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Background: We compared the incidence of severe reti-
nopathy of prematurity (ROP) and need for laser treatment 
before and after implementing graded pulse oximeter oxygen 
saturation (SpO

2
) targets in extremely preterm infants. Mortality 

and other secondary outcomes were compared.
Methods: Before 2002, we used 90–94% as the SpO

2
 target in 

infants 240/7–276/7wk gestation and birth weight <1,000 g until 
356/7 wk postmenstrual age (PMA). We implemented graded 
SpO

2
 targets based on vaso-obliterative and vaso-proliferative 

phases of ROP in 2002. Group 1 (1995–2001) before, and Group 
2 (2003–2010) after implementation of graded SpO

2
 targets 

based on PMA (83–89% until 326/7 wk, 90–94% until 356/7 wk 
and >94% at ≥ 36 wk PMA).
Results: There were 267 patients in Group 1 and 220 in 
Group 2. There was no significant difference in birth weight or 
gestational age. Severe ROP (adjusted OR: 0.18, 95% CI: 0.11, 
0.30; P < 0.001) and laser surgery rates (adjusted OR: 0.31, 95% 
CI: 0.18, 0.52; P < 0.001) decreased significantly in Group 2. 
There was no difference in mortality (adjusted OR: 0.74, 95% CI: 
0.37, 1.49; P = 0.40).
Conclusion: In this retrospective cohort study, implemen-
tation of graded SpO

2
 targets decreased severe ROP and need 

for laser therapy, without increasing mortality.

Retinopathy of prematurity (ROP) is a leading cause of blind-
ness in premature neonates worldwide. As advances in neo-

natal medicine have improved the survival of extremely preterm 
infants, ROP continues to be a major cause of significant mor-
bidity. Although there are several risk factors associated with the 
development of ROP, the role of supplemental oxygen with ele-
vated arterial oxygen tension is believed to be a major risk factor 
(1–7). Vascular endothelial growth factor (VEGF), an oxygen 
dependent growth factor, has been known to play a signifi-
cant role in the pathogenesis of ROP (8,9). Nonoxygen-related 
growth factors, such as, insulin-like growth factor-1 (IGF-1) also 
interact with VEGF in the pathogenesis of ROP.

Two phases have been described in the pathogenesis of ROP 
(10). After preterm birth and from 22 to ~32 wk postmenstrual 

age (PMA), the key event in the phase I ROP is the process 
of vaso-obliteration. While fetal oxygen saturations are on the 
order of 50–60%, the postnatal environment is relatively hyper-
oxic, with oxygen saturations of 80–100%. This increased oxy-
gen saturation results in decreased levels of hypoxia-inducible 
factor-1 (HIF-1), decreased VEGF secretion, and decreased 
angiogenesis. Hyperoxia associated with supplemental oxygen 
augments this downregulation of angiogenesis. New retinal 
blood vessel growth ceases and existing vessels constrict and 
retract.

Phase II ROP, namely, vaso-proliferative phase, which starts 
around 33 wk PMA, is marked by abnormal vessel growth 
(10). Although angiogenesis is attenuated in phase I ROP, 
programmed development, proliferation, and differentiation 
of retinal neural cells continue, increasing retinal metabolic 
demands. Hypoxia of the peripheral avascular retina ensues 
and VEGF production is increased via HIF-1 acting as a tran-
scription factor. Over production of VEGF is important in 
retinal neovascularization. Since preterm infants have low cir-
culating tissue concentrations of IGF-1 initially, VEGF is unable 
to trigger angiogenesis, because endothelial cell response to 
VEGF is mediated via IGF-1. However, with advancing ges-
tational age, tissue concentrations of IGF-1 increase and reach 
a critical threshold, allowing VEGF-mediated angiogenesis 
and rapid-onset, excessive aberrant vessel growth at the inter-
face between the vascularized and avascularized retina. With 
inadequate oxygenation as with using low-oxygen saturation 
during this time window, extra retinal neovascularization con-
tinues and may result in hemorrhage, fibrous bands, macular 
dragging, and retinal detachment (9). Phase I ROP is clearly 
due to hyperoxia and phase II ROP is due to retinal hypoxia.

