal detachments or folds (4.4% conventional vs
4.1% supplemental), and macular ectopia (3.9% conventional vs 3.9% supplemental). Within the prespecified
ROP severity strata, ROP progression rates were lower
with supplemental oxygen than with conventional oxygen, but the differences were not statistically significant.
A post hoc subgroup analysis of plus disease (dilated and
tortuous vessels in at least 2 quadrants of the posterior
pole) suggested that infants without plus disease may be
more responsive to supplemental therapy (46% progression in the conventional arm vs 32% in the supplemental
arm) than infants with plus disease (52% progression in
conventional vs 57% in supplemental).
Pneumonia and/or exacerbations of chronic lung disease occurred in more infants in the supplemental arm
(8.5% conventional vs 13.2% supplemental). Also, at 50
weeks of postmenstrual age, fewer conventional than
supplemental infants remained hospitalized (6.8% vs
12.7%), on oxygen (37.0% vs 46.8%), and on diuretics
(24.4% vs 35.8%). Growth and developmental milestones
did not differ between the 2 arms.
Conclusions. Use of supplemental oxygen at pulse
oximetry saturations of 96% to 99% did not cause additional progression of prethreshold ROP but also did not
significantly reduce the number of infants requiring peripheral ablative surgery. A subgroup analysis suggested
a benefit of supplemental oxygen among infants who
have prethreshold ROP without plus disease, but this
finding requires additional study. Supplemental oxygen
increased the risk of adverse pulmonary events including
pneumonia and/or exacerbations of chronic lung disease
and the need for oxygen, diuretics, and hospitalization at
3 months of corrected age. Although the relative risk/
benefit of supplemental oxygen for each infant must
be individually considered, clinicians need no longer
be concerned that supplemental oxygen, as used in
this study, will exacerbate active prethreshold ROP.
Pediatrics 2000;105:295–310; retinopathy of prematurity,
oxygen therapy, visual loss, oxygen toxicity, prematurity,
neonatal outcomes, bronchopulmonary dysplasia.
ABBREVIATIONS. ROP, retinopathy of prematurity; CRYO-ROP,
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cryotherapy for ROP; STOP-ROP, Supplemental Therapeutic Oxygen for Prethreshold ROP; PMA, postmenstrual age; SES, socioeconomic status; CLD, chronic lung disease; CPAP, continuous
positive airway pressure; OR, odds ratio; CI, confidence interval.

R

etinopathy of prematurity (ROP) is a neovascular retinal disorder that develops in 84% of
premature survivors born at ⬍28 weeks’ gestation. Fortunately, ROP resolves in most cases (80%)
without visual loss from retinal detachments or
scars.1,2 The multicenter study of cryotherapy for
ROP (CRYO-ROP) study showed that, when the disorder progresses, ablation of the avascular peripheral retina with cryotherapy reduced the incidence of
retinal detachment from 51% to 31%.3 Peripheral retinal ablation, now usually by laser therapy, has become standard treatment for advanced ROP.4 –7 However, this therapy is not always successful in halting
the progression of ROP, and the long-term complications of extensive ablation of the developing peripheral retina beyond 5 years of age7 are as yet
unknown.
In 1948, Michaelson8 proposed that a gradually
increasing oxygen deficit of the oxygen-consuming
retina during normal differentiation causes release of
an angiogenic growth factor. Based on this supposition, therapeutic administration of supplemental oxygen to relieve the putative hypoxic stimulus for
retinal neovascularization has been considered. In
the 1950s, Szewczyk9 and Bedrossian et al10,11 first
reported the use of supplemental oxygen to treat the
neovascularization in ROP. This approach was abandoned after the 1956 Cooperative Study of Retrolental Fibroplasia demonstrated that prolonged (4
weeks) administration of 50% oxygen caused increased rates of ROP and vision loss.12 But the
concept of an hypoxic stimulus for retinal neovascularization remained biologically plausible and eventually regained scientific interest and attention.
Case– control studies revealed that infants who develop severe ROP, compared with infants of similar
gestation and birth weight who do not have ROP,
have hospital courses characterized by more complex medical problems, prolonged oxygen requirements, lower overall arterial oxygenation levels, and
more episodes of fluctuating blood oxygen levels.13–15
In contrast to healthy neonates breathing room air,
TABLE 1.

METHODS
Study Design
The study design was a randomized trial comparing the effects
of 2 oxygenation strategies on the progression of ROP: conventional oxygenation at a pulse oximetry target of 89% to 94% versus
supplemental oxygen to achieve a pulse oximetry target range of
96% to 99%.21 From February 1994 to March 1999, eligible patients
from 30 centers were typically enrolled by telephone call to the
central coordinating center (64%) after confirmation of eligibility
and signed informed consent by parents or legal guardians. Random assignments were generated by the coordinating center using
the Wei-Lachin Urn Scheme22 and were stratified by center and by
2 levels of baseline ROP severity. When the coordinating center
was not available, study centers used sequentially numbered,
sealed envelopes provided in advance by the coordinating center
to obtain treatment assignments, and submitted appropriate documentation to the coordinating center. An infant was assigned to
the severe ROP stratum A whenever either study eye had 1 or
more clock hours of any stage ROP in zone I, or when the fellow
eye was already at threshold or worse ROP (see Table 1), thereby
eliminating that eye as a study eye. The remaining infants fell in
the less severe ROP stratum B with zone II prethreshold ROP in
both eyes or in the second eye at less than prethreshold ROP.
Family, bedside nurses, and attending neonatologists knew the
treatment assignment, but the study-certified ophthalmologists
who assessed eligibility, progression of the ROP, and study end-

Definitions of ROP Severity Categories for STOP-ROP

Threshold ROP*
Zone II
Zone I
Beyond threshold
Prethreshold ROP
Zone II
Zone I

whose arterial oxygen levels are similar to those of
adults (95–100 mm Hg [13 pKa]), the recommended
arterial concentrations for premature infants receiving oxygen are 50 to 80 mm Hg (6.6 –10.6 kPa).16 This
relative hypoxia in premature infants raised the possibility that supplemental oxygen might be used to
improve retinal oxygenation and down-regulate retinal neovascularization. Tests of the effects of such
oxygen supplementation in animal models of ROP
supported this hypothesis,17,18 and a reported benefit
of supplemental oxygen in a clinical case series19
provided additional support for systematically testing the hypothesis in premature infants with ROP.
We report the primary results from the Supplemental Therapeutic Oxygen for Prethreshold ROP
(STOP-ROP) study, which was designed to test the
hypothesis that supplemental oxygen, given to attain
a pulse oximetry range of 96% to 99% saturation,
would reduce by one third the proportion of infants
with at least 1 eye progressing from moderate ROP
(prethreshold) to threshold ROP requiring peripheral ablative surgery, without unacceptable side effects.20

Presence of posterior pole dilation/tortuosity in at least 2 posterior pole quadrants (plus
disease), and stage 3 ROP for at least 5 contiguous clock h or 8 composite clock h
ROP (any stage) with posterior pole dilation/tortuosity in at least 2 posterior pole quadrants
(plus disease), or stage 3 ROP, with or without plus disease
Stage 4 ROP, stage 5 ROP, or massive vitreal hemorrhage obscuring the view of the fundus
Any number of clock hours of stage 3 ROP, less than threshold severity, or any stage 2 ROP
with at least 2 quadrants of posterior pole dilation/tortuosity disease (plus disease)
Any ROP less than threshold severity

Stages and zones based on the international classification of ROP.24
* The definition of threshold ROP differs somewhat from that used in the CRYO-ROP study4 in 2 ways: 1) In the CRYO-ROP study, “plus
disease” was a global assessment of the posterior pole and was not determined according to number of quadrants involved, and 2) in the
CRYO-ROP study, the definition of threshold was the same for both zone I and zone II and is the same as stated for zone II above (except
for the number of quadrants of posterior pole dilation/tortuosity, as described in note 1). In STOP-ROP, a less stringent definition of
threshold in zone I was used to accommodate the clinical judgment of a majority of the participating ophthalmologists that earlier
treatment was needed to improve the poor outcomes of zone I threshold ROP.
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points remained masked to treatment assignment throughout the
study.
The primary endpoint of this study of systemic oxygen therapy
was based on the infant, ie, progression of at least 1 study eye of
an infant to threshold ROP (Table 1). Infants had only 1 study eye
if the fellow eye was already at threshold or worse than threshold
ROP at enrollment. Otherwise, they had 2 study eyes; even a
fellow eye at less than prethreshold severity was considered a
study eye, because it was going to be exposed to the assigned
treatment and could progress to threshold ROP. Secondary endpoints included ophthalmic status at 3 months after due date,
infant growth rates, developmental screening, and adverse medical events. The protocol was reviewed and approved by the
institutional review board at each participating site before initiation of recruitment at that site.

