
NEONATAL NEUROBEHAVIOR AFTER THERAPEUTIC 
HYPOTHERMIA FOR HYPOXIC ISCHEMIC ENCEPHALOPATHY

An N. Massaro, MD*,a,f, Iordanis Evangelou, DPhilb,f,g, Judy Brown, NNPc, Ali Fatemi, MDd, 
Gilbert Vezina, MDb,f,g, Robert McCarter, ScDe,f,h, Penny Glass, PhDc,f, and Catherine 
Limperopoulos, PhDb,f

aDepartment of Neonatology, Children’s National Health Systems, Washington, DC, United 
States

bDepartment of Diagnostic Imaging and Radiology, Children’s National Health Systems, 
Washington, DC, United States

cDepartment of Psychology & Behavioral Health, Children’s National Health Systems, 
Washington, DC, United States

eDepartment of Biostatistics & Informatics, Children’s National Health Systems, Washington, DC, 
United States

dKennedy Krieger Institute, Johns Hopkins School of Medicine, Baltimore, MD

fDepartment of Pediatrics, The George Washington University School of Medicine, Washington, 
DC, United States

gDepartment of Radiology, The George Washington University School of Medicine, Washington, 
DC, United States

hDepartment of Epidemiology & Biostatistics, The George Washington University School of 
Medicine, Washington, DC, United States

Abstract

Background—Perinatal hypoxic ischemic encephalopathy (HIE) is a major cause of 

neurodevelopmental impairment including cerebral palsy and intellectual disability. Brain 

magnetic resonance imaging is the gold standard for acute assessment of cerebral injury in HIE. 

Limited data are available regarding the significance of clinically manifested neurobehavioral 

impairments in the neonatal period.
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Aim—To evaluate brain structure-function relationships in newborns with HIE using diffusion 

tensor imaging (DTI) and the NICU Network Neurobehavioral Scale (NNNS).

Study Design—Prospective observational study with secondary longitudinal component.

Subjects—Forty-five newborns (62% male) with HIE referred for therapeutic hypothermia who 

underwent MRI and neurobehavioral assessment prior to discharge.

Outcome Measures—DTI was performed at median age of 8 days (range 5–16) and NNNS at 

median 12 days of life (range 5–20, postmenstrual age 40±2 weeks). Developmental assessment 

with the Bayley Scales of Infant Development-II was performed at median age of 21.6 months 

(range 20.8–30.6).

Results—Significant associations were observed between DTI corticospinal tract integrity and 

NNNS neuromotor performance in HIE newborns. Neonatal neuromotor performance was also 

related to later early childhood motor outcomes.

Conclusions—NNNS performed after therapeutic hypothermia in newborns with HIE can 

identify neuromotor abnormalities that are related to microstructural brain injury in the 

corticospinal tract and later motor outcomes in early childhood. These data support the NNNS as a 

valid early functional assessment of perinatal brain injury.
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Introduction

Perinatal hypoxic ischemic encephalopathy (HIE) is a leading cause of infant mortality and 

long term neurologic disability (1, 2). Therapeutic hypothermia is the current standard of 

care for newborns with moderate to severe HIE (3). However, investigations to establish 

adjuvant neurotherapies are ongoing, as nearly half of affected infants continue to have 

significant brain injury despite treatment with hypothermia (4–6). Methods to assess and 

quantify areas of deficit in the neonatal period are needed to gauge efficacy of hypothermia 

and other neuroprotective interventions, and to guide rehabilitative therapies for infants with 

perinatal brain injury.

The NICU Network Neurobehavioral Scale (NNNS) is a comprehensive standardized 

assessment of neurological integrity and behavioral functioning in the high-risk newborn 

(7). We previously reported the use of the NNNS for quantitatively documenting 

neurological status in newborns with HIE after therapeutic hypothermia (8). While we 

observed a significant relationship between NNNS motor abnormalities and severe brain 

injury by conventional MRI, we seek to extend this work by further examining brain 

structural-anatomical correlations using more robust quantitative MRI methods.

