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Abstract
Introduction: This study described the developmental outcomes of infants who were diagnosed with Hypoxic-Ischemic Encephalopathy (HIE)
after birth and were treated with whole body therapeutic hypothermia. Despite multiple studies on the efficiency and safety of therapeutic hypothermia
for newborns with HIE little research is available specifically comparing developmental outcomes of infants with and without clinical seizure activity
who have received this treatment.

Methods: We retrospectively analyzed cases of HIE in a Level 3 NICU who were treated with therapeutic hypothermia according to the hospital’s
standard procedures. Demographic data and test scores were analyzed for the entire group of infants and scores were compared for the group of infants
with versus without neonatal seizures.
Results: The study consisted of data collected from the medical records of 24 surviving infants. Demographic data were comparable for the seizures
and no seizures groups for all variables analyzed except for maternal age (significantly younger mean age of mothers in the group of infants with
seizures than without seizures). The group of infants without neonatal seizures had higher mean scores across all developmental domains than the
group of infants with neonatal seizures; however, clinical significance in these differences were only achieved in two score areas.
Conclusion: Results of this study indicated that the majority of the infants had overall developmental scores that indicate Moderate to Severe
Developmental Delays despite receiving the whole body cooling treatment. Specific comparisons between the group of infants with and without
seizures who received this treatment indicated better developmental outcomes for infants without seizures than for those infants who had seizures,
though statistically significant differences were found in one specific sub domain and in the overall Total Developmental Quotient. More of the infants in
the no seizure group had developmental scores in the Average range than did infants in the seizures group.
Keywords: Neonatal, Hypoxic-Ischemic Encephalopathy (HIE); Therapeutic hypothermia; Seizures development; Outcomes

Abbreviations: HIE: Hypoxic-Ischemic Encephalopathy; NICU: Neonatal Intensive Care Unit; IDEA: Individuals with Disabilities Education Act; BDI-II:
Battelle Developmental Inventory; EEG: Electroencephalogram; PA: Perinatal Asphyxia

Introduction
The study described the medical, neurological, and
developmental outcomes of infants who were diagnosed with
Hypoxic-Ischemic Encephalopathy (HIE) after birth and were
treated with total body hypothermia (body cooling). The study
provides data on the efficacy of total body cooling in this specific
cohort of infants. The data were obtained by a retrospective review
of medical and developmental records of infants born during a twoyear period who were treated in the Neonatal Intensive Care Unit
(NICU) at a hospital in Central Florida.

In 2009, the hospital’s Level 3 NICU adopted as standard
procedure the use of therapeutic hypothermia as a neuroprotective
treatment for full-term infants diagnosed with HIE secondary to
perinatal asphyxia (PA). In the first two years of implementation
of this new protocol, 29 infants received the cooling procedure at
this site. Despite multiple studies on the efficiency and safety of
therapeutic hypothermia for newborns with HIE [1], there have
been few studies specifically investigating the effects of clinical
seizure activity before and after the cooling procedure on infant
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and early childhood outcomes. These early studies looking at
the effects of seizures on outcomes were primarily focused on
comparing outcomes between infants in the control (non-cooled)
group and infants in the treatment (cooled) groups [2]. Little
research is available specifically comparing outcomes of infants
with and without clinical seizure activity who have been treated
with therapeutic hypothermia.

The primary goal of this research study was to investigate the
neurodevelopmental outcomes of therapeutic hypothermia as a
neuroprotective treatment for HIE as implemented at a specific
hospital site and to explore the possibility of differential outcomes
given the presence or absence of neonatal seizures. Data for this
study was collected from birth records including data on the
cooling process, neurological consultations, follow-up while in the
NICU, and data collected by a state funded developmental early
intervention program (IDEA Part C).

