
Early-Childhood Neurodevelopmental Outcomes Are
Not Improving for Infants Born at�25 Weeks’
Gestational Age

WHAT’S KNOWN ON THIS SUBJECT: Early-childhood
neurodevelopmental outcomes seem to have improved over the
last decade for some groups of preterm infants, but it is not
known whether this trend applies to extraordinarily preterm
infants who are born at�25 weeks’ estimated gestational age.

WHAT THIS STUDY ADDS: Despite a dramatic reduction in
postnatal steroid exposure, neurosensory and cognitive
outcomes at 18 to 22 months’ corrected age remain guarded and
unchanged for infants who are born at�25 weeks’ estimated
gestational age in the NICHD Neonatal Research Network between
2 recent birth epochs.

abstract
OBJECTIVE: We compared neurodevelopmental outcomes at 18 to 22
months’ corrected age of infants bornwith extremely low birth weight at
an estimated gestational age of�25weeks during 2 periods: 1999–2001
(epoch 1) and 2002–2004 (epoch 2).
PATIENTS AND METHODS: We conducted a multicenter, retrospective
analysis of the Eunice Kennedy Shriver National Institute of Child Health
and Human Development Neonatal Research Network. Perinatal and
neonatal variables and outcomes were compared between epochs. Neu-
rodevelopmental outcomes at 18 to 22months’ corrected age were eval-
uated with neurologic exams and Bayley Scales of Infant Development II.
Logistic regression analyses determined the independent risk of epoch
for adverse outcomes.
RESULTS: Infant survival was similar between epochs (epoch 1, 35.4%,
vs epoch 2, 32.3%; P� .09). A total of 411 of 452 surviving infants in epoch
1 and 405 of 438 surviving infants in epoch 2 were evaluated at 18 to 22
months’ corrected age. Cesarean delivery (P� .03), surgery for patent
ductus arteriosus (P � .004), and late sepsis (P � .01) were more
common in epoch 2, but postnatal steroid use was dramatically reduced
(63.5% vs 32.8%; P � .0001). Adverse outcomes at 18 to 22 months’
corrected age were common in both epochs. Moderate-to-severe cere-
bral palsy was diagnosed in 11.1% of surviving infants in epoch 1 and
14.9% in epoch 2 (adjusted odds ratio [OR]: 1.52 [95% confidence interval
(CI): 0.86–2.71]; P � .15), the Mental Developmental Index was �70 in
44.9% in epoch 1 and 51% in epoch 2 (OR: 1.30 [95% CI: 0.91–1.87]; P�
.15), and neurodevelopmental impairment was diagnosed in 50.1% of
surviving infants in epoch 1 and 58.7% in epoch 2 (OR: 1.4 [95% CI:
0.98–2.04]; P� .07).
CONCLUSIONS: Early-childhood outcomes for infants born at �25
weeks’ estimated gestational age were unchanged between the 2 peri-
ods. Pediatrics 2011;127:62–70
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Significant advances in perinatal and
neonatal care and changes in the ap-
proach to immediate resuscitation
have led to improved survival rates
among preterm infants.1,2 This phe-
nomenon has extended to even ex-
tremely preterm infants,3–5 although
some analyses6,7 suggest that major
in-hospital morbidity rates for these
infants may not have improved. The
number of extremely preterm infants
who survive to discharge has in-
creased over time; however, these chil-
dren are at high risk for neurodevelop-
mental sequelae during childhood.

Studies have suggested that some
early-childhood neurosensory and de-
velopmental outcomes have improved
over the last decade for some groups
of preterm infants.8–10 However, it is
not clear whether this trend applies to
the most extremely preterm infants,
who are less than 25 weeks’ estimated
gestational age (EGA). A previous
study11 from the Eunice Kennedy
Shriver National Institute of Child
Health and Human Development
(NICHD) Neonatal Research Network
(NRN) demonstrated that 18- to 22-
month outcomes for infants born at
less than 25 weeks’ EGA did not im-
prove between 2 birth cohorts in the
1990s. Hack et al12 presented a single-
center analysis that showed no improve-
ment in 20-month outcomes for infants
bornat 23 to 24weeks’ EGA in 2000–2004
comparedwith thoseborn in 1995–1999.
However, there areno large, recent anal-
yses to examine whether neurodevelop-
mental outcomes improved, worsened,
or remained the same for these most
vulnerable preterm infants born since
2000.