Eligibility Criteria
Premature infants were screened for ROP, according to local
guidelines consistent with the 1992 recommendations of the
American Academy of Pediatrics,16 at 71 hospitals affiliated with
30 certified participating centers throughout the United States.
Infants with prethreshold ROP in at least 1 eye (Table 1) were
registered as potentially eligible for the study and monitored for a
minimum of 4 hours with continuous pulse oximetry. Registered
candidates were excluded as ineligible whenever their median
pulse oximetry was greater than 94% saturation while breathing
room air or they had lethal anomalies or congenital anomalies of
the eye. The family or guardian of eligible infants was approached
for consent if the attending neonatologist agreed that randomization to either oxygen saturation target range could be achieved
and would be medically safe, and that the infant’s caretaker would
be able to comply with the follow-up appointments. The diagnosis
of prethreshold ROP in at least 1 eye then had to be confirmed
independently by a second examiner to qualify for randomization.
At least 1 of the 2 examiners had to be certified by the STOP-ROP
study; usually both were.

enrollment was permitted as long as at least 1 eye was verified as
remaining at prethreshold within the preceding 48 hours. The
treatment assignment was for the infant to be placed on continuous pulse oximetry monitoring and to maintain oxygen saturation,
as much as possible, in the target range of either 89% to 94%
(conventional) or 96% to 99% (supplemental). Ohmeda 3740 pulse
oximeters and laptop computers with software to monitor, record,
and report trends in oxygen saturation were provided by the
study for each infant. The Ohmeda 3740 pulse oximeter is calibrated at the factory to display a saturation lower by 1.6 saturation
points, compared with other commercial oximeters, to correct for
assumed carboxyhemaglobin and methemaglobin levels. Oximeters provided continuous data to a laptop computer that displayed
real-time oxygen saturation summary graphs and tables updated
every 20 seconds. The percent time in the assigned target range
over varying time periods was displayed (Fig 1). Whenever the
oxygen saturation was out of the target range for ⬎10 of the
previous 20 minutes and the saturation was currently out of range,
the computer produced a unique alarm. The alarm limits on the
oximeter itself were set according to the each hospital’s usual
policy. Using this continuous feedback, the bedside nurse or family could readily make necessary adjustments to the oxygen environment to maximize the time spent in the assigned target range.
Pulse oximetry values were recorded to a computer disk every 40
seconds during the weeks the infant was on study equipment.
Study saturation targets continued for a minimum of 2 weeks,
even if ophthalmic endpoints were reached in both eyes sooner.
After those 2 weeks, treatment assignment and equipment were
stopped after both eyes reached ophthalmic endpoints. Brief periods off equipment were allowed for procedures or baths. Occasionally an infant was ready for discharge home before reaching
study endpoint in both eyes. The parents or guardians were then
trained to use the study oximeter and computer to permit the
assigned treatment to be continued, recorded, and completed at
home.

Intervention

Outcome Variables

Although randomization and initiation of treatment within 24
hours of the diagnosis of prethreshold ROP was the goal, later

Study-certified ophthalmologists and study center coordinators
examined enrolled infants weekly until both eyes reached oph-

Fig 1. Computer screen format. Frequency distributions and oximetry strip chart information provided continuously at the bedside for
nursing management of the pulse oximetry study targets. In this sample, the infant is assigned to the conventional arm (89%–94%
saturation), the area highlighted in gray.

Downloaded from pediatrics.aappublications.org at Univ Of Hawaii on June 6, 2013

ARTICLES

297

thalmic endpoints and again at 3 months’ corrected age (that is, 3
months past the term due date of 40 weeks’ postmenstrual age
[PMA]). The computers and oximeters were covered during examinations to maintain masking of the ophthalmologists. To standardize diagnoses, all ophthalmologists were certified in the completion of study data forms. If they had not been previously
certified during the acute phase of the CRYO-ROP or Light Reduction-ROP studies,23 their use of the international classification
of ROP24 was certified by study headquarters through a series of
dual examinations of infants with ROP. Standard fundus photographs of degrees of severity of posterior pole dilation/tortuosity
were provided to each center for use at the bedside to promote
uniformity of the diagnosis (Fig 2). For the STOP-ROP study, plus
disease was defined as “at least 2 quadrants of dilation and
tortuosity of the posterior pole vessels.” Study personnel completed annual recertification throughout the study.
An adverse ophthalmic endpoint was defined as progression to
threshold ROP (or worse), diagnosed by 1 study-certified ophthalmologist and confirmed independently by a second study-certified ophthalmologist. Eyes confirmed to have reached threshold
ROP were referred for possible cryotherapy or laser therapy. The
definition of threshold ROP (Table 1) in zone II was the same as
that used by the CRYO-ROP study; however, in zone I, the definition was modified to permit a diagnosis of threshold at slightly
less severity of ROP than required by the CRYO-ROP study because zone I threshold ROP, as defined in CRYO-ROP, progressed
to poor retinal outcomes in 78% of eyes even with cryotherapy.3
A favorable ophthalmic endpoint was defined as regressing
ROP in zone III for at least 2 successive weekly examinations, or
full retinal vascularization. Ophthalmic outcomes at 3 months’
corrected age were classified as: 1) unfavorable when there were
findings of total or partial retinal detachment or when the visual
axis was otherwise obstructed, 2) indeterminate when there was
macular ectopia, or 3) favorable when there were only minor

peripheral findings, laser or cryotherapy scars, or active ROP in
zone II or III. The uncommon finding of continued active ROP at
3 months’ corrected age was followed whenever possible with a
repeat examination at 6 months’ corrected age, although this
situation had not been anticipated when the STOP-ROP protocol
was developed. Whenever missed examinations or death caused
incomplete endpoint dating or diagnosis of an eye’s endpoint, all
available eye data were provided to an ophthalmic endpoints
committee of 3 ophthalmologists masked to the treatment assignment. The committee reached consensus on the outcome of each
eye according to the following categories: 1) almost certainly
reached adverse ophthalmic endpoint, 2) may have reached adverse ophthalmic endpoint, 3) indeterminate, 4) may have reached
favorable ophthalmic endpoint, or 5) almost certainly reached
favorable ophthalmic endpoint. Only consensus votes of 1 or 5
were used in any subsequent secondary analyses, and the committee was unaware of this analysis decision when they met (votes
2, 3, or 4 were treated as unknown).
Pediatric data were recorded at the time of randomization, at
weekly intervals throughout the intervention period, and again at
3 months’ corrected age. These data included duration of oxygen
use and hospitalization after randomization; weight, length, and
head circumference; use of diuretics, methylxanthines, or steroids;
a checklist of specified adverse events; and episodes of rehospitalization. The age for achieving full nipple feeds was determined
as the first day of 3 consecutive days of taking all enteral feedings
by mouth. The questions for the Hollingshead classification of
socioeconomic status (SES) were asked at discharge.25 Adverse
events, rehospitalizations, and deaths before 3 months’ corrected
age were reported as they occurred. The Revised Parental Denver
Questionnaire was administered at 3 months’ corrected age.26
All deaths and rehospitalizations were reviewed by 3 neonatologists masked to treatment assignment to determine whether
pulmonary disease was the primary cause of death or rehospital-

Fig 2. Standard photographs for the STOP-ROP study: fundus photographs of the posterior pole (visible with a direct ophthalmoscope),
showing examples of mild to moderate posterior pole dilation/tortuosity and samples of retinas without this finding.
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ization. Pneumonia/chronic lung disease (CLD) events were defined as probable or definite pneumonia, an acute exacerbation of
CLD, or some combination of these 2 such that the study neonatologist could not distinguish between them.

Pulmonary Score
A composite pulmonary score was developed to describe the
pulmonary status of each infant at baseline. The pulmonary score
was calculated as:
Pulmonary score ⫽ (Fio2) (support) ⫹ (medications)
where Fio2 is expressed as a fraction (room air ⫽ .21); support ⫽
2.5 if on ventilator, 1.5 if on nasal or endotracheal continuous
positive airway pressure (CPAP), and 1.0 if on nasal cannula, hood
oxygen or off oxygen; and medications ⫽ .05 each for methylxanthines or intermittent diuretics, .10 for daily diuretics, .10 for
inhaled steroids, and .20 for systemic steroids for CLD. Therefore,
the pulmonary score could have a range of values between .21 (no
pulmonary support, oxygen, or medications) and 2.85 (assuming
that an infant would not be on both inhaled and systemic steroids). The baseline pulmonary score correlated well with pulmonary rehospitalizations, pulmonary deaths, and markers of CLD
severity, such as duration of oxygen therapy (data not shown).

Sample Size and Data Monitoring
The progression rate to threshold was monitored by the Data
and Safety Monitoring Committee at annual meetings. An early
stopping guideline was constructed for ophthalmic benefit at an
overall ␣-value of .025, and a stopping guideline for ophthalmic
harm at an overall ␣-value of .10, allowing for repeated interim
analyses27 using the software of Reboussin (Madison, WI, University of Wisconsin, Department of Statistics). A sample size of 880
infants (to achieve 816 cases with final outcome data) was calculated as necessary to provide 90% power with an overall type I
error rate of .025 to detect a one third reduction in progression to
threshold disease or a 10% absolute reduction based on a predicted rate of progression of 30% in the conventional arm.1 Adverse events were reviewed biweekly, and deaths were reviewed
immediately by a neonatologist on the Data and Safety Monitoring
Committee. All adverse events were reviewed at each meeting of
the full Committee.
In 1997, the Data and Safety Monitoring Committee, after the
enrollment of 449 children over 3.3 years, expressed concern about
the ability of the study group to enroll the target number of 880
infants within 5 years, given consistent enrollment rates averaging
11.2 infants per month. Furthermore, new reports of nonrandomized case series in human infants suggesting a strong beneficial
effect of supplemental oxygen,28,29 as well as publication of additional animal model data,30 –35 supported the hypothesis of the
STOP-ROP study, which might adversely affect enrollment. Calculations at that time showed that an enrollment of 633 infants
completing the study would provide 83% power to detect a fall in
the progression rate from 30% to 20%. The Committee members,
who were not masked to study ophthalmic outcomes (although
masked to treatment assignment) at the time of the review, recommended that recruitment continue through March 1999 with a
revised enrollment goal of at least 633 infants. The final number of
649 enrollees, with ophthalmic endpoints available for 597, resulted in a power of ⬃80% against the designed alternative.