Hypothesis

a.
Infants in the study will have comparable
neurodevelopment to same-age, typically developing peers, as
indicated by scores within the average or expected range on the
Battelle Developmental Inventory, 2nd Edition (BDI-II) (between
-1 and +1 SD of the mean = 85-115) at all assessment times.
b.
Infants who were diagnosed with neonatal seizures
prior to discharge will demonstrate significantly lower scores
on measures of neurodevelopmental functioning than infants
without this diagnosis at all assessment times.

Methods

Approval to conduct the research was granted by the Florida
Department of Health. This study utilized a retrospective clinical
series (case series) design, by tracking patients with a known
condition who were given similar treatments and collecting data
by examining medical records for treatment and outcomes. A
small sample size was anticipated because the focus of this project
Table 1: Maternal and infant characteristics at discharge.

is on outcomes related to a specific medical diagnosis (HIE) in a
restricted subset of the population (newborns meeting inclusion
criteria for hypothermia as a neuroprotective treatment).

Subjects were secured from a list of newborns treated with
therapeutic hypothermia in the NICU at one hospital during a twoyear time frame. Consent was secured from the infants’ parents by
mailing home a consent form and a cover letter as well as a phone call
from one of the investigators explaining the research process. After
securing consent, subjects were not contacted again, only data that
was previously collected and stored in medical or developmental
records was analyzed. We reviewed the electronic medical records
for each of the subjects whose parents signed a consent form. Since
the subjects varied by age based on date of birth, follow-up visits
and assessments were reviewed as they became available in the
medical records. Data collection was conducted on an ongoing basis
and periodic reviews and summaries of available information were
completed every 6 months.
Of the 29 babies treated with whole-body cooling within
the two-year period, 3 infants died prior to discharge from the
NICU, 1 infant was discharged to a skilled nursing facility, and 25
infants were discharged home. Medical records were not available
for the 3 deceased infants, the 1 infant discharged to the skilled
nursing facility, and 1 of the surviving infants who moved out of
state. All preliminary data analyses were done with the sample
of the 24 infants’ available medical records. Of the 24 infants, 12
infants, records included diagnoses of seizures and 12 did not;
16 infants were rated as having “moderate/moderate to severe”
encephalopathy and 8 were rated as having “severe” encephalopathy.
Demographic characteristics were similar for subjects across both
groups with the exception of the variable maternal age. Younger
maternal ages were found in the seizures group (M=25.7, SD = 6.2)
than in the no seizures group (M = 32.3, SD = 6.2); t (22) = 2.605,
p = 0.02. Refer to Table 1 for a summary of selected maternal and
infant characteristics.

Characteristics

Overall n = 24

Seizures n = 12

No Seizures n = 12

p value

Maternal age, range (mean), years

17-43 (29.0)

17-37 (25.7)

23-43 (32.3)

.016a

Emergency C-section, n (%)

14 (58.3)

8 (66.7)

6 (50.0)

Vaginal, vacuum assisted, n (%)

2 (8.3)

2 (16.7)

0 (0.0)

Method of delivery

Vaginal, unassisted, n (%)
Neonatal Gender
Male, n (%)

Female, n (%)

Pregnancy Complications
No complications, n (%)

8 (33.3)

12 (50.0)
12 (50.0)
8 (33.3)

Complications, n (%)

16 (66.7)

No complications, n (%)

4 (16.7)

Delivery Complications

2 (16.7)
6 (50.0)
6 (50.0)
6 (50.0)

.117b

6 (50.0)
1.00 b

6 (50.0)
6 (50.0)

.083 b

2 (16.7)

6 (50.0)

10 (90.9)

1 (8.3)

3 (25.0)

.273 b
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Complications, n (%)

20 (83.3)

11 (91.7)

9 (75.0)

1 minute (median) n=23

2

1.5

2

.847 a

10 minute (median) n=20

5

5

4.5

.582 a

APGAR Scores

5 minute (median) n=23

a

Independent samples t-test

b
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4

4

4

.433 a

Chi square test

Results and Discussion
At the end of the data collection period, 18 of the 24 infants had
undergone initial developmental testing with the BDI-II when they
were between the ages of birth and 6 months. Of those evaluated,
11 infants were in the seizures group while 7 infants were in the no

seizures group. In order to facilitate a comparison of our data with
results of previously published studies, the total developmental
quotients for each infant were described using standard categories
of Average (85+), Moderately Delayed (70-84), and Severely
Delayed (<70).