The primary objective of our study was
to compare 18- to 22-month corrected-
age neurodevelopmental outcomes of
infants born at less than 25 weeks’ EGA
in the NICHD NRN during 2 recent birth
cohorts: epoch 1, which was from 1999
to 2001, and epoch 2, which was from

2002 to 2004. We also compared sur-
vival, perinatal characteristics, and
neonatal interventions and morbidi-
ties between the 2 epochs. We hy-
pothesized that there would be no
significant differences in the rates
of neurodevelopmental impairment,
moderate-to-severe cerebral palsy, or
severe developmental delay between
epochs 1 and 2.

METHODS

Study Design and Patient
Population

We conducted a retrospective analysis
of prospectively collected data from
the NICHD NRN Generic Database and
Follow-up Study. Infants were included
if they were born at less than 250⁄7
weeks’ EGA, as determined by best ob-
stetrical estimate; were 401 to 1000 g
body weight; and were inborn at an
NICHD NRN site between January 1,
1999, and December 31, 2001 (epoch
1), and January 1, 2002, to December
31, 2004 (epoch 2). Only centers that
were part of the NRN during the entire
6-year study period were included in
this analysis. Each center’s institu-
tional review board reviewed and ap-
proved the data collection procedures.

Research nurses collected demo-
graphic, perinatal, and infant data at
each center using common definitions,
as described in previous publications.1

Antenatal antibiotics were defined as
any antibiotics given to the mother
during admission that resulted in de-
livery. Antenatal steroid use was de-
fined as administration of any cortico-
steroid to accelerate fetal lung
maturity in the present pregnancy. In-
traventricular hemorrhage was re-
ported according to the classification
of Papile et al.13 Cystic periventricular
leukomalacia was diagnosed by cra-
nial ultrasound. Early sepsis was de-
fined as culture-proven sepsis in the
first 72 hours after birth or treatment
with antibiotics for at least 5 days be-

ginning before the age of 72 hours for
presumed sepsis regardless of culture
result. Late sepsis was defined as
culture-proven sepsis at more than 72
hours to discharge or treatment with
antibiotics at 72 hours for at least 5
days for presumed sepsis regardless
of culture result. Necrotizing enteroco-
litis was defined as modified Bell’s
stage IIA or higher14; surgery for necro-
tizing enterocolitis included both lapa-
rotomy and drain. High-frequency ven-
tilation was defined as the use of any
high-frequency device during hospital-
ization. Bronchopulmonary dysplasia
was defined as the use of supplemen-
tal oxygen at 36 weeks’ postmenstrual
age. Postnatal steroid use was defined
as any corticosteroid given for the pre-
vention or treatment of bronchopul-
monary dysplasia. Surgery performed
while the infant was in the NICU for
patent ductus arteriosus (PDA), necro-
tizing enterocolitis, or retinopathy of
prematurity was noted.

Neurodevelopmental Assessments

A comprehensive neurodevelopmental
assessment was performed on the
surviving infants at 18 to 22 months’
corrected age. The follow-up visit, as
previously described,3,8 consisted of a
battery of developmental, neurologic,
and behavioral assessments; medical
history; and parent interviews. The
neuromotor examinations were based
on Amiel-Tison assessments,15 and
grossmotor functionwas based on the
work of Palisano et al.16 Examinations
were performed by annually certified
examiners who were trained to reli-
ability during a 2-day workshop on
neurologic assessment. During the
study period, the Bayley Scales of In-
fant Development II17 were adminis-
tered, which included determination of
the Mental Developmental Index (MDI)
and the Psychomotor Developmental
Index (PDI). MDI and PDI scores of
100� 15 represent the mean� 1 SD.
The Bayley Scales of Infant Develop-
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ment II was administered by experi-
enced testers, who were annually
certified by 1 of 4 gold-standard
psychologists.