Diffusion tensor imaging (DTI) is a quantitative MRI method that can provide reproducible 

measures of brain microstructural integrity (9). The relationship between DTI and NNNS 

has not been previously evaluated in the newborn. Evaluating the association between DTI 
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measures of brain injury and quantitative measures of neurobehavioral performance in the 

neonatal period may enable the detection of subtle relationships between regional brain 

structure and functional phenotype, providing pathobiological context to clinical 

abnormalities detected at the bedside. Similarly, establishing a link between NNNS neonatal 

neurobehavioral performance and later neurodevelopmental outcomes will further establish 

the significance of neurobehavioral abnormalities identified in the newborn period, and 

whether they can provide an early bedside observable indicator of later developmental risk. 

While the NNNS has been linked to later developmental outcome in other high-risk neonatal 

populations (10–12), neonatal neurobehavioral abnormalities detected by the NNNS have 

not been previously related to later outcomes in survivors of HIE.

This goal of this work is to establish the clinical significance of neonatal neurobehavioral 

abnormalities in newborns with HIE. To that end, this study aims to examine the 

relationship between brain microstructural organization measured by quantitative DTI and 

neonatal neurobehavioral performance in infants with HIE. Specifically, we hypothesized 

that impaired brain microstructure in the corticospinal tract (CST) and corpus callosum (CC) 

would be associated with poorer neurobehavioral performance in motor and non-motor 

domains, respectively, in newborn survivors of HIE. Secondarily, we hypothesized that 

neonatal neurobehavioral performance would be associated with later neurodevelopmental 

outcome in patients followed through early childhood.

Methods

Participants

Newborns with HIE admitted for therapeutic hypothermia to a level 4 neonatal intensive 

care unit (NICU) in a free-standing children’s hospital were approached for enrollment in 

this prospective observational study. Participants were treated with whole body hypothermia 

according to established criteria (4) (i.e. infants were greater than 36 weeks gestational age 

and 1800 grams at birth, had no known or suspected chromosomal abnormality or major 

congenital anomaly, had metabolic acidosis and/or low Apgar scores, and exhibited signs of 

moderate to severe clinical encephalopathy). The study was approved by the Institutional 

Review Board and written informed consent was obtained from the parents of eligible 

participants. This study group represents a subset (who had available DTI data) of a larger 

cohort for whom neurobehavioral and conventional MRI data have been previously reported 

(8).

Magnetic Resonance Imaging

Image Acquisition—MRI was performed at target 7–10 days of life on a 1.5T scanner 

(Signa HDx, GE Healthcare, Milwaukee, WI, USA) using an 8-channel receive head coil 

(InVivo Corp., Gainesville, FL, USA). Infants were scanned without the use of sedation 

when possible. Standard sequences included sagittal and axial spin echo (SE) T1-W, axial 

dual echo SE proton density (PD) and T2-W images, and coronal fast spin echo (FSE) T2-

W. A single shot SE echoplanar imaging (EPI) axial DTI sequence was used with the 

following parameters: TR 10,000 ms, TE 100 ms, acquisition matrix 128×128, slice 
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thickness 4 mm, 1 volume with no diffusion weighting (b=0) and 25 volumes in non-

colinear gradient directions with diffusion weighting (b=1000 s/mm2).

Preprocessing of Diffusion Tensor Images—A semi-automated MRI pipeline 

optimized for neonatal data was used for DTI preprocessing, culminating in the calculation 

of parametric maps for fractional anisotropy (FA), mean (MD), axial (AD) and radial (RD) 

diffusivity (13). These DTI-derived metrics characterize the underlying diffusion of water 

molecules within tissues. RD has been proposed as a measure of myelination (14, 15), while 

AD may represent fiber coherence and axonal membrane structure and integrity (14). FA 

reflects these and other factors including fiber diameter and density, as well as extracellular 

and interaxonal spacing (14–16). MD quantifies the average magnitude of water diffusion 

along the 3 primary axes, providing a general measure of tissue density.

Corticospinal Tract and Corpus Callosum Fiber Tracking—We selected CST and 

CC because of their known association with motor and cognitive function respectively (17). 

DTI tractography of these major white matter pathways was performed using Fiber 

Assignment by Continuous Tracking in DTI Studio software (Johns Hopkins University, 

Baltimore, MD) (18). For the CST, regions of interest were manually placed at the level of 

the cerebral peduncles, posterior limb of the internal capsule and centrum semiovale anterior 

to the central sulcus on axial images (Figure 1a–c) (19). Left and right CST measures were 

averaged for analysis. The CC was manually delineated on a mid-sagittal image, and right 

and left para-sagittal images (Figure 1d–e). Mean FA, MD, AD and RD were calculated for 

each tract within DTI Studio. Tractography was performed by a single investigator (A.N.M.) 

who was masked to the clinical and NNNS data of the subjects.