The optimal pulse oximeter oxygen saturation (SpO2) target 
for preterm newborns remains controversial (11). To decrease 
the risk of ROP, many neonatal intensive care units (NICUs) 
targeted lower SpO2 in premature neonates receiving supple-
mental oxygen (12). Large randomized trials showed a reduc-
tion in severe ROP among survivors but increased mortality 
before discharge in extremely preterm infants when SpO2 target 
was limited to 85–89% as compared to 91–95% from birth to 
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36 wk PMA (13,14). However, another large randomized study 
did not show a difference in mortality or disability at 18 mo of 
age in infants assigned to saturations of 85–89 vs. 91–95% (15). 
Furthermore, there was no difference in ROP between the two 
groups, which might have been due to the higher median SpO2 
(90.9%) in the lower target group in the study (15).

We targeted SpO2 of 90–94% from 1995–2001 in infants on 
supplemental oxygen with a birth weight (BW) <1,000 g and 
240/7–276/7 wk gestation at birth until 356/7 wk PMA. Once the 
infants reached a PMA of ≥ 36 wk, the SpO2 limits were lib-
eralized to >94%. We changed our practice in 2002, when we 
adopted graded SpO2 targets for all patients with BW <1,000 g, 
gestational age (GA) 240/7–276/7 wk at birth based on the two 
phases of ROP. For those patients <33 wk PMA, target oxygen 
saturations were 83–89% to prevent relative retinal hyperoxia 
during phase I of ROP (10). Once these patients reached a 
PMA of ≥ 33 wk, their target oxygen saturations were liberal-
ized to 90–94% to prevent retinal hypoxia. This corresponded 
to phase II of ROP (10). When these patients reached ≥ 36 wk 
PMA, their SpO2 was further liberalized to > 94% (Table 1). 
The objective of our study was to compare the incidence of 
severe ROP and need for laser treatment before and after the 
adoption of graded SpO2 targets in extremely preterm infants. 
Death before hospital discharge and other secondary outcomes 
were also compared. We hypothesized that using graded SpO2 

targets in extremely preterm infants would decrease the inci-
dence of severe ROP without an increase in mortality when 
compared to using static SpO2 (90–94%) target.

RESULTS
A total of 739 patients born between 240/7 and 276/7 wk and 
with a BW <1,000 g were admitted in the two NICUs from 
1995 to 2010. Fifty-three neonates admitted during 2002 were 
excluded because 2002 was a transitional year. In addition, 97 
patients were excluded from Group 1 and 102 patients were 
excluded from Group 2. A total of 487 patients comprised 
our study population (Figure 1). There were 267 patients in 
Group 1 (1995–2001) and 220 patients in Group 2 (2003–
2010). BW (mean ± SD, 747 g ± 126 vs. 724 g ± 143, P = 0.07) 
and GA (25.6 wk ± 1.1 vs. 25.7 wk ± 1.1, P = 0.16) as well as 
race, gender, multiple gestation, and other maternal/ neona-
tal variables were not significantly different between the two 
groups. However, the use of prenatal steroids (71.5 vs. 83.5%, 
P = 0.002) and surfactant (63.7 vs. 90.6%, P < 0.001) were sig-
nificantly higher in Group 2 compared to Group 1 (Table 2).

After logistic regression analysis of the outcome measures 
to adjust for important covariates (BW, GA, multiple gestation 
indicator, hospital of birth, prenatal steroids, surfactant ther-
apy, gender, and race), there was a significant reduction in the 
incidence of severe ROP (48.3 vs. 21.3%, adjusted odds ratio 
(OR): 0.18, 95% CI: 0.11, 0.30; P < 0.001) and need for laser 
surgery (34.9 vs. 19.7%, adjusted OR: 0.31, 95% CI: 0.18, 0.52; 
P < 0.001) in Group 2 compared to Group 1 (Table 3).

There was no significant difference in mortality before dis-
charge between the two time periods. The incidence of bron-
chopulmonary dysplasia (BPD) was significantly lower and 
there was a slightly lower incidence of severe intraventricular 
hemorrhage in Group 2 when compared to Group 1, but no 
difference in the rate of necrotizing enterocolitis or patent duc-
tus arteriosus between the two groups (Table 4).

Table 1.  Oxygen saturation targets during the 2 study time periods

PMA

Oxygen saturation targets

1995–2001 2003–2010

Until 326/7 wk PMA 90–94% 83–89%

At 33–356/7 wk PMA 90–94% 90–94%

At 360/7 wk PMA >94% >94%

PMA, postmenstrual age.