Figure 1: Mean standard scores for each domain on the BDI-II by group.

Figure 2: Percent of infants Total Developmental Quotient scores by descriptive category.
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Inconsistent with our first hypothesis, the majority of infants in
this study did not achieve neurodevelopmental assessment scores
within the Average range, which would have indicated comparable
development to typically developing peers. Eleven infants scored
in the Moderately Delayed or Severely Delayed ranges, while 7
infants scored within the Average range. Consistent with our
second hypothesis, the group of infants without neonatal seizures
had higher mean scores across all developmental domains than
the group of infants with neonatal seizures; however, statistically
significant differences were found only in the Personal-Social
domain [t(15) = 2.405, p = .03] and the Total Developmental
Quotient [t(15) = 2.101, p = .05]. Refer to Figure 1 for a comparison
of mean scores by domain area by subject group. Significantly more
infants (p = .03) in our study who were in the no seizures group had
total scores in the Average range (71.4%) than did infants in the
seizures group (27.3%). Refer to Figure 2 for a comparison of the
percent of scores in each descriptive category for the seizure and
no seizure.
Previous studies [3] reported rates of approximately 69%
(Average), 7% (Moderately Delayed), and 26% (Severely Delayed)
for infants who received a cooling treatment. Our study found
different rates per category with considerably more infants falling
in the Moderately Delayed range and fewer in the Severely Delayed
range than previous studies (39% Average, 55% Moderately
Delayed, 6% Severely Delayed). In one of the few studies looking
specifically at differences between infants with and without
seizures, Kwon and colleagues (2011) found significantly higher
rates of scores in the Severely Delayed range in the seizures group
(40%) than in the no seizures group (20%), p = 02. Our study found
a similar pattern of scores with a significantly higher rate of scores
in the Severely Delayed range for infants in the seizures group
(20%) than in the no seizures group (0%). All of the infants in
the no seizures group received developmental scores classified as
Average or Moderately Delayed (none in the Significantly Delayed
category).

Conclusion

Results of this study indicated that the majority of the infants
had overall developmental scores that indicate Moderate to Severe
Developmental Delays despite receiving the whole body cooling
treatment. Specific comparisons between the group of infants
with and without seizures who received this treatment indicated
better developmental outcomes for infants without seizures than
for those infants who had seizures, though statistically significant
differences were found in one specific sub domain and in the
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overall Total Developmental Quotient. More of the infants in the no
seizure group had developmental scores in the Average range than
did infants in the seizures group [4,5]

Impact & Future Analysis

The results of this clinical study enhanced our knowledge about
the neurodevelopmental outcomes of therapeutic hypothermia
for a specific cohort of infants and the possibility of differential
outcomes given the presence or absence of seizure before, during,
and after the cooling treatment. As a result of this study, hospitals
may use the preliminary data to improve or modify the cooling
protocol used in their NICU. Since the infants with seizures fared
worse than those without seizures and clinical recognition of
seizures in depressed and sedated babies remains challenging,
earlier recognition of seizures utilizing Electroencephalogram
(EEG) monitoring and earlier treatment for seizures may improve
these infants’ overall outcomes. This research data was shared with
the administrators of the local early intervention program to assist
the program in improving evaluation and intervention protocols.
As infants in the study reach appropriate ages for reevaluation,
comparisons of the change in scores on the BDI-II will be made
between infants with and without seizures. Infants are expected
to be reevaluated at 18 months of age. Future evaluations are also
recommended to evaluate executive functioning skills, attention
and memory, and learning abilities, which previous research has
indicated are skills and abilities negatively affected by prenatal and
neonatal injuries such as HIE.
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