Cerebral palsy was defined as a non-
progressive central nervous system
disorder characterized by abnormal
muscle tone in at least 1 extremity and
abnormal control of movement and
posture that interfered with or pre-
vented age-appropriate motor activity.
Children with moderate-to-severe ce-
rebral palsy were nonambulatory or
required an assistive device for ambu-
lation. Bilateral severe hearing loss
was defined as permanent hearing
loss that required amplification in
both ears. Bilateral blindness was de-
fined as the absence of functional vi-
sion in either eye. Neurodevelopmental
impairment was defined as any of the
following: moderate-to-severe cere-
bral palsy; an MDI or PDI of less than
70; deafness; or bilateral blindness.
Profound impairment was defined as
anMDI of less than 50 or a GrossMotor
Function Classification System level of
4 or 5. Unimpaired or minimally im-
paired was defined as having none of
the following: moderate-to-severe cere-
bral palsy; bilateral severe hearing loss
or blindness; an MDI of less than 85; or
a PDI of less than 85.

Statistical Analyses

Unadjusted Epoch-related compara-
tive analyses were conducted by using
the �2 or Fisher’s exact test for cate-
gorical data and the t test for continu-
ous data. Logistic regression models
were developed to evaluate the inde-
pendent risk of epoch 2 versus epoch 1
for neurodevelopmental impairment,
an MDI less than 70, and moderate-to-
severe cerebral palsy. Model 1 in-
cluded the following baseline perinatal
and case-mix variables: epoch; net-
work center; gender; multiple gesta-
tion; cesarean delivery; race; maternal
age; body weight; antenatal antibiotic

use; and antenatal steroid use. Model 2
included all model 1 variables as well
as the following subsequent neonatal
morbidities and interventions that
could be considered a proxy for sever-
ity of illness as well as postdischarge
factors: surfactant; high-frequency
ventilation; sepsis; necrotizing entero-
colitis; grade 3 or 4 intraventricular
hemorrhage or cystic periventricular
leukomalacia; bronchopulmonary dys-
plasia; surgery for necrotizing entero-
colitis; PDA or retinopathy of prematu-
rity; maternal education less than high
school; and age at neurodevelopmen-
tal assessment. The rationale for this
a priori approach was to differenti-
ate epoch-related odds for adverse
outcomes adjusted for changes in
baseline factors only from epoch-
related odds also adjusted for neo-
natal variables, complications, and
postdischarge factors. Because
postnatal steroid exposure during
epoch 2 may have been influenced by
American Academy of Pediatrics rec-
ommendations,18 rather than related
to changes in severity of illness be-
tween epochs, model 2 was applied
both with (model 2 plus postnatal
steroid use) and without (model 2)
the addition of postnatal steroid use.

RESULTS

The progression of study patients is
shown in Fig 1. During the entire study
period, 2428 infants born at less than
25 weeks’ EGA were inborn at NICHD
NRN sites. Of these, 35.4% of infants in
epoch 1 and 32.3% in epoch 2 survived
until discharge or 1 year (P � .09). In
epoch 1, survival according to EGA was
as follows: 22 weeks’ or less EGA, 12 of
292 (4.1%) infants; 23 weeks’ EGA, 101
of 395 (25.6%) infants; and 24 weeks’
EGA, 345 of 606 (56.9%) infants. In ep-
och 2, survival according to EGA was as
follows: 22weeks’ or less EGA, 13 of 322
(4.0%) infants; 23 weeks’ EGA, 99 of 441
(22.5%) infants; and 24 weeks’ EGA 338
of 632 (53.5%) infants. Forty-one in-
fants in epoch 1 and 33 in epoch 2 were
lost to follow-up, and a few infants in
each epoch died after discharge. This
resulted in 411 patients in the epoch 1
and 405 in the epoch 2 follow-up
groups. Follow-up rates among survi-
vors were more than 90% in each
epoch.

Demographic and perinatal character-
istics for the follow-up groups are
shown in Table 1. There were no signif-
icant differences unadjusted between
the groups, with the exception of an

FIGURE 1
Progression of patients in epochs 1 and 2 from survival to neurodevelopmental follow-up. Epoch 1:
born January 1, 1999, to December 31, 2001; epoch 2: born January 1, 2002, to December 31, 2004.
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increase in the proportion of infants
born via cesarean delivery from epoch
1 (40.9%) to epoch 2 (48.8%) (P� .03).