Figure 1.  Outline of the study population.

Total patient population
24–27 6/7 wk gestation

n = 739

1995–2001
n = 364
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97
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Birth weight >1,000 g-44
Trisomy-3

Failed resuscitation-3
Congenital anomalies-12
Outborn admitted >7 d of

life -38
Death within 1 h of NICU

admission-2

Birth weight >1,000 g-27
Trisomy-4

Failed resuscitation-7
Congenital anomalies-11
Outborn admitted >7 d of

life -47
Death within 1 h of NICU

admission-1

Study
population

group 1
n = 267

Study
population

group 2
n = 220

2003–2010
n = 322

Excluded patients born in
2002 = −53
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DISCUSSION
The primary goal of our study was to evaluate the incidence of 
severe ROP before and after adoption of graded SpO2 targets in 
extremely preterm infants. We show decreased rates of severe 
ROP and laser treatment with the use of graded oxygen satura-
tion targets (Group 2) when compared to static saturation tar-
gets (Group 1). One alternative hypothesis for this improved 
outcome could be improved adherence or compliance by the 
respiratory, nursing and medical staff to target oxygen satura-
tions in these infants secondary to better education and careful 
attention to the SpO2. We have reported improved outcomes 

after implementing potentially better practices such as use of 
lower oxygen saturations in our NICU (16,17). In addition, 
there was no difference in mortality between the two groups, 
and there was a lower incidence of BPD with the use of graded 
SpO2 targets.

The incidence of severe ROP in our study is higher than pre-
viously reported in other randomized studies. However, our 
criteria for severe ROP included all patients with Stage III or 
higher (with or without plus disease), whereas in the Canadian 
Oxygen Trial only patients with Stage IV or V were included 
(15) and in the SUPPORT study only patients with threshold 
disease were included in the criteria for severe ROP (13). We 
included all infants with Stage ΙΙΙ ROP because of its effect 
on visual acuity. Very-low-birth-weight infants with Stage ΙΙΙ 
ROP had significantly lower visual acuity scores compared 
to infants with Stage Ι-ΙΙ at 18–24 mo follow up. The visual 
acuity score improved at 36 mo for infants with Stage ΙΙΙ ROP 
but still lagged behind those infants with Stage Ι-ΙΙ (18). Our 
patients were also less than 26 wk gestation on average and 
their birth weight was about 100 g less than the patients in the 
other studies. As reported by other investigators, intrauterine 
growth restriction is also a risk factor for severe ROP (19). 
Furthermore, survival at discharge was higher in our extremely 
preterm population compared with other trials accounting for 
more survivors, hence higher rate of morbidities.

Appropriate oxygen saturation target for preterm neonates is 
still a matter of debate. In the 1950s, it was discovered that high 
oxygen use led to ROP and blindness (1). With the use of lower 
amounts of oxygen and as the 40% rule came into effect, there 
was an increased incidence of early mortality and poor neuro-
developmental outcome associated with curtailed oxygen use 
(20,21). Since then, SpO2 targets have been based on available 
clinical evidence (22,23). To help resolve the uncertainty of how 
to titrate oxygen therapy in preterm infants <28 wk GA, five large 
randomized trials were designed with the primary outcome of 

Table 2.  Maternal and neonatal demographics

Group 1,  
1995–2001, 
Static SpO2

Group 2,  
2003–2010, 

Graded SpO2

P valuen = 267 n = 220

Birth weight (g)a 747 ± 126 724 ± 143 0.07

Gestational age (weeks)a 25.6 ± 1.1 25.7 ± 1.1 0.16

Female gender (%) 126/267 (47.2) 109/220 (49.5) 0.61

Race-Hispanic (%) 181/267 (67.8) 142/220 (64.5) 0.45

Maternal age (years)a 28.6 ± 7.2 29.0 ± 7.5 0.56

Multiple gestation (%) 42/267 (15.7) 28/220 (12.7) 0.35

Prenatal steroids (%) 188/263 (71.5) 182/218 (83.5) 0.002

ROM >12 h (%) 71/237 (30.0) 48/204 (23.5) 0.13

Maternal infection (%) 57/264 (21.6) 54/218 (24.8) 0.41

C-section (%) 185/264 (70.1) 163/219 (74.4) 0.29

Mechanical ventilation (d)a 39.0 ± 23.6 35.9 ± 33.8 0.25

Surfactant (%) 170/267 (63.7) 193/213 (90.6) <0.001

Inotrope use (%) 238/267 (89.1) 202/220 (91.8) 0.32
aMean ± SD.
ROM, rupture of membranes; SpO

2
, pulse oximeter oxygen saturation.

