
Cognitive Outcomes After Neonatal
Encephalopathy
Athina Pappas, MDa, Seetha Shankaran, MDa, Scott A. McDonald, BSb, Betty R. Vohr, MDc, Susan R. Hintz, MD, MS, Epid,
Richard A. Ehrenkranz, MDe, Jon E. Tyson, MD, MPHf, Kimberly Yolton, PhDg, Abhik Das, PhDh, Rebecca Bara, RN, BSNa,
Jane Hammond, PhDh, Rosemary D. Higgins, MDi, for the Hypothermia Extended Follow-up Subcommittee of the Eunice Kennedy
Shriver NICHD Neonatal Research Network

abstract OBJECTIVES: To describe the spectrum of cognitive outcomes of children with and without cerebral
palsy (CP) after neonatal encephalopathy, evaluate the prognostic value of early developmental
testing and report on school services and additional therapies.

METHODS: The participants of this study are the school-aged survivors of the National Institute of
Child Health and Human Development Neonatal Research Network randomized controlled trial
of whole-body hypothermia. Children underwent neurologic examinations and
neurodevelopmental and cognitive testing with the Bayley Scales of Infant Development–II at
18 to 22 months and the Wechsler intelligence scales and the Neuropsychological
Assessment–Developmental Neuropsychological Assessment at 6 to 7 years. Parents were
interviewed about functional status and receipt of school and support services. We explored
predictors of cognitive outcome by using multiple regression models.

RESULTS: Subnormal IQ scores were identified in more than a quarter of the children: 96% of
survivors with CP had an IQ ,70, 9% of children without CP had an IQ ,70, and 31% had an
IQ of 70 to 84. Children with a mental developmental index ,70 at 18 months had, on
average, an adjusted IQ at 6 to 7 years that was 42 points lower than that of those with
a mental developmental index .84 (95% confidence interval, 249.3 to 235.0; P , .001).
Twenty percent of children with normal IQ and 28% of those with IQ scores of 70 to 84
received special educational support services or were held back $1 grade level.

CONCLUSIONS: Cognitive impairment remains an important concern for all children with neonatal
encephalopathy.

WHAT’S KNOWN ON THIS SUBJECT: Surviving
infants with neonatal encephalopathy treated
with hypothermia have lower rates of moderate
to severe cerebral palsy and cognitive
impairment at 18 to 24 months. Limited data
exist on the association between cognitive
functioning and neuromotor, behavioral, and
school outcomes.

WHAT THIS STUDY ADDS: Although the incidence
of death or IQ ,55 is reduced after therapeutic
hypothermia, survivors of neonatal
encephalopathy with and without cerebral palsy
are at elevated risk for subnormal IQ and the
need for specialized educational services at 6 to
7 years.
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Cognitive impairment, with or
without neuromotor impairment, is
an important problem after neonatal
encephalopathy. Significant cognitive
delays were identified among
survivors at 18 to 24 months in all
major randomized controlled trials of
hypothermia for hypoxic ischemic
encephalopathy (HIE).1–7 Studies in
other high-risk neonatal populations
report variable correlations between
early assessments and school-age
developmental outcomes,
however.8–12 The accurate
assessment of cognitive functioning
among the survivors of presumed HIE
is important in appraising the impact
of perinatal interventions, selecting
children for referral to early
intervention and support services, and
in counseling parents and families on
potential long-term outcomes.

The American College of Obstetricians
and Gynecologists and the American
Academy of Pediatrics task force on
neonatal encephalopathy and
cerebral palsy (CP) proposed that an
acute intrapartum event could not
result in isolated cognitive deficits.13

Yet early human studies reported
neurocognitive and behavioral
problems even among the
nondisabled survivors of HIE.14–21

The use of more precise definitions of
presumed HIE and the introduction of
therapeutic hypothermia may have
altered the association between
neuromotor and cognitive outcomes,
potentially altering the disease
phenotype.

We previously reported on the
childhood outcomes of participants in
the Eunice Kennedy Shriver National
Institute of Child Health and Human
Development (NICHD) Neonatal
Research Network (NRN) randomized
controlled trial of whole-body
hypothermia.22 The aims of the
current study were to describe the
spectrum of cognitive outcomes of
children with moderate and severe
HIE with and without CP and
neuromotor impairment, evaluate
the prognostic value of early

developmental testing and other
predictors of school-age cognition,
and report on special educational
services and additional therapies. We
hypothesized that cognitive
impairment, though strongly
associated with neuromotor
impairment, could occur without CP,
and infants with severe mental
developmental impairment at 18 to
22 months (Mental Developmental
Index [MDI] ,70) would continue to
have severe developmental and
cognitive impairment at school age.