Common neonatal morbidities and in-
terventions are presented in Table 2.
Among the significant epoch-related
differences on unadjusted analyses,
indomethacin prophylaxis (P � .001),
surgery for PDA (P � .004), and late
sepsis (P� .01) weremore common in
epoch 2 than in epoch 1. Surgery dur-
ing neonatal hospitalization for necro-
tizing enterocolitis, PDA, or retinopa-
thy of prematurity was slightly more
common in epoch 2, with a borderline
P value (P � .056). However, the pro-
portion of infants exposed to postnatal
steroids in epoch 2 (32.8%) was ap-
proximately half that in epoch 1
(63.5%) (P� .0001). It should be noted
that there were no significant differ-
ences between epoch 1 and epoch 2 in
PDA, severe intraventricular hemor-
rhage, or cystic periventricular leu-
komalacia, or oxygen use at 36 weeks’
postmenstrual age.

Major neurosensory outcomes for all
epoch 1 and epoch 2 infants, stratified
according to EGA (�236⁄7 and 24–246⁄7

weeks), are shown in Table 3. There
were no significant differences be-
tween epochs. Developmental and

composite outcomes are shown in Ta-
ble 4. Rates of PDI less than 70 and
neurodevelopmental impairment were
higher in epoch 2 compared with ep-
och 1 on unadjusted analyses. The pro-
portion of children who were pro-
foundly impaired did not differ
significantly between epochs, nor did
the proportion of those who where un-
impaired or minimally impaired. Of
note, approximately one-fifth of chil-
dren born before 25 weeks’ EGA were
found to be unimpaired or minimally
impaired at 18 to 22 months in both
epochs, and this proportion did not
change between epochs (21.8% and
21.9% in Epochs 1 and 2, respectively).

Table 5 shows adjusted odds ratios
(ORs) and 95% confidence intervals
(CIs) formajor adverse outcomes at 18
to 22 months of age, corrected for pre-
maturity. Epoch was not independently
associated with neurodevelopmental
impairment, an MDI of less than 70, or

TABLE 1 Demographic and Perinatal Characteristics

Epoch 1 (N� 411) Epoch 2 (N� 405) Pa

Body weight, mean� SD, g 668.6� 103.0 657.4� 99.7 .114
Body weight 401–500 g, n/N (%) 19/411 (4.6) 18/405 (4.4) NS
EGA, mean� SD, wk 23.7� 0.53 23.7� 0.52 NS
EGA distribution, n/N (%)

�22 wk 1/411 (0.2) 0 (0.0) NS
22 wk 11/411 (2.7) 12/405 (3.0)
23 wk 84/411 (20.4) 93/405 (23.0)
24 wk 315/411 (76.6) 300/405 (74.1)
Male, n/N (%) 198/411 (48.2) 212/405 (52.4) NS
Race, n/N (%)
Black 209/411 (50.9) 178/405 (44.0) .104
White 193/411 (47.0) 213/405 (52.6)
Other 9/411 (2.2) 14/405 (3.5)
Rupture of membranes� 24 h, n/N (%) 120/404 (29.7) 131/400 (32.8) NS
Multiple birth, n/N (%) 75/411 (18.3) 91/405 (22.5) .158
Antenatal antibiotic use, n/N (%) 346/410 (84.4) 323/405 (79.8) .102
Antenatal steroids use, n/N (%) 328/411 (79.8) 332/404 (82.2) NS
Cesarean delivery, n/N (%) 168/411 (40.9) 197/404 (48.8) .028
5-min Apgar score� 5, n (%) 97/408 (23.8) 79/405 (19.5) .163
Maternal age, mean� SD, y 27.2� 6.76 27.4� 6.61 NS
Maternal insurance Medicaid, n/N (%) 283/409 (69.2) 301/403 (74.7) .096
a P� .2 are reported as not significant.