Neurobehavioral Assessment

The NNNS is a quantitative standardized assessment of biobehavioral organization in the 

neonate that can be easily and safely performed at the bedside (7). The examination consists 

of a series of administration and observation items that are individually scored, leading to an 

output of 13 summary scores that reflect performance in different motor and non-motor 

domains (20). The instrument has strong psychometric properties with reported Cronbach’s 

alpha ranging from .87–.90 for the summary scores (21, 22) and normative data are available 

from a large cohort of healthy term newborns (23). Certification to administer the NNNS is 

required after formalized instruction and reliability testing. The NNNS was performed in 

study participants at a target age of 14 days (or prior to discharge if earlier than 14 days) by 

a certified examiner who was blinded to clinical history and MRI findings of the subject. 

NNNS summary scores were conceptually grouped as previously described to calculate 

overall measures of motor and non-motor performance (8). Briefly, the sum of Hypertonia, 

Hypotonia, Asymmetry, Non-optimal Reflexes, Excitability, and Lethargy summary scores 

(reflecting counts of abnormal responses) comprised a Total Motor Abnormality Score, 

where a higher score represents increasing degree of motor abnormality. Conversely, z-

scores (normalized to published values for healthy term newborns) for Habituation, 

Handling, Attention, Arousal, Regulation, and Stress/Abstinence were summated to provide 

a Total Non-motor Z-Score, where positive scores reflect better performance on given non-
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motor domains compared to norms. Quality of movement z-score was assessed separately as 

a measure of motor maturity.

Neurodevelopmental Assessment

Infants were assessed with the Bayley Scales of Infant Development (BSID-II) by a 

formally-trained and experienced developmental psychologist who was blinded to NNNS 

and MRI data (24). The BSID-II is a standardized assessment that includes a Mental 

Developmental Index (MDI) that assesses early cognitive, language and social skills, as well 

as a Psychomotor Developmental Index (PDI) that evaluates fine and gross motor 

development. BSID-II scores of 100 ± 15 represent the normative mean ± standard 

deviation. Children who were not testable at the time of evaluation (due to severe motor or 

cognitive impairment precluding administration of requisite basal items) were assigned a 

MDI or PDI score of 49 for analysis, as a score of 50 represents the floor of the assessment. 

Infants were assessed at 21 months of age as the earliest time point that coincided with our 

clinical follow-up schedule that would allow for more reliable assessment of language 

development. Although the third edition of the BSID was released in 2006 (25), the BSID-II 

continued to be used as the assessment tool in our developmental clinic during the study 

period and thus was the outcome measure used in this study.

Statistical Analysis

Descriptive statistics included standard measures of central tendency and variability for 

continuous data and frequencies for categorical variables. Linear regression models were 

developed to evaluate the association of NNNS score (dependent variable) with the 

corresponding DTI-derived metric (i.e. NNNS motor score with DTI measures in the CST 

and NNNS non-motor z-score with DTI measures in the CC). Separate models were 

developed for each DTI metric (FA, AD, RD, MD). Data were transformed when normality 

assumptions were not met. Multiple regression models were used to control for baseline 

characteristics including birthweight, gestational age, race, and gender, as well as clinical 

factors that could influence the relationship between NNNS and DTI (i.e. age at NNNS and 

age at MRI). If a significant relationship was observed between a DTI metric and composite 

NNNS score, exploratory models were also developed to evaluate the association between 

individual NNNS summary score components and the given DTI metric. In secondary 

analyses, composite scores that did not demonstrate significant associations with DTI 

measures were evaluated for cohesiveness by calculating Cronbach’s Alpha statistics. In the 

subset of patients for whom developmental outcome data were available, the associations 

between NNNS and Bayley scores were evaluated with linear regression models adjusting 

for similar demographic and clinical covariates. These models also included indicators of 

socioeconomic status (i.e. need for medical assistance and maternal education level) as these 

are known to influence developmental outcome. Statistical analysis was performed with 

STATA 11.0 software (StataCorp LP, College Station, TX, USA).