METHODS

This is a secondary analysis of
prospectively collected data from the
NICHD NRN multicenter trial of
whole-body hypothermia that
recruited participants between 2000
and 2003.2,22 Neonates with
moderate to severe encephalopathy
within the first 6 hours of life were
randomly assigned to therapeutic
hypothermia at 33.5°C for 72 hours
or intensive care alone, and
participants were followed
longitudinally at 18 to 22 months and
6 to 7 years. All surviving children
with follow-up outcomes at both time
points are included. Demographic,
medical history, and growth
parameters were obtained during the
newborn period and at follow-up.
Parents were interviewed to obtain
information on functional status
(Functional Status II)23 and the need
for special education, school, and
other support services (Child Health
Questionnaire).24 Detailed
neurodevelopmental assessments
were performed by certified
examiners who were trained to
reliability and recertified on an
annual basis; examiners were blinded
to treatment group assignment.

Neurodevelopmental assessments
included neurologic examinations
(at 18–22 months and 6–7 years), the
Bayley Scales of Infant Development
II (BSID-II) at 18 to 22 months,2 and
the Wechsler intelligence scales25,26

and the Neuropsychological

Assessment (NEPSY)–Developmental
Neuropsychological Assessment27 at
6 to 7 years. CP was defined as
a nonprogressive central nervous
system disorder that affected tone,
movement, posture, and age-
appropriate activities.28 Severity of
CP was classified according to the
Gross Motor Function Classification
System (GMFCS), with moderate to
severe CP defined as levels II to
V.29,30 Neurologic assessments at 6 to
7 years also included evaluations of
complex motor function (eg, straight
line walking, standing on 1 foot,
hopping, Romberg test) and fine
motor and coordination skills
(eg, finger-to-nose, alternate finger
thumb opposition). The Wechsler
Preschool and Primary Scale of
Intelligence, Third Edition
(WPPSI-III) was administered to all
English-speaking children within the
test age. To minimize loss to follow-up,
the Wechsler Intelligence Scale for
Children, Fourth Edition also was
permitted for all Spanish-speaking
children or children seen beyond
7 years, 3 months, and 15 days who
could not be tested with the WPPSI-III.
Children who were so severely
impaired that psychometric evaluation
was precluded were assigned the
lowest possible score (.3 SD below
the mean) for MDI and Full Scale IQ.31

A mean score of 100 and an SD of
15 represents normal functioning for
typically developing children. Two
subscales of the NEPSY were
administered to assess attention or
executive function and visuospatial
processing. The study protocol was
approved by the investigational
review board of each participating
NRN site, and informed parental
consent was obtained before
enrollment and school-age follow-up.

Neonatal and follow-up data were
collected at each participating center
and transmitted to the Research
Triangle Institute, the NICHD data
coordinating center, for data
management and analysis. We made
preliminary unadjusted comparisons
of baseline characteristics and
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neurodevelopmental outcomes by
using x2 or Fisher exact tests for
categorical data and 2-sided t tests
for continuous data. The primary
outcome of this secondary study
selected a priori was cognitive
impairment at 6 to 7 years of age,
defined as an IQ score ,70 (2 SD
below the mean). Developmental
instrument cutoff scores were
compared between the hypothermia
and normothermia groups and among
children with and without CP or other
neuromotor impairments at 6 to
7 years. We assessed the relationship
between MDI and composite IQ
scores within 1 and 2 SD of the mean
(,70, 70–84, .84) by using positive
and negative predictive values and
the Spearman’s rank-order
correlation coefficient. Predictors of
6- to 7-year cognitive functioning
(school-age IQ) were examined via
regression models that included
important covariates associated with
neurodevelopmental outcomes
(eg, maternal education and level of
encephalopathy). The rates of special
education, speech therapy, and
behavior problems also were
compared between 18 months and 6
to 7 years. Because there were no
statistically significant differences in
median IQ scores between the
hypothermia and control groups, for
the purposes of this analysis all
children were analyzed together.