Statistical Analyses
Primary analyses were performed on all enrollees according to
the assigned treatment arm (intention-to-treat) using the groupsequential method of Kim and DeMets.27 Secondary categorical
characteristics of the patients in the 2 arms were compared by 2
test, and group differences of continuous factors were compared
with Student’s t test and Wilcoxon rank-sum test. Logistic regression was used for the adjustment of progression rates for covariates. All P values presented are 2-sided and are unadjusted for the
5 interim examinations of the data, ie, are nominal P values, unless
otherwise specified. Analyses were conducted with SAS software
(SAS Institute, Cary, NC).36

RESULTS
Patients
Comparability of Enrolled and Registry Infants

From February 9, 1994, through March 31, 1999,
1847 infants with prethreshold ROP in at least 1 eye
were registered at the participating centers. Of these,
634 (34%) were ineligible because either their pulse
oximetry was greater than 94% in room air, or they
had fatal or congenital eye anomalies (Fig 3). Of 1213
clinically eligible infants, 649 (54%) were enrolled.
Reasons for nonenrollment were refusals of the family/guardians or the neonatologist (368), nonconfirmed prethreshold ROP (41), enrollment in conflicting studies (9), judgment that the infant was too ill to
attempt randomization to the supplemental arm (28),
inability of the family to comply with follow-up visits (41), imminent transfer to another hospital (8),
and others. Of the ineligible infants, 99% had pulse
oximetry greater than 94% in room air. Nonenrolled
infants, including both those ineligible and those
eligible but not enrolled (1198), weighed more at
birth than enrolled infants (787 ⫾ 287 vs 726 ⫾ 160 g;
P ⬍ .001) and had a slightly higher gestation at birth
(25.7 ⫾ 1.8 vs 25.4 ⫾ 1.5 weeks; P ⬍ .01).
Comparability of Treatment Arms

Of the enrolled infants, 325 were randomized to
the conventional arm, 324 to the supplemental arm,
and their study completion rates are shown in Fig 3.
The primary ophthalmic endpoint was available for
597 (92%) and was not recorded for 52 infants because of death (2), parental withdrawals from the
study treatment (18), treatment with cryotherapy/
laser before reaching ophthalmic endpoints (5), and
missed eye examinations (27). Ophthalmic evaluations at 3 months’ corrected age were completed for
600 infants and were unavailable for 49 because of
death (16), withdrawal (31), and loss to follow-up (2).
(Three additional infants in the supplemental arm
not shown in the figure returned for just the neonatal
portion of the 3-month evaluation). Rates of noncompletion were similar for both treatment arms (Fig 3).
Baseline demographic and pediatric characteristics
are shown in Table 2, and ophthalmic baseline characteristics in Table 3. Randomization resulted in similar groups. Enrollment and randomization occurred
at a PMA (PMA ⫽ gestational age at birth plus
chronological age) of 35.4 ⫾ 2.5 weeks (range: 30 – 48
weeks). The baseline pulmonary severity score and
the mode of oxygen support were similar between
the 2 arms. Many infants were on diuretics (54%) and
methylxanthines (70%), and 29% had received steroids for CLD in the week before enrollment.
The ophthalmic baseline characteristics shown in
Table 3 were also similar between the conventional
and supplemental arms. There were no significant
differences between the treatment arms in the number of infants enrolled in each ROP severity stratum
or substratum. For the more severe forms of ROP
represented in stratum A, 4.3% of enrollees had 1 eye
at or beyond threshold (therefore, only 1 study eye),
and 23.4% had 1 or both eyes with at least 1 clock
hour of ROP in zone I. In stratum B, infants with
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Fig 3. Patient enrollment flow diagram.
There were several subjects without primary ophthalmic endpoints who nonetheless continued with follow-up examinations; therefore, there are more completed
3-month examinations than primary ophthalmic endpoints. Three additional supplemental infants completed the 3-month neonatal outcome examination, although they
failed to complete the ophthalmic 3-month
examination (not shown in figure).

zone II ROP in both eyes comprised 51% of all enrollees, and the remaining 21% entered the trial with
the prethreshold eye’s fellow eye at less than prethreshold ROP. There were no significant differences
between the 2 arms in the number randomized
within the first 24 hours after observing prethreshold
ROP and in the numbers randomized after a longer
period (Table 3). The elapsed time from the first
diagnosis of prethreshold ROP to randomization was
⬍24 hours in 33% of infants and ⬎48 hours in 27% of
infants.
Adherence to the Protocol

Oxygen requirements increased significantly for
the infants randomized to the supplemental range.
The average oxygen concentration increased from
36% ⫾ 14% pretreatment to 46% ⫾ 20%, 24 hours
300

after randomization for those infants on a ventilator,
CPAP, or hood oxygen; the average increase was
9.5% ⫾ 16.5%. For infants on nasal cannula, the interactions between flow, infant size, and the oxygen
concentration administered by cannula made estimation of the change in oxygen concentration more
complex. Using the conversion formula of Benaron
and Benitz,37 average transformed oxygen concentration for infants on nasal cannula rose from 26% ⫾ 6%
before, to 31% ⫾ 11% 24 hours after randomization
to the supplemental arm; the average increase was
5% ⫾ 9%. During the same 24-hour period, infants
assigned to the conventional arm experienced a
change from 36% ⫾ 17% to 32% ⫾ 15% in the infants
on a ventilator, CPAP, or hood oxygen, and from
28% ⫾ 10% to 26% ⫾ 11% in the nasal cannula
infants. (The 53 conventional and 25 supplemental
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TABLE 2.

Baseline Characteristics of Enrollees
Number Enrolled

Birth weight (g)*
Gestational age (wk)*
PMA (wk)*
Weight at entry (g)*
Gender (% male)
Race
White
Black
Hispanic
Others
Pulmonary status
Pulmonary score*
Ventilator
CPAP or hood
Nasal cannula
No oxygen
Medications
Methylxanthines
Diuretics
CLD steroids†
SES‡
High (35–66)
Intermediate (20–34)
Low (0–19)
Missing

Conventional
325

Supplemental
324

Totals
649

721 ⫾ 160
25.4 ⫾ 1.5
35.3 ⫾ 2.6
1538 ⫾ 445
53.9%

731 ⫾ 161
25.4 ⫾ 1.5
35.4 ⫾ 2.5
1556 ⫾ 442
60.5%

726 ⫾ 160
25.4 ⫾ 1.5
35.4 ⫾ 2.5
1547 ⫾ 443
57.2%

180
91
31
23

(55%)
(28%)
(10%)
(7%)

179 (55%)
101 (31%)
26 (8%)
18 (6%)

359
192
57
41

.53 ⫾ .36
46 (14%)
57 (18%)
210 (64%)
12 (4%)

.56 ⫾ .37
57 (18%)
55 (17%)
203 (63%)
9 (3%)

.55 ⫾ .37
103 (16%)
112 (17%)
413 (64%)
21 (3%)

68.6%
52.3%
28.1%

72.5%
57.1%
30.6%

70.1%
54.1%
29.3%

27%
30%
29%
14%

27%
29%
26%
19%

27%
29%
27%
16%

(55%)
(30%)
(9%)
(6%)

* Mean ⫾ standard deviation.
† Steroids given systemically for CLD within the past week, not including inhaled steroids. Excludes 33 conventional and 40 supplemental
infants from the early months of the study when data on the use of steroids were not being collected.
‡ SES by Hollingshead criteria,25 as assessed at discharge.
TABLE 3.

Baseline Ophthalmic Characteristics By Treatment Group
Characteristic
n

Conventional
%

n

Supplemental
%

Total
n

%

325

100%

324

100%

649

100%

Stratum A—at least 1 eye PT ROP*
Fellow eye worse than PT
At least 1 eye zone I†
Stratum B—at least 1 eye PT
Both eyes zone II PT
1 eye less than PT

14
77

4.3%
23.7%

14
75

4.3%
23.2%

28
152

4.3%
23.4%

167
67

51.4%
20.6%

164
71

50.6%
21.9%

331
138

51.0%
21.3%

Infants with zone I ROP
Infants with zone II ROP

88
237

27.1%
72.9%

91
233

28.1%
71.9%

179
470

27.6%
72.4%

112
212

34.6%
65.4%

219
430

33.7%
66.3%

100
128
95
1

31.6%
39.6%
29.4%

215
255
177
2

33.2%
39.4%
27.4%

Plus disease infants‡
107
32.9%
Non-plus disease infants
218
67.1%
Time from first§ PT diagnosis to randomization (infants in category)
ⱕ24 h
115
35.5%
⬎24, ⱕ48 h
127
39.2%
⬎48 h
82
25.3%
Missing
1

* PT indicates prethreshold retinopathy of prematurity.
† Note that in stratum A, infants with bilateral zone I ROP and 1 eye already at threshold or beyond, are categorized as “fellow eye worse
than prethreshold.”
‡ Plus disease is defined as present when there is posterior pole vascular dilation and tortuosity in at least 2 quadrants. An infant is a plus
disease infant if at least 1 study eye has plus disease at baseline. Similarly, an infant is a zone I infant if at least 1 study eye has zone I
ROP.
§ “First PT diagnosis” is the date/time of the first examination that showed prethreshold ROP in at least 1 eye that was subsequently
confirmed on a second examination.