Results

Of the 63 infants enrolled (Figure 2), 13 (20%) died prior to target age for NNNS 

examination. NNNS was not performed in another 5 eligible infants either due to medical 
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instability precluding examination (n=3) or unavailability of an examiner at target age/

discharge (n=2). NNNS was therefore performed in 45 infants at a median age of 12 days of 

life (range 5–20). Infants who did not undergo NNNS were more likely to have severe 

encephalopathy (p<0.001), have lower 1-minute Apgar Score (p=0.032) and lower 

presenting pH (p=0.003) compared to those who underwent NNNS. Of the 45 participants 

who underwent NNNS examination, 34 infants had complete assessment with requisite 

number of items for calculation of Total Non-motor Z-score. Infants who were unable to 

tolerate complete assessment were more likely to have severe encephalopathy at 

presentation (p=0.028) and history of electrographic seizure (p=0.001). MRI was performed 

in study patients at a median age of 8 days (range 5–16). A total of 32/45 (71%) infants were 

assessed with the BSID-II at 21 months. There were no significant differences between 

infants assessed and those lost to follow-up except for indicators of SES. Infants lost to 

follow-up were more likely to be recipients of medical assistance (38.5% vs 6% assessed, 

p=0.007) and had lower proportion of college-level maternal education level (23% vs 56%, 

p=0.043). Characteristics of the study population are presented in Table 1.

Relationship between Neurobehavioral Performance Across Motor Domains and 
Corticospinal Tract Microstructural Integrity

Corticospinal Tract FA (regression coefficient (B)=0.222; standard error (SE)=0.072; 95% 

confidence interval (CI)= 0.076, 0.368; p=0.004) and AD (B=0.054; SE=0.004; 95% CI= 

0.004–0.103; p=0.034) were lower in infants with more motor abnormality (i.e. higher 

NNNS Total Motor Score) after adjusting for covariates (Figure 3A–B). While there was a 

trend towards a positive relationship between CST RD and NNNS Total Motor Score 

(p=0.085), this was not significant (p=0.216) after demographic and clinical variables were 

controlled. CST MD was not significantly associated with NNNS Total Motor Score 

(p>0.05). NNNS Quality of Movement Score was not significantly associated with any of 

the CST DTI metrics (p>0.05).

In evaluating the individual NNNS summary scores, the summary scores for Hypertonia 

(p=0.036) and Non-optimal Reflexes (p=0.076), demonstrated significant or trend towards 

significant individual relationships with CST FA respectively. Thus, these components of 

the NNNS Total Motor Score were the most important contributors to the relationship 

between CST FA and NNNS Motor performance. CST AD was not individually associated 

with any of the component NNNS motor summary scores (p>0.05).

Relationship between Neurobehavioral Performance Across Non-Motor Domains and 
Corpus Callosum Microstructural Integrity

Total Non-motor Z-score was not significantly related to DTI metrics in the CC (p>0.05), 

thus individual component summary scores were not further explored. In secondary analysis, 

Total Non-motor Z-score was recalculated after removal of Habituation and Stress summary 

scores, as these subscales demonstrated low item-scale correlation (Habituation r=0.392 and 

Stress r=0.358) in our dataset. The reduced composite Total Non-motor Z-score trended 

towards a positive association with CC MD (B=6.08; SE =3.25; 95% CI= −0.6 – 12.76; 

p=0.073), but was not associated with CC RD (p = 0.118), CC AD (p = 0.128) or CC FA (p 

= 0.591).

Massaro et al. Page 6

Early Hum Dev. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Relationship between Neonatal Neurobehavioral Performance and Neurodevelopmental 
Outcome at 21 months

Developmental outcomes were assessed in 32/45 (71%) of study participants at a median 

age of 21.6 months (range 20.8–30.6). NNNS Total Motor Score was negatively associated 

with Bayley PDI after adjusting for covariates (p=0.040). NNNS Non-motor Z-score was 

not significantly related to Bayley MDI (p=0.521), although of note this model included a 

limited number of observations as only 21/32 (66%)of the infants assessed at 21 months had 

complete NNNS with requisite items for calculation of Total Z-score. The reduced NNNS 

Non-motor Z-score was likewise not statistically significantly associated with Bayley MDI 

(p=0.194).

Discussion

In this study, we sought to establish the clinical significance of neonatal neurobehavioral 

performance by examining early structural (MRI-DTI)-functional (NNNS) relationships in 

newborns with HIE following therapeutic hypothermia. We demonstrate that early 

neuromotor abnormalities detected by the NNNS in HIE newborns is associated with 

impaired CST microstructure and poorer psychomotor outcome in early childhood. 