RESULTS

Details of Study Participants and
Baseline Cognitive Testing

A total of 110 of 140 surviving
children were evaluated at 18 months
and 6 to 7 years and made up the
study population (Figure 1). Twelve
hypothermia participants and 18
control participants were lost to
follow-up. Among these, 22 infants
had BSID-II testing at 18 months but
were missing IQ at 6 to 7 years.
Four children had IQ testing at 6 to
7 years but were missing BSID-II, and
4 children had both assessments
missing. Baseline characteristics were

similar for children with and without
assessments except for race; more
participants who identified with
white race underwent follow-up
(Table 1). Seventy-eight percent of
the study participants had moderate
encephalopathy, and 22% had severe
encephalopathy at randomization.
Neither MDI nor IQ scores differed
statistically between the hypothermia
and normothermia groups; however,
fewer children treated with
hypothermia had scores ,55
(Table 2). Verbal IQ scores were
lower than performance IQ or
processing speed quotients, with
verbal IQ scores showing the greatest
deficits among the individual
measures of intelligence assessed.
Among children able to undergo
testing with the NEPSY, attention or
executive functioning and
visuospatial processing scores were
similar between the 2 treatment
groups (median core domain scores
95 and 97, respectively). However,
22% of children were deemed
untestable as a result of neurologic or
cognitive impairments (for attention
or executive function, 17%
hypothermia vs 28% normothermia;
for visuospatial processing, 13%

hypothermia vs 26% of children
treated with normothermia; P not
significant).

IQ Scores in Relation to CP and
Neuromotor Function

Survivors free of CP tended to have
higher developmental quotients than
survivors afflicted by CP both at 18
months and 6 to 7 years; however,
cognitive impairment occurred even
in the absence of CP (Table 3). After
neonatal encephalopathy, 96% of
children (22/23) with CP had an IQ
score ,70 (all these children had
moderate to severe CP at school age).
Nine percent of children without CP
had an IQ ,70, and 31% had scores
ranging from 70 to 84. Rates were
similar among the subgroup of infants
treated with hypothermia. The
relationship between developmental
quotients (MDI and IQ scores) and
functional neuromotor outcomes is
shown in Supplemental Tables 5 and
6. Among children with MDI scores
,70, a wide range of functional gross
motor outcomes was observed
(ie, ability to walk, normal or level I
GMFCS to total care, level V). For fine
motor skills, more children with MDI
scores ,70 exhibited fine motor
impairments (with only ∼17%
exhibiting a fine pincer grasp). At 6 to
7 years, of children with IQ ,70 (who
underwent formal testing), 23% had
normal gait, 6% to 16% had normal
complex motor functions (ie, straight
line walking, standing on 1 foot,
hopping), and only ∼10% had intact
fine motor and coordination skills
(perhaps a gross indicator of
developmental coordination problems,
often linked with school difficulties).

18-month Outcome in Relation to
School-age IQ

Comparing 18- to 22-month and 6- to
7-year outcomes among all
participants in the study, 79 of 110
(72%) children remained in the same
developmental range (Table 3).
Children with MDI ,70 at 18 months
had a high likelihood of cognitive
impairment at 6 to 7 years of age

FIGURE 1
Follow-up of a study population with moderate
and severe neonatal encephalopathy. Among
140 survivors to 6–7 years, 110 infants (79%)
had both 18- to 22-month and 6- to 7-year
assessments and make up the participants of
this study.
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(27/30 children had an IQ score
,70). Children who tested within the
normal range at 18 months (MDI
.84), tended to have IQ scores .70
at school age (39 had scores.84, and

12 had scores in the 70–84 range).
Children with intermediate MDI
scores (70–84) had more variable
outcomes. Those with declining
scores often had comorbid

neuromotor impairments (eg,
complex or fine motor impairments)
or lower socioeconomic status.