TABLE 2 In-Hospital Morbidities and Interventions and Postdischarge Factors

Epoch 1 Epoch 2 Pa

Surfactant treatment, n (%) 364/411 (88.6) 367/405 (90.6) NS
Any intermittent mandatory ventilation, n (%) 409/411 (99.5) 403/405 (99.5) NS
High-frequency ventilation any time during
hospitalization, n (%)

165/411 (40.2) 184/405 (45.4) .1460

PDA diagnosed, n (%) 259/411 (63.0) 265/405 (65.4) NS
Indomethacin
Prophylaxis, n (%) 137/411 (33.3) 181/405 (44.7) .0011
Treatment, n (%) 231/411 (56.2) 222/405 (54.8) NS
Surgery for PDA, n (%) 110/411 (26.8) 147/405 (36.3) .0040
Sepsis, n (%)
Early 5/411 (1.2) 15/405 (3.7) .0380
Late 206/411 (50.1) 239/405 (59.0) .0130
Necrotizing enterocolitis, n (%) 36/411 (8.8) 40/405 (9.9) .6682
Surgery for necrotizing enterocolitis
(lap or drain), n (%)

25/411 (50.1) 27/405 (6.7) .8430

Grade 3 or 4 intraventricular hemorrhage or
cystic periventricular leukomalacia, n (%)

76/409 (18.6) 90/404 (22.3) NS

Shunt for hydrocephalus, n (%) 11/409 (2.7) 17/403 (4.2) NS
Oxygen at 36 wk postmenstrual age, n (%) 281/411 (68.4) 289/405 (71.4) NS
Postnatal steroids, n (%) 261/411 (63.5) 133/405 (32.8) �.0001
Retinopathy of prematurity stage�3 with
plus, n (%)

121/409 (29.6) 122/400 (30.5) NS

Surgery during hospitalization, n (%) 199/410 (48.5) 223/402 (55.5) .0560
Length of stay, median (interquartile range), d 116 (101–138) 119 (104–147) .0230
Maternal education less than high school,
n (%)

87/386 (22.5) 100/403 (24.8) NS

Corrected age at the time of follow-up visit,
mean� SD, mo

20.0� 2.0 20.2� 2.9 NS

a P values of�.2 are reported as not significant (NS).
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moderate-to-severe cerebral palsy, af-
ter adjusting for either differences in
baseline and case-mix variables alone
(model 1) or after inclusion of neona-
tal morbidities and postdischarge in-
fluences (model 2), with or without
postnatal steroid use in the model.
Only the unadjusted odds of neurode-
velopmental impairment were greater
in epoch 2 compared with epoch 1.
Variables independently associated
with neurodevelopmental impairment
in multivariate regression included
male gender (OR: 1.8 [95% CI:
1.29–2.60]), sepsis (OR: 1.75 [95% CI:
1.23–2.48]), any high-frequency venti-
lation during hospitalization (OR: 2.16
[95% CI: 1.44–3.23]), grade 3 or 4 intra-
ventricular hemorrhage or cystic
periventricular leukomalacia (OR: 1.67
[95% CI: 1.09–2.56]), surgery (OR: 2.69
[95% CI: 1.85–3.90]), and postnatal ste-
roid use (OR: 1.52 [95% CI: 1.02–2.26]).

Variables inversely associated with
neurodevelopmental impairment in-
cluded antenatal antibiotic exposure
(OR: 0.58 [95% CI: 0.35–0.95]) and birth
weight (OR: 0.81 [95%CI: 0.68–0.96] for
each 100-g increase in body weight).

DISCUSSION

This analysis is the largest to date to
examine early-childhood outcomes
among preterm infants born at less
than 25 weeks’ EGA during 2 epochs in
the recent era. We found that survival
rates had not changed from epoch 1 to
epoch 2. There were no significant dif-
ferences between epochs in rates
of blindness, severe hearing loss,
moderate-to-severe cerebral palsy, or
an MDI less than 70. Although the abso-
lute rate of neurodevelopmental im-
pairment was greater in the more
recent period, epoch was not indepen-
dently associated with neurodevelop-

mental impairment based on multiva-
riable analysis. Despite a dramatic
reduction in postnatal steroid expo-
sure, neurodevelopmental outcomes
in early childhood for this group of ex-
traordinarily preterm infants remain
unchanged.