Conversely, NNNS performance in non-motor domains was not significantly related to CC 

microstructural integrity or later outcomes. These data support the use of the NNNS as a 

valid assessment of neuromotor function, while the utility of the NNNS as a measure early 

neurobehavioral integrity across non-motor domains requires further evaluation in this 

population.

Assessing the presence, severity and significance of perinatal brain injury in the acute 

neonatal period remains a diagnostic challenge in clinical neuroscience. Standard 

neurological exam and severity classification scales according to Sarnat (26) and others (27, 

28) have been demonstrated to have variable predictive ability for identifying later 

neurodevelopmental impairment in newborns with HIE. The NNNS is an attractive 

alternative to this traditional approach, as it provides quantitative measures rather than broad 

normal versus abnormal classifications. Additionally, it allows for more detailed evaluation 

of individual neurobehavioral domains. For example, we demonstrated that hypertonia and 

non-optimal responses to primitive reflex pathways are particularly important signs that 

distinguish newborns with altered CST integrity. This aspect of the NNNS is particularly 

important in newborns with HIE, as it has been well described that selective vulnerability to 

different types and durations of cerebral insults can lead to variable patterns of injury and 

outcome phenotypes (29, 30).

The strengths of the current study include the incorporation of advanced quantitative MRI 

techniques to gauge microstructural brain injury. While conventional brain MRI has been 

established as a reliable predictor of neurodevelopmental outcome after HIE (31, 32), it 

depends on interpretation by an experienced pediatric neuroradiologist and can therefore be 

subjective. Additionally, similar to clinical exam, conventional MRI interpretation allows 

for discrete injury classifications (e.g. mild, moderate, severe), rather than reproducible 

continuous measures that can provide more robust granularity to quantifying severity of 
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injury. Quantitative DTI, particularly when used to assess regional brain injury, provides a 

powerful method to interrogate specific brain structural-functional relationships.

Despite the advantage of using quantitative measures of neurobehavioral function and 

anatomical injury, we were not able to demonstrate a significant relationship between NNNS 

performance in non-motor domains and callosal injury or later cognitive outcome. These 

findings are consistent with our prior report, where the association between Total Non-motor 

Z-score and severe conventional MRI injury did not remain significant after adjusting for 

covariates (8). However, we caution against the conclusion that NNNS cannot identify 

significant abnormalities in the non-motor domains based on these data, given the limited 

sample size that was included in these analyses. Even at 2 weeks of age, several infants were 

unable to undergo the requisite number of items to calculate total z-scores, which may be 

considered an inherent limitation of the exam in a critically-ill population. We purposely 

standardized the NNNS assessment time at 14 days of life to limit age-dependency of 

performance. Despite this it is recognized that nearly half (n=23) of infants were discharged 

prior to 14 days and thus assessed earlier, leading to the inclusion of age at NNNS 

assessment as a covariate in our regression models. It is possible that more complete data 

would be acquired if the exam were deferred until full clinical stability was achieved. It is 

also possible that alternative rubrics to evaluate NNNS performance across varied non-

motor domains may yield different results, as the Total Non-motor Z-score proposed has not 

been widely validated. While the conceptual grouping of these items allows for an overall 

functional measure to evaluate structure-function relationships, we acknowledge that 

relationships between individual summary scores or alternative groups of summary scores 

and structural brain injury may be established in future studies. While we explored an 

alternative non-motor composite score by excluding items with low item-scale correlation in 

our secondary analyses, the Cronbach Alpha of the reduced NNNS Z-score remained low 

(α=0.57). Our limited sample size precluded robust factor analyses that could establish a 

more reliable composite score to reflect performance across non-motor domains, although 

this will be a focus of future work. Thus, the significance of NNNS abnormalities identified 

in the non-motor domains will require further investigation.

This study has additional limitations apart from the acknowledged limited sample size. 

Although a rare occurrence, that some eligible infants were not assessed due to 

unavailability of an examiner at target age may introduce selection bias. Also, for practical 

purposes, reliability across examiners was not assessed although all assessments were 

performed by examiners certified for reliability in administration and scoring. Likewise, 

follow-up attrition, as with any longitudinal study, was another potential source of bias. 