Even after we included other risk
factors such as treatment, maternal
education, and level of
encephalopathy in the predictive
models, a low MDI score (,70) at 18
to 22 months best predicted 6- to
7-year IQ ,70 (Table 4). On linear
regression, infants with a low MDI
(,70) at 18 months had, on average,
an adjusted IQ at 6 to 7 years that
was 42 points lower than that of
those with an MDI .84 (95%
confidence interval [CI], 249.3 to
235.0, P , .001). In addition,
children whose mothers had less than
a high school (HS) education had, on
average, an adjusted IQ that was 7.5
points (∼1/2 SD) lower than that of
those whose mothers had more than
an HS education (95% CI, 214.0 to
21.0, P = .02). Overall, an MDI score
of ,70 had a sensitivity of 0.87,
specificity of 0.96, positive predictive
value of 0.90, and negative predictive
value of 0.95 for detecting cognitive
impairment at school age (IQ ,70)
(Supplemental Table 7). The
sensitivity was higher among infants
treated with normothermia than
those treated with hypothermia,
which might have been mitigated by
the severity of impairment.
Spearman’s rank correlation for MDI
and IQ scores was highly significant
(r coefficient 0.74, P , .001).

Rates of special educational services,
speech therapy, and behavior
problems are shown in Supplemental
Table 8. After hypothermia, about
one-third of the children followed
were receiving early intervention or
special educational assistance, as
compared with 37% to 47% treated
with normothermia. Rates were
highest among children with an IQ
,70 (100% of children with data
available); however, even 20% of
children with a normal IQ and 28% of
those with IQ scores of 70 to 84
received some form of special
educational services or were held

TABLE 1 Maternal and Neonatal Characteristics of Study Participants

Study Participants
(survivors with 18-mo and

6- to 7-y assessments), N = 110

Excluded (survivors
without both

assessments), N = 30

Maternal characteristics, (%)
Race, n*
Black 38 (35) 9 (30)
White 45 (41) 6 (20)
Other 27 (25) 15 (50)

Maternal age, y 26.8 6 5.8 27.3 6 6.5
Married, n 65 (61) 14 (48)
Maternal education less than

high school (at birth)
29 (35) 9 (38)

Maternal education less than
high school (at 18 mo)

27 (26) 8 (32)

Medicaid (at 18 mo) 55 (50) 16 (64)
Prenatal care 103 (94) 29 (97)
Gravida, median n 2 2
Parity, median n 2 1.5
Complications of pregnancy, n
Chronic hypertension 18 (16) 4 (13)
Antepartum hemorrhage 20 (18) 2 (7)
Thyroid disease 0 (0) 0 (0)
Diabetes 10 (9) 4 (13)

Intrapartum complications, n
Fetal heart decelerations 82 (75) 24 (80)
Cord prolapse 20 (18) 5 (17)
Uterine rupture 17 (15) 3 (10)
Maternal pyrexia 11 (10) 4 (13)
Shoulder dystocia 14 (13) 3 (14)
Maternal hemorrhage 9 (8) 0 (0)
Labor, h 13.4 6 10.1 11.7 6 8.4
Rupture of membrane, h 6.5 6 11.7 5.5 6 6.8
Emergency cesarean delivery, n 79 (72) 21 (70)

Neonatal characteristics
Age at randomization, h 4.4 6 1.3 4.4 6 1.1
Transferred from birth hospital, n 48 (44) 11 (37)
Male gender, n 61 (55) 17 (57)
Apgar score #5, n
At 5 min 97 (88) 25 (86)
At 10 min 76 (76) 18 (69)

Birth wt, g 3359 6 589 3458 6 829
Length, cm 50.8 6 3.0 51.5 6 2.9
Head circumference, cm 34.1 6 1.6 33.7 6 2.3
Intubation in delivery room, n 101 (92) 28 (93)
Continued respiratory

support at 10 min, n
100 (91) 28 (93)

Time to spontaneous
respiration $10 min, n

66 (62) 14 (54)

Cord blood
pH 6.9 6 0.2 6.9 6 0.2
Base deficit, mmol/L 18.2 6 7.3 17.5 6 6.6

Seizures, n 51 (46) 9 (30)
Moderate encephalopathy, n 86 (78) 22 (76)
Severe encephalopathy, n 24 (22) 7 (24)
Inotropic support, n 34 (31) 11 (37)
Anticonvulsants, n 47 (47) 10 (36)

*P , .05.
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TABLE 2 Cognitive Assessments at 18–22 mo and 6–7 y

All Participants Hypothermia Normothermia Hypothermia vs Normothermia
P

18- to 22-mo neurodevelopmental assessment
MDI N = 110 N = 63 N = 47
Mean (SD) 79.7 (20.1) 81.9 (19.2) 76.8 (21.0) .19
Median (Q1, Q3) 83 (68, 94) 85 (72, 93) 79 (50, 94)
(Minimum, maximum) (49, 128) (49, 128) (49, 113)
.84, n (%) 53 (48) 33 (52) 20 (43) .31
70–84, n (%) 27 (25) 17 (27) 10 (21)
55–69, n (%) 6 (5) 2 (3) 4 (9)
,55, n (%) 24 (22) 11 (17) 13 (28)