Our results may seem to conflict with
previous studies that demonstrated
improvements in some neurodevelop-
mental outcomes for some groups of
preterm infants. However, our current
analysis focused on the most ex-
tremely preterm infants, who may be

TABLE 3 Cerebral Palsy, Deafness, and Blindness at 18 to 22 Months of Age, Corrected for
Prematurity

Epoch 1 Epoch 2 Pa Epoch 1 Epoch 2

�23 wk 24 wk �23 wk 24 wk

Cerebral palsy, n 407 403 96 311 105 298
Moderate to severe, n (%) 45 (11.1) 60 (14.9) .129 15 (15.6) 30 (9.7) 19 (18.1) 41 (13.8)
Severe, n (%) 25 (6.1) 25 (6.2) NS 8 (8.3) 17 (5.5) 9 (8.6) 16 (5.4)
Hearing, n 406 400 93 313 103 297
Severe hearing loss, bilateralb 8 (2.0) 17 (4.3) .096 3 (3.2) 5 (1.6) 5 (4.9) 12 (4.0)
Vision, n 408 405 — 96 312 105 300
Blind, bilateral, n (%)c 8 (2.0) 9 (2.2) NS 3 (3.1) 5 (1.6) 3 (2.9) 6 (2.0)

a P pertains to comparisons of all epoch 1 versus epoch 2. P values of�.2 are reported as not significant (NS).
b Severe hearing loss, bilateral indicates bilateral permanent hearing loss that requires amplification in both ears.
c Blind, bilateral indicates no functional vision in either eye.

TABLE 4 Bayley Scales of Infant Development 2 Developmental and Composite Outcomes at 18 to 22 Months of Age, Corrected for Prematurity

Epoch 1, Total Epoch 2, Total Pa Epoch 1 Epoch 2

�23 wk 24 wk �23 wk 24 wk

MDI, nb 374 384 89 285 102 282
MDI� 70, n (%) 168 (44.9) 196 (51.0) .107 52 (58.4) 116 (40.7) 63 (61.8) 133 (47.2)
MDI� 50, n (%) 60 (16.0) 66 (17.2) NS 21 (23.6) 39 (13.7) 26 (25.5) 40 (14.2)

PDI, nb 369 384 — 88 281 104 280
PDI� 70, n (%) 103 (27.9) 134 (34.9) .047 31 (35.2) 72 (25.6) 46 (44.2) 88 (31.4)
PDI� 50, n (%) 59 (16.0) 73 (19.0) NS 23 (26.1) 36 (12.8) 27 (26.0) 46 (16.4)

Neurodevelopmental impairment, n/N (%) 186/371 (50.1) 227/387 (58.7) .023 57/89 (64.0) 129/282 (45.7) 72/103 (69.9) 155/284 (54.6)
Profound impairment, n/N (%) 63/376 (16.8) 67/383 (17.5) NS 21/89 (23.6) 42/287 (14.6) 27/102 (26.5) 40/281 (14.2)
Unimpaired/minimally impaired, n/N (%) 82/376 (21.8) 85/389 (21.9) NS 8/89 (9.0) 74/287 (25.8) 14/104 (13.5) 71/285 (24.9)
a P values pertain to comparisons of all epoch 1 versus epoch 2. P values of�.2 are reported as not significant (NS).
b Because of acute illness, language, behavioral problems, sensory impairment, and other reasons, there were 37 children without an MDI and 42 children without a PDI in epoch 1 and 21
children without an MDI and 21 children without a PDI in epoch 2.