Table 3.  Primary outcomes

Primary outcomes

Group 1, 1995–2001, static SpO2 Group 2, 2003–2010, graded SpO2

Odds ratioa 95% CIa P valuean = 267 n = 220

Severe ROP (%) (Stage III or higher) 112/232 (48.3) 42/197 (21.3) 0.18 (0.11, 0.30) <0.001

Laser treatment (%) 81/232 (34.9) 39/198 (19.7) 0.31 (0.18, 0.52) <0.001
aAdjusted using logistic regression analysis.
ROP, retinopathy of prematurity; SpO

2
, pulse oximeter oxygen saturation.

Table 4.  Secondary clinical outcomes

Clinical outcomes

Group 1, 1995–2001, static SpO2 Group 2, 2003–2010, graded SpO2

Odds ratioa 95% CIa P valuean = 267 n = 220

Deathb (%) 28/243 (11.5) 22/217 (10.1) 0.74 (0.37, 1.49) 0.40

Bronchopulmonary dysplasia (%) 84/228 (36.8) 55/199 (27.6) 0.46 (0.28, 0.75) 0.002

Necrotizing enterocolitis (%) 37/267 (13.9) 16/218 (7.3) 0.57 (0.29, 1.10) 0.09

Severe IVH (Grade III-IV) (%) 56/233 (24.0) 33/219 (15.1) 0.58 (0.34, 0.99) 0.047

Patent ductus arteriosus (%) 213/267 (79.8) 180/220 (81.8) 0.96 (0.56, 1.66) 0.89
aAdjusted using logistic regression analysis. bDeath before discharge.
IVH, intraventricular hemorrhage; SpO

2
, pulse oximeter oxygen saturation.
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death or neurodevelopmental impairment at 18 mo to 2 y of age 
(13–15,24,25). There were two SpO2 targets, 85–89 or 91–95% in 
these preterm infants who were enrolled within 24 h of age, until 
they reached 36 wk PMA. The SUPPORT trial showed decreased 
rates of severe ROP but increased mortality before discharge in 
the lower SpO2 target of 85–89 vs. 91–95% (13); however, there 
was no significant difference in the composite outcome of death 
or neurodevelopmental impairment but an increased rate of 
death at 18–22 mo in the lower SpO2 target group (24). The 
BOOST II trial was halted because an interim analysis showed 
that survival at 36 wk PMA was higher with the higher oxygen 
saturation target (14). However, 2-y outcomes did not show a 
significant effect on the rate of death or disability (New Zealand 
Collaborative Group) (25). On the other hand, the Canadian 
Oxygen Trial did not show an increase in mortality or disability 
at 18 mo with the lower SpO2 target of 85–89% compared with 
91–95% (15). While some randomized trials suggest not target-
ing SpO2 less than 90% (13,14), one trial found it prudent to tar-
get SpO2 at 85–95% while strictly enforcing alarm limits of 85 
and 95% at all times of oxygen therapy (15). Systematic review 
and meta-analysis of the above trials in extremely preterm 
infants have been reported (26,27). One showed an increased 
mortality but reduced severe ROP with the lower SpO2 target 
(85–89%) and suggested that SpO2 should be targeted at 90–95% 
until 36 wk PMA (26). The other meta-analysis incorporated the 
Grades of Recommendation, Assessment, Development, and 
Evaluation criteria and showed that the quality of the evidence is 
low for the estimate of effect of lower mortality before discharge 
with the higher SpO2 target (91–95%), and suggested that oxy-
gen saturations between 85 and 95% remain acceptable (27,28). 
After reviewing the evidence from the above-randomized trials, 
a single center published their rates of ROP after changing their 
SpO2 targets from 88–92 to 91–95% for preterm infants <30 wk 
GA (29). Their study showed that the rate and severity of ROP 
increased especially amongst extremely preterm infants after 
adopting a higher SpO2 target (91–95%) with no concomitant 
reduction in mortality but the study was underpowered for this 
outcome (29).