6- to 7-y neurodevelopmental assessment
Full Scale IQa N = 110 N = 63 N = 47
Mean (SD) 78.5 (23.8) 80.9 (23.3) 75.3 (24.4) .23
Median (Q1, Q3) 83 (65, 96) 83 (69, 98) 81 (40, 91)
(Minimum, maximum) (39, 121) (39, 121) (39, 116)
.84, n (%) 52 (47) 30 (48) 22 (47) .75
70–84, n (%) 27 (25) 17 (27) 10 (21)
55–69, n (%) 8 (7) 5 (8) 3 (6)
,55, n (%) 23 (21) 11 (17) 12 (26)

Verbal IQ N = 91 N = 55 N = 36
Mean (SD) 86.1 (17.1) 85.9 (19.1) 86.4 (13.7) .88
Median (Q1, Q3) 85 (75, 101) 85 (72, 102) 85.5 (77, 96)
(Minimum, maximum) (46, 118) (46, 118) (46, 112)
.84, n (%) 51 (56) 30 (55) 21 (58) .10
70–84, n (%) 25 (27) 12 (22) 13 (36)
55–69, n (%) 10 (11) 9 (16) 1 (3)
,55, n (%) 5 (5) 4 (7) 1 (3)

Performance IQ N = 91 N = 55 N = 36
Mean (SD) 91.0 (16.8) 91.3 (17.3) 90.5 (16.3) .82
Median (Q1, Q3) 90 (82, 101) 93 (81, 104) 89 (84, 100.5)
(Minimum, maximum) (45, 127) (45, 127) (45, 127)
.84, n (%) 59 (65) 35 (64) 24 (67) .76
70–84, n (%) 24 (26) 16 (29) 8 (22)
55–69, n (%) 5 (5) 2 (4) 3 (8)
,55, n (%) 3 (3) 2 (4) 1 (3)

Processing speed quotient N = 87 N = 53 N = 34
Mean (SD) 92.9 (17.0) 93.2 (17.2) 92.4 (17.0) .84
Median (Q1, Q3) 94 (83, 103) 94 (83, 104) 91 (80, 102)
(Minimum, maximum) (45, 143) (45, 123) (49, 143)
.84, n (%) 62 (71) 39 (74) 23 (68) .61
70–84, n (%) 21 (24) 11 (21) 10 (29)
55–69, n (%) 0 (0) 0 (0) 0 (0)
,55, n (%) 4 (5) 3 (6) 1 (3)

Attention or executive function core domain score N = 77 N = 46 N = 31
Mean (SD) 93.7 (16.6) 94.5 (15.1) 92.6 (18.7) .63
Median (Q1, Q3) 95 (85, 104) 95 (85, 104) 95 (82, 110)
(Minimum, maximum) (50, 121) (52, 121) (50, 119)
.84, n (%) 60 (78) 38 (83) 22 (71) .19
70–84, n (%) 11 (14) 6 (13) 5 (16)
55–69, n (%) 3 (4) 0 (0) 3 (10)
,55, n (%) 3 (4) 2 (4) 1 (3)
No score, n (%) 33/110 (30) 17/63 (27) 16/47 (34)
Untestable 29 (26) 14 (22) 15 (32)

Due to neurologic or cognitive impairment 24 (22) 11 (17) 13 (28)
Other reasons 5 (5) 3 (5) 2 (4)

Missing, no reason 4 (4) 3 (5) 1 (2)
Visuospatial core domain score N = 84 N = 50 N = 34
Mean (SD) 97.7 (16.2) 98.5 (15.6) 96.5 (17.2) .58
Median (Q1, Q3) 97 (85, 109) 97 (88, 109) 97 (85, 112)
(Minimum, maximum) (57, 132) (57, 132) (57, 127)

e628 PAPPAS et al



back $1 grade level (P , .001).
Behavior problems occurred in 21%
of children at 18 months (as indicated
by the BSID-II Behavior Rating Scale)
and 7% of children at 6 to 7 years of
age (by parental report) among those

treated with hypothermia. Behavior
problems were slightly higher in the
normothermia group (32% and 9% at
18 months and 6 to 7 years,
respectively). Maternal education less
than HS was not predictive of

resource utilization at 18 months or
6 to 7 years for either treatment
group (P = NS); it was predictive of
6- to 7-year behavioral problems
among hypothermia-treated children,
however (3/15 infants with maternal