TABLE 5 Unadjusted and Adjusted ORs for
Major Adverse Outcomes at 18 to 22
Months of Age Corrected for
Prematurity in Epoch 2 Compared
With Epoch 1

Model Epoch 2 vs 1,
OR (95% CI)

P

Neurodevelopmental
Impairment

Unadjusted 1.41 (1.06–1.88) .019

Model 1 1.30 (0.96–1.77) .096

Model 2 1.22 (0.87–1.72) .246

Model 2 plus PNS 1.41 (0.98–2.04) .066

MDI� 70

Unadjusted 1.28 (0.96–1.70) .092

Model 1 1.21 (0.89–1.65) .220

Model 2 1.12 (0.80–1.56) .513

Model 2 plus PNS 1.30 (0.91–1.87) .154

Moderate-to-severe
cerebral palsy

Unadjusted 1.41 (0.93–2.13) .105

Model 1 1.23 (0.79–1.90) .354

Model 2 1.22 (0.72–2.09) .463

Model 2 plus PNS 1.52 (0.86–2.71) .152

PNS indicates postnatal steroid use.
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uniquely vulnerable and developmen-
tally distinct from more advanced
preterm infants. Vohr et al8 reported
that rates of severe sequelae at 18 to
22 months of age, including an
MDI of less than 70 (41.8%–37.2%)
and neurodevelopmental impairment
(50.2%–44.6%) had significantly de-
creased over 3 time periods among in-
fants born at 22 to 266⁄7 weeks’ EGA in
the NICHD NRN, independent of con-
founding variables. But that analysis
included infants born at 25 and 26
weeks’ EGA. In a single-center study,
Wilson-Costello et al9 compared 20-
month outcomes of infants with ex-
tremely low birth weight who were
born between 2000 and 2002 to those
born during the 2 previous periods.
The authors found that the rates of any
neurosensory abnormality moved
from 18% to 23% to 9% over the 3 time
periods (P� .001), and cerebral palsy
rates moved from 8% to 13% to 5%
(P� .01). Survival without impairment
increased from 1990–1999 to 2000–
2002. However, mean body weight
among survivors was 90 g greater and
mean EGA was �2 weeks more ad-
vanced than in our cohort.

Significant concerns often have been
raised regarding mortality and short-
termmorbidities of infants considered
to be at the “border of viability.”19 How-
ever, few recent studies have focused
on the early-childhood outcomes of in-
fants born at less than 25 weeks’ EGA,
likely because of small patient num-
bers. A previous NICHD NRN study,
which described 18- to 22-month out-
comes of more than 700 infants born
at less than 25 weeks’ EGA during 2
periods in the 1990s, failed to demon-
strate improved neurodevelopmental
outcomes over time despite more con-
sistently proactive perinatal and neo-
natal management.11 In a single-center
study, Hack et al12 compared 20-month
outcomes of infants born at 23 to 24
weeks’ EGA in 1995–1999 to those born

during 2000–2004 (n� 50 in each time
period). The results, which demon-
strated no improvement with regard
to anMDI less than 70 (42% vs 54%), an
MDI less than 50 (10% vs 12%), or ce-
rebral palsy (6% vs 12%), are consis-
tent with those of our study. The Victo-
rian Infant Collaborative Study Group
reported that for infants born at less
than 26 weeks’ EGA, neurosensory out-
comes at 2 years had not improved
among those born in 1997 compared
with those born between 1991 and
1992.5 But a recent study10, which in-
cludes the 2005 Victorian Infant Collab-
orative Study birth cohort, was more
encouraging. Although survival rates
and quality-adjusted survival rates
had not improved from the 1997 to
2005 cohorts of infants born at less
than 28 weeks’ EGA overall, the mean
utility per survivor was higher (better)
at each week of gestation for the 2005
cohort compared with either cohort
from the 1990s. There were only 7 sur-
vivors from those born at 23 weeks’
EGA and 22 survivors from those born
at 24 weeks’ EGA in the 2005 cohort;
therefore, extrapolation to extraordi-
narily preterm infants should gener-
ally be viewed with caution. Unlike the
Victorian Infant Collaborative Study
Group, we did not include a normal-
birth-weight control group, and ours
was not a population-based cohort,
both of which are limitations of our
study. A strength of our analysis is,
however, that it included a large num-
ber of extraordinarily preterm infants.
However, our analysis included a large
number of extraordinarily preterm in-
fants, which would not have been pos-
sible without the benefit of a multi-
center network. This is a strength of
our analysis.