Based on the pathophysiology of ROP, studies were designed 
to address the issue of using a higher SpO2 target at 32 wk PMA 
which resulted in reduced progression to severe ROP (30). We 
implemented graded SpO2 targets in 2002, mimicking oxygen 
delivery: oxygen consumption ratios during fetal life. With the 
use of graded SpO2 targets oxygen delivery is increased around 
33 wk PMA and minimizes relative hypoxia to the maturing 
retina. It is possible that a static high or low oxygen saturation 
target may not be the ideal SpO2 target for a disease with vaso-
obliterative and vaso-proliferative phases.

To our knowledge, our study is the first to report the use 
of graded SpO2 targets in neonates less than 28 wk gestation 
(240/7–276/7 wk) and <1,000 g at birth in relation to outcomes. 
The decreased incidence of severe ROP, need for laser treat-
ment, and BPD with graded SpO2 targets is consistent with 
the results of other studies using a lower SpO2 target (13). 
Exposure to supplemental oxygen in the premature develop-
ing lung is a major factor contributing to the development of 

BPD (31,32). It is possible that use of initial lower SpO2 tar-
gets and later higher SpO2 targets protects the lung from the 
hyperoxia induced injury and production of cytotoxic reac-
tive oxygen species during the early stages of lung develop-
ment. We did not observe a significant change in mortality; 
however the sample size in our study is smaller than in other 
large randomized studies (13–15). It is known that the retinal 
oxygen demands increase around 33 wk PMA (10); therefore it 
is likely that there might be an overall increase in body’s oxy-
gen demand around this time and that similar benefit might 
be seen with increase in SpO2 targets on other organ systems. 
The increased oxygen delivery might prevent progression of 
disease processes like pulmonary hypertension that may pre-
dispose the extremely preterm infants to death.

Our study is also limited by its retrospective nature. As we used 
historical controls for our graded SpO2 target population, there 
is an indeterminate element of contribution from changes in 
clinical practice over time. We did account for several important 
confounding variables including the increased use of prenatal 
steroids and surfactant in the graded SpO2 group in our study, 
but other small changes may not be accounted for. The use of sur-
factant was higher in the graded SpO2 group because all babies 
less than 29 wk were routinely intubated for surfactant adminis-
tration and extubated (INSURE) to noninvasive positive pressure 
ventilation. This was a change in practice on the use of surfactant 
for both institutions starting in 2002. We did not specify any FiO2 
and/or SpO2 as a requirement for surfactant administration. The 
same group of neonatologists practiced at both hospitals, which 
made deviations from our best practice guidelines less likely. We 
did not have a documentation of continuous SpO2 monitoring to 
determine the percent of or actual time the patients spent in the 
desired oxygen saturation targets. However, we have previously 
shown improved outcomes after implementing potentially better 
practices such as use of lower oxygen saturations in our NICU 
(16,17). Data on neurodevelopmental outcomes in our patients 
are likewise not reported in this study.

Conclusion
Our findings indicate that there was a significant decrease in 
severe ROP (Stage III or higher) and laser treatment with the 
use of graded SpO2 targets based on the two different phases 
of ROP with advancing gestational age in extremely preterm 
infants. BPD also decreased and there was no increase in mor-
tality before hospital discharge with the implementation of 
graded SpO2 targets. Use of either a high or low static SpO2 
target for a disease with two distinct phases may not be the best 
approach. Randomized trials are needed to validate the use of 
graded SpO2 targets to decrease severe ROP, without increas-
ing mortality or adverse long-term neurodevelopmental out-
comes in extremely preterm infants.

METHODS
Study Design
Our study population consisted of neonates admitted to the NICU in 
two University of Southern California affiliated hospitals: Los Angeles 
County+University of Southern California Medical Center (52.4%) 
and Good Samaritan Hospital (47.6% of the study population). The 
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same group of neonatologists staffed both NICUs. The Institutional 
Review Board from LAC+USC Medical Center and Good Samaritan 
Hospital approved the study. Informed consent was waived due to the 
retrospective nature of the study.