TABLE 2 Continued

All Participants Hypothermia Normothermia Hypothermia vs Normothermia
P

.84, n (%) 70 (83) 42 (84) 28 (82) .89
70–84, n (%) 11 (13) 6 (12) 5 (15)
55–69, n (%) 3 (4) 2 (4) 1 (3)
,55, n (%) 0 (0) 0 (0) 0 (0)
No score, n (%) 26/110 (24) 13/63 (21) 13/47 (28)
Untestable 23 (21) 11 (17) 12 (26)

Due to neurologic impairment 20 (18) 8 (13) 12 (26)
Due to cognitive impairment 3 (3) 3 (5) 0 (0)

Due to other reasons 3 (3) 2 (3) 1 (2)
Missing, no reason

At 18 mo, the BSID-II MDI was used to assess neurodevelopmental outcomes. At 6–7 y, the WPPSI-III (n = 93) or Wechsler Intelligence Scale for Children, Fourth Edition Full Scale IQ (n = 17)
and the Neuropsychological Assessment (NEPSY) attention or executive function (n = 77) and visuospatial processing subscales (n = 84) were used to assess cognitive outcomes. Test
score comparisons were conducted with Fisher exact tests for categorical data and 2-sided t tests for continuous data. Q1, quartile 1; Q3, quartile 3.
a Children deemed so severely impaired as to preclude psychometric evaluation (n = 19) were assigned a Full Scale IQ of 39. No scores were imputed for verbal IQ, performance IQ, or
processing speed quotient.

TABLE 3 Classification of Neurodevelopmental Outcomes at 18–22 mo and 6–7 y Among Survivors of HIE

All Participants

Classification of MDI
at 18–22 mo, n

Total Population, n
Classification of IQ at 6–7 y

Survivors Free of CP at 6–7 y, n
Classification of IQ at 6–7 y

Survivors With CP at 6–7 y, n
Classification of IQ at 6–7 y

.84 [70, 84] ,70 Total, n (%) .84 [70, 84] ,70 Total, n (%) .84 [70, 84] ,70 Total, n (%)

All Participants
.84 39 12 2 53 (48) 38 12 2 52 (60) 1a 0 0 1 (4)
70–84 12 13 2 27 (25) 12 13 2 27 (31) 0 0 0 0 (0)
,70 1 2 27 30 (27) 1 2 4 7 (8) 0 0 22b,c 22 (96)
Total, n (%) 52 (47) 27 (25) 31 (28) 110b (100) 51 (59) 27 (31) 8 (9) 86 (100) 1 (4) 0 (0) 22b (96) 23 (100)

Change from MDI at 18–22 mo to IQ at 6–7 y Categorical (.84, [70, 84], ,70) Numeric Values Mean Numeric Change (SD)

Unchanged 79 3 0
Deteriorated 16 64 210.2 (7.2)
Improved 15 43 12.0 (8.9)

Hypothermia Participants
.84 22 9 2 33 (52) 22 9 2 33 (62) 0 0 0 0 (0)
70–84 8 7 2 17 (27) 8 7 2 17 (32) 0 0 0 0 (0)
,70 0 1 12 13 (21) 0 1 2 3 (6) 0 0 9b 9 (100)
Total, n (%) 30 (48) 17 (27) 16 (25) 63b (100) 30 (57) 17 (32) 6d (11) 53 (100) 0 (0) 0 (0) 9b (100) 9 (100)

Normothermia Participants
.84 17 3 0 20 (43) 16 3 0 19 (58) 1a 0 0 1 (7)
70–84 4 6 0 10 (21) 4 6 0 10 (30) 0 0 0 0 (0)
,70 1 1 15 17 (36) 1 1 2 4 (12) 0 0 13 13 (93)
Total, n (%) 22 (47) 10 (21) 15 (32) 47 (100) 21 (64) 10 (30) 2 (6) 33 (100) 1 (7) 0 (0) 13 (93) 14 (100)