infants who changed mode of support in 1 direction
or the other between nasal cannula and ventilator/
CPAP/hood during the first 24 hours after randomization are not included in these calculations.)
Table 4 demonstrates that the distributions of me-

dian saturations achieved over the first 2 weeks after
randomization were different for the 2 treatment
arms. During the first 2 weeks, only 8.0% of median
saturations for infants assigned to the conventional
arm were in the supplemental range or higher, and
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TABLE 4.
Distribution of Infants According to Median Pulse
Oximetry Over the First Two Weeks on Study
Median Pulse
Oximetry Value Over
First 2 Weeks, (%)

Conventional
Arm*
n ⫽ 325

Supplemental
Arm*
n ⫽ 324

⬍89
89
90
91
92
93
94
95
96
97
98
99
100
Missing

.0
.0 
.3 
16.9 
34.5 
19.1 
14.5 
6.2
3.7
2.8
.9
.0
.6
.6

.0
.0
.0
.0
.3
.3
1.2
6.8
23.5 
56.5 
9.6 
.6 
.3
.9

The  symbols indicate the targeted range of saturation values for
each arm of the study.
* Each study arm column gives the percentage of all subjects in
that column whose median pulse oximetry over the first 2 weeks
on study was at the level shown in the left hand column.

only 1.8% of median saturations of infants assigned
to supplemental therapy were in the conventional
range or lower. Pulse oximetry was recorded from all
enrollees for these first 2 weeks of study participation, but beyond this period, as the eyes reached
study endpoints, fewer infants remained on equipment to contribute to the accumulating oximetry
data. In addition, as some infants in the conventional
arm had resolution of their CLD, their saturations

became greater than 95% while breathing room air.
Figure 4 shows the smoothed overall frequency distribution of the saturation values (1 reading every 40
seconds) for the full period until ophthalmic endpoints for all infants enrolled. These data also include the 81 conventional and 85 supplemental infants who continued to use study equipment at
home. Refusal of the parents or guardians to take the
study equipment home on the day of discharge was
a primary cause of premature cessation of pulse
oximetry and study assigned oxygenation, occurring
in 26 conventional and 24 supplemental subjects.
Many of these families/guardians were willing to
continue returning for weekly follow-up examinations, and therefore, were not withdrawn from the
study. Comparison of the SES of families who refused equipment, with those that accepted it at
home, showed no relationship between SES and refusal of this major home challenge, nor success in
remaining in the target zones at home (data not
shown).
Ophthalmic Outcome Data

The primary outcome, the proportion of infants
with at least 1 eye progressing to confirmed threshold ROP, is shown by treatment arm in Table 5 for all
infants and for subgroups of infants defined by baseline ophthalmic characteristics. Overall, 48.5% (145/
299) of infants with study endpoints and assigned to
the conventional arm progressed to confirmed
threshold ROP in at least 1 eye, compared with 40.9%

Fig 4. Smoothed frequency distribution of pulse oximetry saturation values
for the conventional and supplemental
oxygen arms throughout the duration
of time on study equipment. Pulse
oximetry saturation values were recorded to disk for later analysis once
every 40 seconds throughout the time
an infant remained on study equipment
(range: 2–25 weeks).

302

SUPPLEMENTAL OXYGEN FOR RETINOPATHY OF PREMATURITY
Downloaded from pediatrics.aappublications.org at Univ Of Hawaii on June 6, 2013

TABLE 5.

Progression to Threshold ROP* by Ophthalmic Characteristics and Treatment Assignment
Characteristic

Enrolled
Without eye endpoints†
With eye endpoints†

Conventional
n
%

Supplemental
n
%

Total
n

%

325
26
299

100%
8%
92%

324
26
298

100%
8%
92%

649
52
597

100%
8%
92%

Infants with eye endpoints†
Progression to threshold
Stratum A (progressed/total)
Fellow eye worse than PT‡
At least 1 study eye zone I
Stratum B (progressed/total)
Both eyes zone II PT
1 eye less than PT

299
145
46/84
8/13
38/71
99/215
80/152
19/63

100%
48%
55%
62%
54%
46%
53%
30%

298
122
37/81
8/14
29/67
85/217
66/152
19/65

100%
41%
46%
57%
43%
39%
43%
29%

597
267
83/165
16/27
67/138
184/432
146/304
38/128

100%
45%
50%
59%
49%
43%
48%
30%

Infants with zone I ROP, in at least 1
eye
Infants with zone II ROP

46/82

56%

41/83

49%

87/165

53%

99/217

46%

81/215

37%

180/432

42%

Plus disease infants§
Non-plus disease infants§
Time elapsed from randomization㛳
All study eyes
To adverse outcome, wk
To favorable if resolved, wk
Eyes ⬍PT ROP at randomization
To adverse outcome, wk
To favorable outcome, wk
Eyes without plus disease
To adverse outcome, wk
To favorable outcome, wk
Eyes with plus disease
To adverse outcome, wk
To favorable outcome, wk

54/103
91/196

52%
46%

59/103
63/195

57%
32%

113/206
154/391

55%
39%

2.4 ⫾ 2.0
9.0 ⫾ 3.8
14/62 (22.6%)
1.7 ⫾ 1.1
7.8 ⫾ 3.8

2.7 ⫾ 2.0
9.5 ⫾ 4.0
14/61 (23.0%)
3.2 ⫾ 1.3
8.2 ⫾ 3.9

2.5 ⫾ 2.0
9.2 ⫾ 3.9
28/123 (22.8%)
2.4 ⫾ 1.4
8.0 ⫾ 3.8

2.3 ⫾ 2.1
8.9 ⫾ 4.0

2.7 ⫾ 2.0
9.5 ⫾ 4.1

2.5 ⫾ 2.1
9.2 ⫾ 4.1

1.6 ⫾ 1.0
7.5 ⫾ 2.9

2.2 ⫾ 1.9
7.1 ⫾ 3.3

1.9 ⫾ 1.6
7.3 ⫾ 3.1

* Infant ophthalmic outcomes based on progression of at least 1 study eye to threshold ROP. If an infant entered the study with 1 eye
already at threshold or worse, that eye was not a study eye, and the infant’s outcome is based on only the study eye.
† “Eye endpoints” means that for that infant, the primary endpoint of either 1) at least 1 eye progressing to threshold, or 2) all study eyes
not progressing to threshold is known.
‡ PT indicates prethreshold ROP.
§ “Plus disease infants” are those who have at least 2 quadrants of posterior pole dilation/tortuosity in at least 1 study eye, whereas
“non-plus disease infants” have all study eyes with 0 or 1 quadrant of posterior pole dilation/tortuosity.
㛳 Mean ⫾ standard deviation.

(122/298) in the supplemental arm. The difference
between treatment arms was not significant at the
designed 1-tailed ␣-level of .025, as adjusted for sequential testing. However, the difference was still
suggestive, with a 1-tailed P value adjusted for repeated interim analyses of .032.38 When eyes whose
outcomes could be assigned by the Ophthalmic Endpoints Committee were included (31 infants: 15 conventional and 16 supplemental), the progression
rates remained similar: 46.2% (145/314) and 39.5%
(124/314) for the conventional and supplemental
arms, respectively (data not shown).
Analysis by stratum or zone of baseline ROP
yielded similar results. The high severity ROP stratum A infants progressed to threshold more frequently than the lower risk stratum B infants (50% vs
43% overall). Higher rates of progression in the conventional arm than in the supplemental arm were
observed for both ROP severity strata (55%– 46% in
stratum A and from 46%–39% in stratum B). When
severity was alternatively examined by zone of prethreshold ROP, progression rates also were lower in
the supplemental arm (56% vs 49% for zone I and
46% vs 37% for zone II; conventional vs supplemental, respectively); however, none of these differences
were statistically significant. In contrast, when pro-

gression rates were examined in relation to plus disease, the subgroup analysis revealed a difference.
Infants without plus disease in either study eye progressed to threshold 46% versus 32% of the time in
the conventional and supplemental arms, respectively (P ⫽ .004). When at least 2 quadrants of posterior pole dilation/tortuosity were present in either
study eye at baseline, 52% of conventional versus
57% of supplemental infants had at least 1 eye
progress to threshold (P ⫽ .484).
Adverse outcomes occurred soon after randomization in both groups as shown in Fig 5A, and the
elapsed time from study entry to adverse ophthalmic
endpoints was slightly longer in the supplemental
arm compared with the conventional arm. Mean progression time to threshold disease was 2.4 weeks for
eyes in the conventional arm and 2.7 weeks for eyes
in the supplemental arm. Eyes with plus disease at
study entry progressed to threshold disease most
rapidly, at a mean of 1.6 and 2.2 weeks in the conventional arm and supplemental arm, respectively.
Eyes without plus disease took somewhat longer
(mean of 2.3 weeks and 2.7 weeks, respectively; Table 5). Achieving a favorable outcome took longer
(Fig 5B), and the time to full vascularization or zone
III vessels on 2 consecutive examinations in eyes
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Fig 5. Cumulative rate curves demonstrating the differences in both the proportion and timing of adverse (A) and
favorable (B) ophthalmic outcomes by
study arm.
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without progression to threshold disease occurred in
the conventional arm at a mean of 9.0 weeks and in
the supplemental arm at a mean of 9.5 weeks.
Threshold ROP, when it occurred, was diagnosed at
an average PMA of 36.8 weeks (range: 31.6 –50.9
weeks) in the conventional arm, and an average of
37.3 weeks’ PMA (range: 32.3– 45.1 weeks) in the
supplemental arm (data not shown in table).
Multiple regression analysis was conducted to adjust for minor variations in baseline characteristics
with both simple and complex models. The complex
model included treatment assignment, ROP stratum,
race, gender, gestational age, small for gestational
age status, the baseline pulmonary severity score,
plus disease, late versus on-time enrollment, degree
of compliance with assigned saturations, interactions
of these variables with treatment assignment, and
study center. The analysis did not alter the conclusions, but did confirm that both black race (odds
ratio [OR]: .44; 95% confidence interval [CI]: .20,.94)
and higher gestational age (OR: .80 per week; 95%
CI: .66,.98) provide important significant protective
effects in reducing the chance of progression of prethreshold ROP to threshold ROP, regardless of treatment arm, while having 2 or more quadrants of
posterior pole dilation/tortuosity (plus disease) increased the risk of progression to threshold (OR: 1.71;
95% CI: .95,3.10). In the simplified model, the OR for
the supplemental arm after adjustment for ROP risk
stratum, plus disease, race, and gestational age was
.72 (95% CI: .52,1.01).
Peripheral ablation utilized laser therapy in 93% of
treated eyes (73% diode and 20% Argon) and cryotherapy alone in 7%. Four percent of treated eyes
received both laser and cryotherapy. Final ophthalmic outcomes based on all study eyes at 3 months’
corrected age (or 6 months for 12 conventional and
18 supplemental eyes) revealed adverse outcomes
(partial or total retinal detachment, retinal folds, or
obstruction of the visual axis) in 4.4% of the study
eyes in the conventional and 4.1% in the supplemental arms, and macular ectopia in an additional 3.9%
of the study eyes of the conventional arm and 3.9% of
the study eyes of the supplemental arm. Among just
those eyes that developed threshold ROP and were
treated with peripheral surgical ablation, 9.2% in the
conventional arm and 13.2% in the supplemental
arm had adverse ophthalmic outcomes at 3 to 6
months (excludes macular ectopia that occurred
in 6.3% of conventional and 7.7% of supplemental
laser/cyro-treated eyes).
Pediatric Outcomes