It should also be acknowledged that
neurodevelopmental follow-up at 18 to
22 months’ corrected age is a very
early window into childhood out-

comes. Previous research has shown
that profound disability in early child-
hood is a good predictor of moderate
or severe disability at early school
age.20 However, for those with mild or
moderate disability in early childhood,
anticipating later outcomes is much
more challenging.20,21 The Bayley
Scales of Infant Development II scores
in early childhood have been shown to
be poorly predictive of cognitive out-
comes at 8 years.22 However, despite
difficulties in predicting outcomes pre-
cisely, it is clear that extremely pre-
term infants continue to have substan-
tial impairments in cognitive, motor,
and executive function through child-
hood.20,23,24 A recent report25 of 8-year
outcomes among infants born in 1997
at less than 28 weeks’ EGA from the
Victorian Infant Collaborative Study
demonstrated thatmoderate to severe
disability was seen in 19% and mild
disability in 40% of the cohort of 142
children. Seminal and truly long-term
follow-up to young adulthood has
shown that neurodevelopmental im-
pairments persist among very-low-
birth-weight infants, although many
are able to overcome their initial chal-
lenges, and risk-taking behavior is less
common than among normal-birth-
weight control subjects.26,27 Evaluation
at a later age allows for the identifica-
tion and delineation of a broader
range of concerns and for longitudinal
analysis to determine the predictive
value of early disability. What is consid-
ered to be the “border of viability” has
shifted substantially over recent de-
cades; infants born at less than 25
weeks’ EGA are now more routinely of-
fered intensive care.5 It is crucial,
therefore, to understand neurologic
and cognitive outcomes, both in early
and later childhood, to properly
counsel families and prepare for
supports and services the children
may require.
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CONCLUSIONS

Rates of survival and major neurode-
velopmental outcomes at 18 to 22
months’ corrected age for infants born
at less than 25 weeks’ EGA born in the
NICHD NRN did not improve between 2
recent birth epochs. Our results high-
light the importance of ongoing re-
search and evidence-based efforts to
achieve the ultimate goal of preventing
extremely preterm birth.28 Neverthe-
less, opportunities to reduce neonatal
morbidities associated with adverse
early-childhood neurodevelopmental
outcomes, including sepsis, must be
pursued. Our results clearly under-
score the unique vulnerability of these
infants; to substantially improve early-
childhood outcomes will likely require
steps beyond traditional quality-
improvement approaches. Although
themajority of studies have focused on
the association of perinatal and neona-
tal factors and events with early-
childhood outcomes, it is critically im-
portant to evaluate the potential for
postdischarge developmental inter-
ventions to improve outcomes for
these high-risk extremely preterm
infants.29
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COMMERCIALS FOR SCHOOLS: For those of us who watch a bit of college foot-
ball, every weekend we are treated not only to a head-to-head battle between
two football teams but their respective universities. As reported on The Wall
Street Journal website (November 18, 2010:1–3), as part of the TV contract
between the network and the schools and conferences, the schools competing
in the televised football game may air a free 30-second commercial. As com-
mercial sponsors may pay $100,000 for that time, these “institutionals” tend to
air at times when viewers attention might have lapsed, e.g. during half time.
Most university commercials tend to look similar emphasizing a collection of
researchers,musicians, and happy students. To learnwhich of the commercials
were most effective, The Wall Street Journal asked four “experts” to review 112
of the 120 “institutionals” produced by schools in the NCAA’s Football Bowl
Subdivision. Experts included an advertising executive, a film instructor, and
two students. Grading criteria included strength of message, technical merit,
and whether they made the students want to attend the school. Evidently, too
many schools cannot decide on a singlemessage and instead try all at the same
time to draw teens to apply, build alumni support, and prove to the community
their commitment to the local economy. Celebrity appearances or voiceovers
seem effective. The highest-rated commercials tended to focus on a single
theme without using buzz words or hackneyed images. The BCS (Bowl Champi-
onship Series) championship football game will be played in January, but ac-
cording to the experts, the champion self-promoter is the University of Minne-
sota. The spot features Massoud Amin, a professor of electrical and computer
engineering, speaking about the importance of creating a better power grid.
Rarely particularly successful on the football field, the win is a welcome victory
for the Golden Gophers.

Noted by WVR, MD
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