Percentages do not necessarily add up to 100% because of rounding.
a Child with hemiplegia.
b One child treated with hypothermia is missing CP status at 6–7 y. The child had CP at the 18-mo follow-up visit and was categorized as having the primary outcome based on severe
developmental delay, blindness, and epilepsy.
c Among children with IQ ,70 with CP (N = 22), cranial MRI lesions included 16 with basal ganglia, thalamic, internal capsule, and cerebral lesions (NRN score 2B), 1 with basal ganglia,
thalamic, and internal capsule lesions only (NRN score 2A), and 1 with hemispheric devastation (NRN score 3); 4 did not have an MRI.38
d Of the 6 children treated with hypothermia who had IQ ,70 but no CP, 4 had cranial MRI before NICU discharge. Two had normal scans, 1 had cerebral lesions only (NRN score 1B), and
1 had basal ganglia, thalamic, internal capsule, and cerebral lesions (NRN score 2B).
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education less than HS had behavior
problems, compared with 1/45
infants with maternal education of HS
or more, P = .046).

DISCUSSION

Perinatal or postnatal
hypoxic–ischemic insult models
suggest learning impairment and
memory and behavioral problems
among the survivors of HIE.32–35 We
observed some of these deficits in our
school-age survivors who were
treated for neonatal encephalopathy.
More than 30% of the children
followed to 6 to 7 years received
special educational services.
Furthermore, 7% to 9% had
behavioral problems by parental
report, a rate similar to the 5% to 7%
reported among normally developing
children.36 On formal IQ testing,
cognitive impairment (IQ ,70) was
identified among nearly all children
with CP (96%) and a small
percentage of those without CP (9%
of children without CP had an IQ
score ,70, and 31% had IQ scores of
70–84).

Miller and colleagues20 were among
the first to identify an association
between a watershed pattern of brain
injury (greater abnormalities on T2
MRI in the intravascular boundary
zones at a median age of 6 days) and

mental developmental impairment at
30 months of age among children
who had neonatal encephalopathy
and normal motor outcomes. They
also reported an association between
deteriorating cognitive function and
low socioeconomic status among
children with mild to moderate
impairments. We observed an
association between maternal
education less than HS and lower IQ
scores. Whether genetically or
environmentally influenced, these
high-risk neonates might be targeted
for early intervention services.

The same group of children reported
by Miller et al was assessed at 4 years
of age; increasing watershed injury
pattern was associated with
decreasing verbal IQ among children
free of functional motor
impairments.37 There was no
association between brain injury
pattern and performance IQ. Among
the children with follow-up in our
school-age study, verbal IQ was
disproportionately affected as
compared with performance IQ or
processing speed quotient. However,
the worst cognitive outcomes (across
multiple domains) were observed
among children with severe CP or
neuromotor functional impairments.
Unfortunately, MRI was performed
only in a subset of the children we
assessed.38

School-age follow-up after neonatal
encephalopathy is limited mostly to
studies conducted in the
prehypothermia era. One exception is
the recent follow-up study conducted
by the TOBY study group.39 In that
study, 6- to 7-year neurocognitive
outcomes were reported for 184 of
325 trial participants randomly
assigned to hypothermia or standard
care alone. Survival with IQ $85 was
higher for the hypothermia group
(52%) than for control infants (39%)
(relative risk, 1.31 [1.01–1.71]).
Survival without CP or neurologic
abnormalities also was higher for
hypothermia-treated as compared
with control infants. Mean IQ scores
revealed no significant between-
group differences, however. IQ scores
were higher as compared with the
NICHD follow-up, which might have
been mitigated by loss to follow-up
(nonparticipants had higher
temperatures at randomization and
were less likely to enter the study by
4 hours of age in the TOBY follow-up).
Rates of utilization of special
educational resources were
comparable to ours (34.4% in the
hypothermia group and 46.2% in the
control group). Likewise, parentally
reported behavioral problems were
comparable to those of other school-
age populations.