We hypothesized that infants in the supplemental
arm would grow and gain weight faster than infants
in the conventional arm, but there were no differences between their growth rates during the initial
first 2 weeks, later during the hospitalization period
(data not shown), or at 3 months’ corrected age (Table 6).
However, markers of CLD severity both during
hospitalization and remaining at 3 months’ corrected
age (50 weeks’ PMA) suggest a somewhat worse
pulmonary status in the supplemental arm after ran-

domization, although there were no differences in
the baseline status measures (Table 2). As shown in
Table 6, the conventional arm had fewer infants with
1 or more episodes of pneumonia or CLD exacerbation than did the supplemental arm, 25 (8.5%) versus
38 (13.2%; P ⫽ .066), and there were also fewer total
episodes in the conventional arm (29 vs 51). Using
the baseline pulmonary scores to further examine
this, infants were divided into higher and lower pulmonary risks at the overall median pulmonary score
of .430. The difference in pneumonia/CLD events
was confined to the infants with the higher half of the
pulmonary scores (10.6% in the conventional arm vs
18.7% in the supplemental arm; P ⫽ .051) and did not
differ among the infants with the lower half of the
pulmonary scores (6.5% in the conventional arm vs
6.8% in the supplemental arm; P ⫽ .93; data not in
table). Rehospitalization rates for pulmonary causes
(excluding for apnea alone), and death rates from
pulmonary causes were similar in the 2 arms (Table
6). However, at the 3-month examination (50 weeks’
PMA), more infants in the supplemental arm remained hospitalized (12.7% vs 6.8%; P ⫽ .012), on
oxygen (46.8% vs 37.0%; P ⫽ .020), and on diuretics
(35.8% vs 24.4%; P ⫽ .002). The proportion of infants
who experienced any 1 or more of these adverse
pulmonary events by 3 months’ corrected age as
defined by remaining hospitalized, remaining on
study equipment, oxygen, steroids, methylxanthines,
or diuretics was significantly higher in the supplemental arm than in the conventional arm (57% vs
46%, respectively; P ⫽ .005). Regression analysis adjusting for the important baseline covariates of race,
ROP severity, gestational age, and pulmonary status
did not change the significance of these findings.
Adverse events from sepsis without pneumonia
did not differ between the 2 arms, and survival
through the 3-month examination was similar (97.8%
conventional vs 97.2% supplemental). Mean PMA at
discharge for those infants going home was the same
in both arms at 41 ⫾ 3 weeks (range: 35–56), and
infants in both arms were able to take oral feeds
without a gastric tube at the mean PMA of 39 weeks.
At the 3-month follow-up examination, developmental levels as assessed by the Revised Parental Denver
Questionnaire were similar (equivalent ages ⫽ 3.5 ⫾
1.4 months in the conventional arm vs 3.4 ⫾ 1.4
months in the supplemental arm).
DISCUSSION

These findings demonstrate that supplemental oxygen, as used in this study for prethreshold ROP, did
not significantly decrease the proportion of infants
who have at least 1 eye progress to threshold ROP,
although the differences were close to nominal statistical significance. Using the observed conventional
progression rate of 48%, the study has a power of
70% against a 10-percentage point absolute difference, and a power of 98% against a one third reduction, adjusting for the use of repeated interim analyses as described above. The resultant power is
lower than expected because the adverse ophthalmic
outcome rate in the conventional group was higher
than expected.
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TABLE 6.

Pediatric Outcomes Between Randomization and Three Months’ Corrected Age*
Conventional
n ⫽ 325

Event occurring after randomization
Weight gain over the first 2 wk (g; mean ⫾ standard deviation)
Length gain over the first 2 wk (cm; mean ⫾ standard deviation)
Head circumference increase the 1st 2 wk (cm; mean ⫾ standard deviation)
PMA at discharge home† (wk; mean ⫾ standard deviation)
PMA to achieve oral feeding‡ (wk; mean ⫾ standard deviation)
Infants with pneumonia/CLD events (total # of events)§
Infants with sepsis, but no pneumonia/CLD (total # events)
Infants with apnea/bradys triple baseline (total # events)
Outcomes at the 3-month corrected age window㛳
Remained hospitalized¶ (%)
Remained on study equipment (%)
Remained on oxygen (%)
Remained on steroids (%)
Remained on methylxanthines (%)
Remained on diuretics (%)
Infants with any 1 of the above, # of infants (%)#
Outcomes at 3 months’ corrected age examination
Infants rehospitalized (# of all rehospitalizations)
Infants rehospitalized for pulmonary reasons, not apnea (# of all
rehospitalizations)
All deaths, n (pulmonary cause of death, n)
Room air saturations too low to test, n (%)
Room air oxygen saturation for those tested, mean ⫾ standard deviation
Weight gain from randomization (mean ⫾ standard deviation; kg)
R-PDQ developmental level** (mean ⫾ standard deviation; mo)

Supplemental
n ⫽ 324

291 ⫾ 137
1.8 ⫾ 1.8
1.6 ⫾ 1.0
41.1 ⫾ 3.3
39.0 ⫾ 3.5
25 (29)
12 (12)
26 (36)

278 ⫾ 143
1.7 ⫾ 2.0
1.4 ⫾ .9
41.3 ⫾ 3.4
38.9 ⫾ 3.6
38 (51)
11 (11)
30 (33)

6.8%
3.1%
37.3%
12.5%
13.5%
24.4%
148 (45.5%)
n ⫽ 301
99 (132)
46 (53)

12.7%
3.4%
46.8%
14.2%
14.7%
35.8%
183 (56.5%)
n ⫽ 302
87 (116)
41 (49)

7 (3)
17 (6%)
95.3 ⫾ 4.7%
2.96 ⫾ 1.00
3.5 ⫾ 1.4

9 (5)
35 (12%)
94.6 ⫾ 7.7%
2.88 ⫾ 1.05
3.4 ⫾ 1.4

* Corrected age indicates months after the date an infant should have been born at full term (3 months’ corrected ⫽ 52 weeks’ PMA).
† Limited to infants who were discharged to home (ie, excludes deaths, loss to follow-up, and those remaining hospitalized at the 3-month
examination).
‡ Excludes 16 conventional and 33 supplemental infants who were not yet feeding by mouth by 50 weeks’ PMA, 2 conventional and 7
supplemental infants who died before oral feeds, and 6 conventional and 7 supplemental infants with incomplete data. Oral feeds means
that the infant was taking all enteral feedings by nipple (bottle or breast).
§ Excludes 30 conventional and 36 supplemental infants recruited early in the trial for whom these data were not collected.
㛳 The 3-month corrected age window was a target of 12 ⫾ 2 weeks after due date, or 50 to 54 weeks’ PMA. Outcomes are reported as of
50 weeks’ PMA to permit comparisons as some infants were examined late in the window or outside this window.
¶ Values exclude 31 infants with missing data at 50 weeks’ PMA attributable to loss to follow-up (14 conventional and 17 supplemental).
# Number of infants, and percent of all enrollees represented by any 1 or more of the 3-month events.
** R-PDQ indicates the Revised Parental Denver Questionnaire.26