Although it is reassuring that there were no significant differences between infants lost to 

follow-up and those assessed at 21 months with regards to baseline clinical characteristics, 

that those lost to follow-up represented a higher SES risk profile remains a concern. Further 

study is needed to better define the relationship between NNNS abnormalities in the 

newborn period and later neurodevelopmental outcome. Finally, although the current edition 

of the Bayley Scales (BSID-III) was available during the study period, our clinical follow-up 

program continued to use the BSID-II in order to have comparable data to previously 

evaluated babies with HIE (4, 5), and because of initial concerns that the BSID-III was 

reported to oeverestimate developmental progress (33, 34). Further study may be needed to 
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evaluate the relationship with neonatal NNNS performance and developmental outcome 

assessed by the BSID-III.

Conclusions

In newborns with HIE, neuromotor abnormalities assessed by the NNNS following 

therapeutic hypothermia are related to microstructural brain injury in the corticospinal tract 

and later motor outcomes in early childhood. Further study is warranted to evaluate the 

utility the NNNS for the acute assessment of significant functional deficits across 

neurobehavioral domains after perinatal brain injury.
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HIGHLIGHTS

• Brain structure-function relationships were evaluated in newborns with HIE

• Neonatal neurobehavior was evaluated with the NICU Network 

Neurobehavioral Scale

• White matter microstructural integrity was evaluated with diffusion tensor 

imaging

• Relationships were seen between neonatal neurobehavior and microstructural 

injury
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Figure 1. 
Visualization of white matter fiber tracts by diffusion tensor tractrography. Corticospinal 

tract was delineated by region of interest constraints at the level of the (A) cerebral 

peduncle, (B) posterior limb of the internal capsule (PLIC) and (C) centrum semiovale 

(CSO). Selected fibers are shown in blue on 2D axial images. Selected corpus callosum 

fibers are shown in red on (D) fractional anisotropy map and (E) T2-weighted trace images 

in the sagittal plane.
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Figure 2. 
Study population flow chart depicts attrition and available data used for analyses.
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Figure 3. 
Relationship between Total NNNS Motor Abnormality Score and corticospinal tract DTI 

measures. Raw data scatter plots are presented with unadjusted regression line and 95% 

confidence intervals (dotted line) for (A) fractional anisotropy and (B) axial diffusivity. 

*Denotes significant P value after adjusting for covariates.
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Table 1

Characteristics of the Study Population

Overall
Cohort (n=63)

Underwent
NNNS (n=45)

Complete
NNNS (n=34)

21 month
BSID-II (n=32)

Birthweight (mean ± SD Kg) 3.36 ± 0.7 3.36 ± 0.7 3.26 ± 0.7 3.45 ± 0.8

Gestational Age (mean ± SD weeks) 38.8 ± 1.9 38.7 ± 1.9 38.7 ± 2 39 ± 1.9

Gender (n, %male) 39 (62) 29 (64) 23 (68) 20 (62)

Apgar Score

 1 minute 1 (0–6)a 1 (0–6)* 2 (0–5) 1 (0–6)

 5 minute 3 (0–7)a 3 (0–7) 4 (0–7) 3 (0–7)

 10 minute 5 (0–9)b 5 (0–9)c 5 (0–7) 5 (0–9)d

Presenting pH 6.87 (6.5-7-4)e 6.94 (6.5–7.35)f* 7.0 (6.69–7.34) 6.9 (6.5–7.35)g

Base Deficit 19 (8–36)h 17 (8–36)i 17 (8–36) 18 (9–36)

Electrographic Seizure, n (%) 22 (35) 15 (33) 7 (21)** 12 (37)

Encephalopathy Grade (n, %)

 Moderate 43 (68) 38 (84) 31 (91) 26 (81)

 Severe 20 (32) 7 (16)* 3 (9)** 6 (19)

Age at NNNS (days) 12 (5–20) 12 (5–20) 12 (5–16) 12 (5–20)

Age at MRI (days) 8 (5–16) 8 (5–16) 8 (5–16) 8 (5–16)

Data presented as median (range) unless otherwise indicated

Data available for a62/63, b55/63, c38/45, d28/32, e61/63, f44/45, g31/32, h54/63, i39/45 infants

*
Significant difference between infants who did vs did not undergo NNNS (p>0.05)

**
Significant difference between infants with complete vs incomplete NNNS (p>0.05)
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