In contrast to the recent literature,
follow-up studies conducted before
the introduction of hypothermia
provided comparisons with age-
matched control children. This is
important because rates of
impairment might differ significantly
when test reference norms are used
as opposed to matched control
groups.9 Robertson and
colleagues14–17 studied 2 HIE birth
cohorts (born 1974–1979 and
1982–1986) and age-matched
controls assessed at 5.5 and 8 years
of age. For both cohorts, all surviving
children with severe HIE at birth
were multiply handicapped, and 21%
of surviving children with moderate
HIE were disabled (8% had multiple
disabilities). Nondisabled survivors of

TABLE 4 Predictors of Cognitive Outcome as Measured by Full Scale IQ at 6–7 y

Categorical

Odds Ratio 95% CI P

Treatment group: hypothermia 5.1 0.6 to 46.2 .15
MDI at 18 mo ,.001
,70 vs .84 338 29.3 to .999 ,.001
[70, 84] vs .84 1.8 0.2 to 14.0 .60

Maternal education less than high school at 18 mo 2.5 0.4 to 14.7 .32
Level of encephalopathy: severe vs moderate 2.2 0.3 to 15.4 .43

Continuous

Estimate 95% CI P

Treatment group: hypothermia 21.6 (27.2 to 4.1) .58
MDI at 18 mo ,.001
,70 vs .84 242.1 (249.3 to 235.0) ,.001
[70, 84] vs .84 25.6 (212.4 to 1.3) .11

Maternal education less than high school at 18 mo 27.5 (214.0 to 21.0) .02
Level of encephalopathy: severe vs moderate 22.1 (29.3 to 5.1) .57
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moderate neonatal encephalopathy
were similar to healthy controls with
respect to perceptual motor skills and
receptive vocabulary but showed
delays in school-related activities
such as reading, spelling, and
arithmetic. In fact, these children
were likely to be 1 grade level behind
the healthy age-matched controls. The
outcomes of our neonates who
received therapeutic hypothermia are
better in terms of survival and
neuromotor disabilities including CP;
however, cognitive impairments
remain. IQ scores were subnormal in
48% of participants treated with
hypothermia (with 21% ,70).
Additionally, 32% of our
hypothermia-treated children who
were functioning at a level that
permitted formal
neurodevelopmental or IQ testing
needed school assistance or special
educational services.

Marlow et al40 evaluated the
neurocognitive and behavioral
outcomes of a cohort of school-age
children from the United Kingdom
born between 1992 and 1994 with
HIE. Sixty-five of 130 eligible children
were followed to 7 years along with
a group of 49 matched comparison
children who attended mainstream
schools. In the 50 children without
major disability, general cognitive
ability was lowest for children with
a history of severe encephalopathy
(similar to our findings). Cognitive
ability scores on the British Ability
Scales–II were similar between
children with moderate HIE at birth
and those of their school-age peers.
Despite no significant differences in
developmental quotients among
these children and their school-aged
peers, children with neonatal
encephalopathy had more special
educational needs and lower
achievement on assessments of
national curriculum attainment.
Behavioral problems were reported
in 5 out of 22 (23%) of children with
severe HIE, 2 out of 26 (8%) of
children with moderate HIE, and 1
out of 42 (2%) of the comparison

group. Seven percent of our school-
age participants had behavioral
problems, based on parental report.
Twenty percent of our school-age
participants with normal IQ scores
needed special educational
assistance, a finding that illustrates
the importance of formal assessment
before school entry. Careful
neurodevelopmental follow-up
coupled with advanced
neuroimaging may advance our
understanding of the neuropathology
of neonatal encephalopathy and
present new opportunities for
intervention.

Important limitations of our work
include the lack of power to detect
significant differences in school-age
IQ between the hypothermia and
normothermia groups, the racial
differences in survivors who
underwent follow-up (which may
have moderated our results in
a favorable direction), the use of 2
instruments to assess IQ, and the
failure to report functional outcomes
or school achievement testing.
Intellectual impairment requires
impaired adaptive functioning. The
NICHD NRN randomized trial of
whole-body hypothermia was
designed to detect a difference in
death or disability at 18 to 22
months. Our school-age sample was
not of sufficient size to detect
a modest 5-point between-group
difference in Full Scale IQ; a sample
size of 142 per group would have
been needed for this secondary study
(based on a 2-tailed type 1 error of
0.05 and statistical power of 80%).
Nevertheless, this is the largest study
to date to address an unfortunate
tenet of neuromythology regarding
the lack of association between
cognitive impairment and neonatal
encephalopathy among survivors
without CP. Our data show that
cognitive impairment, though not
specific to neonatal encephalopathy,
is an important concern for all
children with neonatal
encephalopathy. Early intervention
and school-age assessments are

recommended regardless of motor
impairment.
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