In STOP-ROP, the observed rate of progression
from prethreshold to threshold (48%) in the conventional arm is higher than reported in the
CRYO-ROP study (33%) for a number of reasons
that can be identified. The eligibility criteria for
STOP-ROP excluded nearly half of the infants who
would have been included in the CRYO-ROP
study, and these were the ones that did not require
oxygen and had less severe lung disease at the time
of prethreshold ROP. The STOP-ROP enrollees had
lower birth weights than the CRYO-ROP infants
(726 g in STOP-ROP vs ⬃850 g for CRYO-ROP
prethreshold).1 During the CRYO-ROP study, borderline threshold cases were judged as not threshold, to avoid treating eyes with an unproven intervention. Because peripheral ablation has been
demonstrated to be effective for threshold ROP,
this is no longer true, and as in clinical practice, the
STOP-ROP study judged in favor of the diagnosis
of threshold disease in borderline cases. Finally,
the differences in the STOP-ROP definition of
threshold ROP in zone I (see Table 1) would result
in more infants being diagnosed with threshold
ROP during the STOP-ROP trial.
The STOP-ROP results differ from the 2 smaller
case series in the literature in which supplemental
oxygen for infants with prethreshold ROP was asso306

ciated with a high regression rate of prethreshold
ROP without the need for ablative retinal surgery.28,29
Some of the possible explanations are differences in
patient selection, level of oxygen administration, timing of the intervention, and use of historical controls
in the case series. Infants in these case series may
have had milder ROP than those enrolled in STOPROP, and the effect of that would be higher progression rates in STOP-ROP. The average birth weight of
the infants in that series was 814 g, heavier than the
726-g average birth weight of infants enrolled in
STOP-ROP, and therefore, at lower risk for severe
ROP. In the Gaynon et al28 series, if infants were
mostly detected as having pretheshold ROP before
developing plus disease, the findings in that series
and the subgroup of infants in STOP-ROP without
plus disease would be more consistent. Large differences in reported improvements between historically
controlled case series and randomized trials are well
recognized and are usually attributed to changes in
several aspects of medical care over time, as well as
patient selection. STOP-ROP expended considerable
effort to maximize the time infants were in their
targeted ranges of saturation and not at saturation
levels of 100%. In contrast, however, the saturation
targets were “a minimum of 99%” in the Gaynon et
al study,28 and “a minimum of 98%” in the Seiberth et
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al report.29 Thus, infants in those 2 series probably
had higher average saturation levels than the STOPROP supplemental group. To compare the target
range of the supplemental arm in STOP-ROP as measured by the Ohmeda 3740 oximeter with these other
2 studies, it could be argued that 1.6 saturation
points should be added to the STOP-ROP range to
make the saturation monitor readings equivalent. If
this is done, the STOP-ROP supplemental range becomes 97.6% to 100% saturation, even closer to the
reported series and, therefore, not an explanation of
differences.
Another alternative explanation may be in the timing of treatment. If immediate application of the
supplemental oxygen at prethreshold diagnosis
would provide maximum benefit, it could be argued
that use in standard practice would result in earlier
and possibly more effective treatment of eyes with
prethreshold ROP. Gaynon reports (D. L. Phelps,
personal communication, October 1999) that ROP
screening was performed at weekly intervals in their
series, which could be expected to reduce the number of infants reaching plus disease before beginning
oxygen treatment. Screening examinations before
prethreshold identification were usually performed
every 2 weeks in the STOP-ROP centers, consistent
with the AAP recommendations. In addition, the
process of obtaining both an independent confirming
examination and informed consent of the family or
guardians resulted in delays between the first time
that prethreshold ROP was observed and the start of
the study intervention. In approximately one quarter
of the cases, this was ⬎48 hours.
Oxygen requirements go up by ⬃5 to 9 percentage
points when changing to supplemental oxygen from
the conventional range, emphasizing that infants
truly receive more oxygen when assigned to the
supplemental arm. We had not expected that pulmonary events of pneumonia and/or CLD exacerbations were going to be 1.8 times more likely to occur
in the supplemental arm. The absolute increase in
acute pulmonary events of 7.3% gives a numberneeded-to-treat calculation of 1 more pneumonia/
CLD episode for each 13.7 infants treated with supplemental oxygen. The ROP progression data give a
number-needed-to-treat of 13.2 infants to prevent 1
case of progression to threshold ROP. By this analysis, one could expect ⬃1 episode of pneumonia/CLD
exacerbation for each case of peripheral ablative surgery that might be prevented. That might be regarded as a reasonable trade-off by most neonatologists and ophthalmologists, but the condition of the
infants at 3 months’ corrected age must also be considered. At that time, 97% of subjects were off the
study assigned treatments, and those in the supplemental arm continued to need more oxygen and
diuretics, and a greater number remained hospitalized. Our data suggest that the magnitude of any
benefit from supplemental oxygen in reducing the
need for surgery is likely to be on the order of 7% to
14%, with no reduction in the number of retinal
detachments. The potential long-term advantage of
avoiding peripheral ablative surgery for ROP is unknown, but to the extent long-term side effects might

occur, even a small reduction in surgery rates may be
of value. The potential long-term effects, both of
costs and to the families, of prolonging hospitalization from worsened lung disease also should be considered.
Our original hypothesis was not only that supplemental oxygen would prove beneficial for the eyes of
infants with prethreshold ROP whose pulse oximetry in room air is ⬍94%, but in addition, that it would
be beneficial for CLD, resulting in better growth and
lower pulmonary vascular resistance.39,40 However,
Supplemental oxygen at a target range of 96% to 99%
saturation seemed to have deleterious effects on CLD
in some infants, with no change in growth or neuromotor development. Previous reports of an improvement in weight gain and resolution of cor pulmonale
with oxygen supplementation could be explained if
saturation levels in the control infants of those studies were even lower than the STOP-ROP conventional range. This is certainly possible, because those
reports date from periods preceding the routine
availability of continuous pulse oximetry. Fortunately, others are investigating this question in a
carefully controlled randomized trial in Australia.
The Benefits of Oxygen Saturation Targeting Trial is
currently enrolling infants in a test of the safety and
efficacy of supplemental oxygen for infants with
CLD. ROP is not an entry criterion in that study, but
will be examined as a secondary outcome (D. Henderson-Smart, personal communication, 1999).
These results provide valuable data for the clinician. The STOP-ROP data clearly demonstrate that
oxygen, at saturation levels of 96% to 99% does not
increase the severity of ROP in the eyes of infants
with prethreshold ROP, even in the 123 eyes with
ROP of less than pretheshold severity at randomization. There are no data, however, to suggest that the
higher saturation levels are safe for the early immature eye that does not yet have established ROP. The
reported data apply only to infants who are well
beyond the initial weeks after birth and must not be
interpreted as showing safety of supplemental levels
of oxygen at younger ages.
The present study does not rule out a potential
small reduction in the rate of ROP progression with
supplemental oxygen, and a subgroup analysis suggests that supplemental oxygen, as used in this
study, may be more effective in pretheshold ROP
without plus disease. However, secondary analyses,
not prespecified, must be cautiously interpreted and
require additional study. The predictive value of various possible definitions of prethreshold ROP have
not been systematically studied and reported but
could prove very important and should be investigated. The data show a modest deleterious effect of
supplemental oxygen on CLD in some infants with
more severe lung disease at baseline. Therefore, clinicians must consider which patients might tolerate
the added pulmonary risk of supplemental oxygen
as a therapeutic intervention for their ROP. If an
infant requires saturations of 96% to 99% for cardiopulmonary reasons, fear about causing worse ROP is
not a reason to withhold the oxygen. Results from
other studies, such as the Benefits of Oxygen Satura-
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tion Targeting Trial, may help further our understanding of the effects of supplemental oxygen in
infants with CLD.
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Edward F. Bell, MD; Edward G. Buckley, MD; William W. Hay,
MD; Burton J. Kushner, MD; Linda Snouck-Hurgronje, RN, MS;
Carol R. Taylor, CSFN