Extremely preterm infants born during the two study periods with 
GA between 240/7 and 276/7 wk and BW <1,000 g were included in the 
study. Two time periods were compared: Group 1 (time period 1: 1 
January 1995 to 31 December 2001) where we used static SpO2 target 
(90–94%) till 356/7 wk PMA and Group 2 (time period 2: 1 January 
2003 to 31 December 2010) where we used graded SpO2 targets. 
Exclusion criteria were: (i) neonates born in 2002 as that was a transi-
tional year, (ii) BW ≥ 1,000 g, (iii) failed resuscitation in delivery room 
or demise within the first hour of NICU admission, (iv) complex con-
genital heart disease, (v) other major congenital anomalies/chromo-
somal abnormalities, and (vi) outborn patients admitted beyond the 
first week of life.

Primary outcomes were the incidence of severe ROP and need for 
laser treatment in the two time periods. Secondary outcomes included 
death before hospital discharge and the incidence of BPD, necrotizing 
enterocolitis, severe intraventricular hemorrhage, and patent ductus 
arteriosus in the two time periods.

Measurements/Data Collection
Measurements of SpO2 with the use of pulse oximeter were performed 
and recorded as part of standard of care for every admission in both 
NICUs. The fraction of inspired oxygen concentration (FiO2) was 
adjusted based on the target SpO2 readings. Extensive in-service to 
all the NICU staff on the target oxygen saturations (Table 1), and 
guidelines for monitoring and adjustment of FiO2 was given (23). 
These guidelines were used during our previous study of physiologic 
reduced oxygen protocol (PROP) in three NICUs including Good 
Samaritan Hospital (16). This observational study showed decreased 
incidence of threshold ROP from 7.3 to 1.3%. This significant reduc-
tion of threshold disease after implementation of PROP was a result 
of adherence to the guidelines. In our current study, there were no 
routine audits performed but the previous 24-h histogram of pulse 
oximeter readings from the bedside monitors were reviewed with 
nursing and respiratory staff during daily clinical rounds. Multiple 
members of the NICU team were responsible for ensuring that the 
patients remain in target oxygen saturations. Printed cards with 
SpO2 targets were placed at the bedside and were updated weekly to 
account for any changes in target oxygen saturation limits based on 
PMA (Table 1). Often, parents reminded or asked questions about 
the SpO2s, which helped our staff to comply with our target ranges. 
The NICU care was based on the best practices prevalent during the 
two time periods.

All data were extracted from our neonatal database (Neonatal 
Information System, NIS 3 and 5, Medical Data Systems, Rosemont, 
PA). These data were recorded prospectively on all patients admitted 
to both NICUs on a daily basis. Prenatal and perinatal demographic 
and clinical data including maternal demographics, maternal illnesses 
during pregnancy and labor, prenatal as well as labor medications, use 
of antenatal steroids, and mode of delivery were extracted. Neonatal 
variables included Apgar scores, surfactant treatment, ventilator days, 
exposure to vasopressors/inotropes, presence of severe ROP and its 
treatment, death, and occurrence of BPD, necrotizing enterocolitis, 
severe intraventricular hemorrhage, and patent ductus arteriosus.

A pediatric ophthalmologist examined our patients for ROP at 4 wk 
of postnatal life or at 31 wk PMA, whichever came later. Severe ROP 
was defined as Stage III or higher (with or without plus disease) and 
laser treatment was performed based on the revised indications for 
the treatment of ROP and upon the discretion of the attending pediat-
ric ophthalmologist (33). BPD was defined as the use of supplemental 
oxygen at 36 wk PMA (31). A diagnosis of necrotizing enterocolitis 
was made if Bell Stage II or higher was recorded (34,35). Severe intra-
ventricular hemorrhage (grade III-IV) was recorded according to the 
Papile grading system (36). Diagnosis of patent ductus arteriosus was 
made by serial echocardiography.

Data Analysis
Categorical variables were compared between the two groups (two 
time periods) by using the Chi-Square test or Fisher’s exact test where 

appropriate. Continuous variables were compared by two-tailed, 
Student’s t-tests for independent samples or Mann-Whitney U-test 
where appropriate (data not normally distributed). In addition, logis-
tic regression models were developed to determine the independent 
risk of time period 2 (2003–2010) vs. time period 1 (1995–2001) for 
severe ROP and other outcomes. Logistic regression analysis included 
adjustment for the following covariates: birth weight, gestational age, 
multiple gestation, and hospital of birth, use of prenatal steroids, 
surfactant therapy, gender, and race. Data were analyzed using SPSS 
for Windows, version 16, Chicago, IL and SAS, version 9.2, Cary, NC. 
A P value <0.05 was considered statistically significant for all tests.
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