Data Coordinating Center
Principal Investigator: Neal L. Oden, PhD; Anne S. Lindblad,
PhD; Co-investigators: Christine Bachy, BS; Stuart H. Berlin, BS;
Diane Brandt, BS; Marsha Guzzey, MLT; Linda Henson; Bernadette Jolles, MA; Elaine Stine; Carol Thomas-Sharp, MS, RN;
Judith Van Lare; Anita Yaffe, MSN, MPH
Boston Consortium: New England Medical Center, Boston City
Hospital, Children’s Hospital, Brigham and Women’s Hospital,
Beth Israel Deaconess Medical Center, Beverly Hospital, Salem
Hospital, South Shore Hospital, Good Samaritan Hospital, Newton Wellesley Hospital, Winchester Hospital, Lowell General Hospital. Principal Investigator: Cynthia Cole, MD; Jane Stewart, MD;
Co-investigators: Brenda MacKinnon, RNC; Tracey Alexander,
RN; Charles Anderson, MD; Mohammed Ashrafzadeh, MD; Caroline Baumal, MD; Amita Bhatt, MD; Richard Blocker, MD; Elizabeth Brown, MD; Mario Cordova, MD; Mark P. Dacey, MD; Jay
Duker, MD; Janine Eagle, MD; Eric Eichenwald, MD; Christy
Faherty, RN; Alan Fujii, MD; James Gray, MD; Mary Elizabeth
Hartnett, MD; Karen Harvey-Wilkes, MD; Julie Hetrick, RN; Mark
Hughes, MD; Michael Ip, MD; Susan Izatt, MD; Robert Lacy, MD;
Joseph Levy, MD; Thomas Margolis, MD; Karen R. McAlmon,
MD; O’Ine McCabe, MD; Maryanne Moore, RN; John Niffenegger,
MD; Sam Nikou, MD; Robert Petersen, MD; Kevin Petit, MD; Eric
A. Pierce, MD; Bill Powers, MD; Maureen Pursley, RN; Elias
Reichel, MD; Leon Remis, MD; Mark Rivellese, MD; Barbara Ann
Shephard, MD; Jeffrey Sorkin, MD; Ann Stark, MD; Susan Struzik,
RN; Tai Tran, MD; Deborah K. VanderVeen, MD; Patricia Vreeland, RT; Richard Wilker, MD; John Wright, MD; Vivian Kim, MD;
Vinay Desai, MD; Bryan Rutledge, MD
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Columbus: Columbus Childrens Hospital, Ohio State University, Grant Medical Center, Mount Carmel Medical Center. Principal Investigator: Richard E. McClead, MD; Co-investigators: Rae
Fellows, MEd; Marci Biel, RNC; Don L. Bremer, MD; Rosalind
Maddox, RRT; Brenda Mann, RNC, BSN; Mary Lou McGregor,
MD; Christina Nye, MD; Phyllis Peterman, RT; Gary L. Rogers,
MD; Ellen M. Rosenberg, MD; John Seguin, MD; Sue Stephen, RN,
MS; Craig W. Anderson, MD; Leandro Cordero, MD
Philadelphia: Thomas Jefferson University, Childrens Hospital
of Philadelphia, Hospital of the University of Pennsylvania, Albert
Einstein Medical Center, Medical Center of Delaware. Principal
Investigator: Alan R. Spitzer, MD; Co-investigators: Linda Corcoran, RN; Jim Cullen, RN; Josh Fosnot, BA; Shobhana Desai, MD;
Jane Fricko, RN; Joan Giannetta, RN; Mary Catherine Harris, MD;
David Hepps, BA; Richard Hertle, MD; Bill Holt, RTT, RN; Kathy
Leef; J. Arch McNamara, MD; Dennis Miller, BA; Kathy Mooney,
RN; Michael Naidoff, MD; Jeanette R Pleasure, MD; Rachael Porat,
MD; Graham Quinn, MD; Terri Saunders, David Schaffer, MD;
Michael Spear, MD; Susan Spinner, MSN; William Tasman, MD;
James Franklin Vander, MD; Martin Wilson, MD; Sharon Zirin,
RN
University of Arkansas: Arkansas Childrens Hospital, University of Arkansas. Principal Investigator: J. David Bradford, MD;
Co-investigators: Peggy Ables, RN; Cynthia Bonner, MD; Michael
Brodsky, MD; Erin Davis, RN, NNP; Kristie Frost, RN, NNP;
Richard W. Hall, MD; Richard Harper, MD; Billy R. Thomas, MD
University of Louisville: University of Louisville, Nortons Hospital, Kosair Childrens Hospital. Principal Investigator: Charles C.
Barr, MD; Co-investigators: David Adamkin, MD; Craig H.Douglas,
MD; Peggy H. Fishman, MD; Nan Hamlyn-Forti, BSN; Tony Hilbert,
John Roberts, MD; Greg Whittington, PsyS;. Judy Wright, BSN
Brown University. Principal Investigator: William Oh, MD;
Co-investigators: Nancy Adams, RN; Dawn Andrews, RN; Arthur
I. Geltzer, MD; Angelita Hensman, RN; Sue Philo-Heroux, RN;
Robert W. Rothstein, MD; Lori Snady-McCoy, MD
Emory University: Crawford Long Hospital, Grady Memorial
Hospital. Principal Investigator: Barbara Stoll, MD; Co-investigators: Antonio Capone, MD; Ann D. Critz, MD; Arlene V. Drack,
MD; Cathy H. Goulding, RN; Daniel F. Martin, MD; Timothy W.
Olsen, MD; Paul Sternberg, MD; Mary Beth White, RN
Indiana University: James Whitcomb Riley Hospital for Children, Wishard Memorial Hospital, Indiana University Hospital,
Methodist Hospital. Principal Investigator: James A. Lemons, MD;
Co-investigators: Dee Dee Appel, RN, Scott C, Denne, MD; Forest
Ellis, MD; Eugene Helveston, MD; Ann McKee, RN; Daniel Neely,
MD; David Plager, MD; Co-principal Investigator: Derek Sprunger,
MD; Dianne Wilson, RN; Leslie Dawn Wright, RN
Stanford University: Stanford University Medical Center. Principal Investigator: David K. Stevenson, MD; Co-investigators: Deborah M. Alcorn, MD; M. Bethany Ball, BS, CCRC; Debora Bone,
RN; Barry E. Fleisher, MD; Michael W. Gaynon, MD; William V.
Good, MD; Dorothy Inguillo, RN
University of Cincinnati: University of Cincinnati, Childrens
Hospital of Cincinnati, E. H. Crump Hospital. Principal Investigator: Edward Donovan, MD; Co-investigators: Miles Burke, MD;
Susan Carden, MBBS, FRACO, FRACS; Sara Colegate, RN; William V. Good, MD; Cathy Grisby, RN; Becky Hitchcock, RT;
Robert K. Hutchins, MD; Arif O. Khan, MD; Uma Kotagal, MD;
Marcia Mersmann, RN; Karen Munson, RN; Rees W. Sheppard,
MD; Constance West, MD
University of Tennessee: Principal Investigator: Sheldon Korones, MD; Co-investigators: Henrietta Bada, MD; Sid Borirak, MD;
Beth Brewer, RN; Gail Camp, RN; Shelia Dempsey, RN; Chris
Devine, MD; Alan Downie, MD; David W. Faber, MD; Sandra
Grimes, RN; Richard Hairston, MD; Barbara Hensley, RN; Tina
Hudson, RN, BSN; Vicki Johnson, RN; Adam Katz, MD; Laura
Manejwala, RN; Joseph Schwartz, MD; Kent Zocchi, MD; Maurice
Landers, MD; Brian Jewart, MD
University of Texas: University of Texas, St. Paul Hospital.
Principal Investigator: Jon E. Tyson, MD; Kathleen Kennedy, MD;
Co-investigators: Rajiv Anand, MD; Gay Hensley, RN; David
Metrikin, MD; Rand Spencer, MD; Sherry Warner, RN; David
Weakley, MD; Charles A. Wilson, MD; Jeannette Burchfield, RN
Wayne State University: Childrens Hospital of Michigan, Hutzel Hospital, Grace Hospital, St. Johns Hospital. Principal Investigator: Mary Bedard, MD; Co-investigators: John D. Baker, MD;
Rebecca Bara, RN; Renato Casabar, MD; Keh-Chyang Liang, MD;
William Lucas, MD; Geraldine Muran, RN; Edward O’Malley,
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MD; James E. Pulkin, MD; John Roarty, MD; Seetha Shankaran,
MD; Michael Trese, MD
Yale University: Childrens Hospital at Yale New Haven. Principal
Investigator: Richard A. Ehrenkranz, MD; Co-investigators: Christine
Bartley, RN; Patricia A. Gettner, RN; Gina Juliano, RN; Monica Konstantino, RN; Susan Moylan, RN; Steven M. Peterec, MD; Jonathan
Sears, MD; Elaine Sherwonit, RN; Kathleen Stoessel, MD
Kapiolani Medical Center: Kapiolani Medical Center. Principal
Investigator: David Easa, MD; John H. Drouilhet, MD; Co-investigators: Kenneth Ash, MD; Neal Atebara, MD; V. Balaraman,
MBBS; Laurie Debuque, RN; John Douglas, MD; Emily Fritz, RN;
Carol Hirai, MD; Lynn Iwamoto, MD; Susan Kau, RNC; Gregg
Kokame, MD; Peggy Liao, MD; Sherry Loo, MD; Joan Meister,
MD; Daniel Murai, MD; Kenneth T. Nakamura, MD; Mary Elaine
Patrinos, MD; Sue Pelke, RN; Gail Post, RN; Sneha Sood, MD;
Donald A. Sroat, MD; Larry Tinsley, MD; Byron Wong, MD;
Vernon Wong, MD
Magee-Womens Hospital: Magee Womens Hospital, West
Penn Hospital, Transitional Infant Care. Principal Investigator:
Beverly S. Brozanski, MD; Kenneth P. Cheng, MD; Co-investigators: Robert L. Bergren, MD; Albert W. Biglan, MD; John S Davis,
MD; Bernard Doft, MD; Marc E. Hoffman, DO, FACS; Judith
Jones, BSN, RNC; Giovanni Laneri, MD; Louis A. Lobes, MD; Karl
R. Olsen, MD; Jeffrey Rinkoff, MD; Roger L. Vazquez, MD
University of Rochester (Study Headquarters): Childrens’
Hospital at Strong. Principal Investigator: Dale L. Phelps, MD;
Co-investigators: Nancy Wood, CCRA; Kathleen Brown, RN; Laurie Mansfield, BS; Gary D. Markowitz, MD; Ernest Guillet, MD;
Jan Morris, RN; Kathy Nicoletta, RN; Steven Rose, MD; Robert
Sinkin, MD; Donald Tingley, MD; Robert Vanderlinde, MD; Scott
Shutts, BA; Childrens Hospital of Buffalo; Co-principal investigator: Vivien Carrion, MD; Co-investigators: James Cummings, MD;
Steven Awner, MD; Diane Marano, RN; Scott Olitsky, MD; James
Reynolds, MD; Marcia Terpin, RN
Tulane University: Tulane University Medical Center, Charity
Hospital. Principal Investigator: Robert Gordon, MD; Co-investigators: James G. Diamond, MD; Beverly Hasty-Voelkel, RN; Debbie Neff, LPN; Jane Reynolds, MD; Thomas G. Storch, MD
SUNY Stonybrook: University Hospital at Stonybrook, Long
Island Jewish Medical Center. Principal Investigator: Pamela A.
Weber, MD; Co-investigators: Michael J. Barondes, MD; Lyle
Browne, MD; Adriann Combs, RNC; Fahdy Elbaba, MD; Kerry
Gallagher, RN; C. Corina Gerontis, MD; Katherine King, MD;
Leonard Kleinman, MD; Sylvia Kodsi, MD; Edmund LaGamma,
MD; Philip Lipsitz, MD; Maury Marmor, MD; Rose Vega McGovern, RN; Barbara Wilkens, RN
Akron Childrens Hospital: Childrens Hospital Medical Center of
Akron. Principal Investigator: Frank W. Kokomoor, MD; Co-investigators: Joyce E. Burton, RN; Mary K. Enlow, MD; Harriet J. Feick,
MD; Clair E. Jaberg, Ann Kelley, RN; Michael J. Kisak; Anthony J.
Locastro, MD; Charles A. Peter, MD; Thomas J. Tsai, MD
Chicago Consortium: University of Illinois at Chicago, Loyola
University and Medical Center, Childrens Memorial Hospital,
Rush-Presbyterian-St. Lukes Medical Center, Cook County Hospital, Illinois Masonic Medical Center, Christ Hospital and Medical Center, Northwestern University, Michael Reese Hospital.
Principal Investigator: Michael J. Shapiro, MD; Co-principal investigator (1994 –1995): Jonathan M. Holmes, MD; Co-investigators:
Ismail Abbasi, MD; Sikander Adeni, MD; Otto Aldana, MD;
Daniel Alter, MD; Kathryn A. Annerino, RN; Subash Arora, MD;
Herbert Becker, MD; Rama Bhat, MD; Harold R. Bigger, MD;
Wutthichai Bunjapamai, MD; Geetha Cattamanchi, MD; Jack A.
Cohen, MD; James W. Collins, MD; Cathleen M. Cronin, MD;
Mark J. Daily, MD; Cheryl L. Davis, MD; Felipe De Alba, MD;
Steven A. DeKowski, MD; Ruth B. Deddish, MD; Angela Dorton,
RN; Philip B. Dray, MD; Lisa A. Duffner; Linda Dusek, RN; David
S. Dyer, MD; Minyuen C. Enger, MD; Joel B. Fisher, MD; Antonio
Fiumara, MD; Steven Friedlander, MD; Vivek Ghai, MD; Jon P.
Gieser, MD; Richard G. Gieser, MD; Mark J. Greenwald, MD;
Navajeeva Ravi Gunawardene, MD; Balagi Gupta, MD; Nancy
Guyer, RN; Amy M. Hennessy, RN; Gonzalo Hernandez, MD;
David C. Hyde, MD; Michell Illian, RN; Renu Jain, MD; Robert D.
Jansen, MD; Lawrence M. Kaufman, MD; Patricia Kling, RN; Ron
M. Kurtz, MD; Catherine Lai; Mary Jo Leamy, RN; Aleyamma
Lukose, RN; Alice T. Lyon, MD; Mathew MacCumber, MD; Kristine M. McCulloch, MD; James F. McDonnell, MD; Carol Menner,
MD; Marilyn B. Mets, MD; Dietra D. Millard, MD; Marilyn T.
Miller, MD; Michael E. Mockovak, MD; Amy Morose, RN; Meg

Naber, RNC, MSN; Pamela Nitz, RN; Edward S. Ogata, MD;
Khozema A. Palanpurwala, MD; Cynthia A. Paulin, RN; John
Payton, MD; Brian A. Phillpotts, MD; Suma Pyati, MD; Tonse
N. K. Raju, MD; Kenneth I. Resnick, MD; Bernadine Rupar, COT;
Christine Sajous, MD; Nydia E. Santiago; Brenda Dunseath-Shuman, RNC; Rebecca A. Simmons, MD; Anjali Singh; Debra L.
Skopec, RN; Marcus J. Solomon, MD; Margaret A. Squires, LPN;
Benjamin H. Ticho, MD; Ushanalini Vasan, MD; Dharmapuri Vidyasagar, MD; Stephen N. Wall, MD; Aaron B. Weinberg, MD;
David V. Weinberg, MD; Angela Wilks, MD; Evangelia Zikos, MD
Oregon Consortium: Legacy Emanuel Childrens Hospital,
Doernbecher Memorial Hospital for Children. Principal Investigator: Raul C. Banagale, MD; Co-investigators: Aazy Arthur Aaby,
MD; Sandra A. Banta-Wright, RNC; Louise M. Baxter, MD;
Jodeanne K. Bellant, MD; Gerda Benda, MD; Nancy D. Binder,
MD, PhD; William J. Brown, MD; Larry Cheldelin, MD; Laurie
Christensen, MD; Victoria DeVito, MD; Nancy G. Dolphin, RN,
BSN; Sharon Dunham, RN; Al Edwards, MD; Joseph T. Gilhooly,
MD; Shawn Goodman, MD; Robert Huston, MD; Patrick K. Lewallen, MD; John McDonald, MD; Rebecca Mischel, MD; David L.
Murphy, MD; Valerie Newman, MD; Craig M. Novack, MD;
Stephanie Owen, RN; Earl A. Palmer, MD; De-Ann M. Pillers, MD,
PhD; Michael Powers, MD; Steven Rimmer, MD; Joseph Robertson, MD; Sue Ann Smith, MD; Andrea C. Tongue, MD; Linda D.
Wallen, MD; David T. Wheeler, MD
Sheridan Childrens Healthcare Services: Plantation General
Hospital, Joe DiMaggio Childrens Hospital. Principal Investigator:
Mitchell E. Stern, MD; Co-investigators: Richard Auerbach; Mark
Dorfman, MD; Jose G. Poliak, MD; Brenda Weinstein, RNC; Kay
Wigton, RNC, MSN
University of Maryland: University of Maryland Medical Center, Mercy Medical Center, St Agnes Hospital. Principal Investigator: Mark W. Preslan, MD; Ira H. Gewolb, MD; Co-investigators:
Begona Aristimuno, MD; Howard J. Birenbaum, MD; Barbara
Bristol, RN; Susan Dulkerian, MD; Ronald L. Gutberlet, MD; Kelly
Hutcheson, MD; Timothy W. Palmer, MD; Michael X. Repka, MD;
Christianne Schoedel, MD; Scott Steidl, MD; Tamara Tanbusch,
RN, BSN; Joanne Waeltermann, MD; Randall V. Wong, MD
Vanderbilt University: Vanderbilt University Medical Center.
Principal Investigator: Stephen S. Feman, MD; Co-investigator:
Robert B. Cotton, MD; Sean Donahue, MD; David A. Johnson, MD;
Amy B. Law, RN; Robbin B. Sinatra, MD; Steven D. Steele, RN;
William F. Walsh, MD
Jacksonville Consortium: University Medical Center, Baptist
Medical Center. Principal Investigator: James Kirk, DO; Michael
W. Stewart, MD; Co-investigators: James P. Bolling, MD; J. Shepard Bryan, MD; Vickie L. Chapman-Shaw, ARNP, RNC; R. Donald
Garrison, MD; Robert W. Hered, MD; Judy Higgison; Lee R.
Hunter, MD; Fred H. Lambrou, MD; Laurie A. Ott, RNC, MSN;
Alexander E. Pogrebniak, MD; Mary Self, RN; Vicki Vargo, Arthur
J. Vaughn, MD; Julie Young, RN
Minnesota Consortium: Fairview University Medical CenterHennepin County Medical Center, Childrens Health Care-Minneapolis. Principal Investigator: Terri L. Young, MD; Co-investigators: Cathryn S. Angel, MD; Catherine M. Bendel, MD; David
Brasel, MD; Kim Chisholm, RN; Stephen Christiansen, MD; Raul
F. Cifuentes, MD; Sally M. Cook, BA; James E. Egbert, MD; Rolf R.
Engel, MD; John Fangman, MD; Pat Geier, RN, NNP; Ann Marie
Holleschau; Alvina M. Janda, MD; Molly Maxwell, RN, BSN;
Carol Miller, RN; Marla M. Mills, RN, MSN, CPNP; Kimberly A.
Neely, MD; Ted Pier, MD; Kristin S. Rebertus, RN, NNP; W.
Pringle Rodman, MD; C. Gail Summers, MD; Nancy L. Trower,
RN, NNP
Oklahoma Consortium: Childrens Hospital of Oklahoma,
Mercy Medical Center. Principal Investigator: Mary Anne McCaffree, MD; Mark Scott, MD; Co-investigators: Reagan H. Bradford,
MD; Randolph D. Brown, MD; Jana Butcher, RN; Edward Co, MD;
Karen Corff, MS, NNP; Annette Grellner, RN; Larry Henson; Lora
King; Sylvia Lopez, MD; Janie M. Shofner, COA, CCRA; Theodore
A. Tolentino, MD; Anne Godart Wlodaver, MD
Childrens Medical Center of Northwest Ohio: Principal Investigator: Malini Satish, MD; Co-investigators: Brian Bradley,
MD; Charles K. Dabbs, MD; Vicky M. Gall, RNC, NNP; Karen
Gunther, RNC, NNP; J. Gregory Rosenthal, MD; Beatrice Troxell,
RNC, NNP
Cook Institute for Research and Education: Spectrum Health:
DeVos Children’s Hospital, Blodgett Hospital. Principal Investigator: Patrick J. Droste, MD; Co-investigators: Carmen Alexander,
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RN, BSN; Ed Beaumont, MD; Louis Glazer, MD; Lynnette Johnson, RN; Alan R. Margherio, MD; Sue Mesecar, BSN, NNP; C. E.
Pippenger, PhD; Michael Spencer, MD; Gerard VanWesop, MD;
Charles Winslow, MD
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