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ABSTRACT

Purpose: This study aimed to identify the early predictors of neurodevelopmental
outcomes in infants undergoing therapeutic hypothermia for neonatal hypoxic is-
chemic encephalopathy.

Methods: The medical records of 24 neonates who underwent hypothermia therapy
for hypoxic ischemic encephalopathy at the neonatal intensive care unit of Yeouido
St. Mary's Hospital of the Catholic University of Korea between August 2013 and May
2016 were reviewed. Patients were divided into two groups according to their neuro-
logical outcome at the age of 18 to 24 months: a normal group (n=14), which included
patients with normal neurological function, and an abnormal group (n=10), which
included patients with neurological deficits. The clinical characteristics, clinical out-
comes, and laboratory findings before and after hypothermia treatment were com-
pared between the groups.

Results: There were no significant differences in the demographic characteristics
between the two groups. With regard to clinical outcomes, only brain magnetic re-
sonance imaging (MRI) findings showed significant differences between the normal
and abnormal groups (21.4% vs. 100.0%, P<0.001). With regard to laboratory findings,
there were significant differences in the white blood cell (WBC) count after hypo-
thermia treatment between the normal and abnormal groups (9.78+3.52 vs. 14.90+
3.48, P=0.003). However, logistic regression analysis showed that the WBC count was
not an independent risk factor for abnormal neurodevelopment ( P>0.05).
Conclusion: The presence of abnormal lesions on MRI was the most useful predictor
of poor neurodevelopmental outcome in infants treated with therapeutic hypother-
mia after perinatal asphyxia.

Key Words: Newborn; Hypoxia-ischemia, brain; Hypothermia treatment ; Magnetic
resonance imaging; Treatment outcome; Risk factors
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Table 1. Clinical Characteristics of Neonates Who Showed
Normal vs. Abnormal Development

Variable Normal Abnormal P-
(n=14) (n=10) value
GA (wk) 39.3+1.5 39.4+1.3 0.923
Birth weight (g) 3,180+220. 3,180+510 0.984
Male sex 11(78.6) 6(60.0)  0.393
Delivery place Inborn 7 (50.0) 3(30.0) 0.421
Mode of delivery vaginal 7 (50.0) 4(40.0) 0.095
Maternal age (yr) 30.10+3.35  34.14+4.06  0.057
Presence of sentinel event, yes 9(64.3) 5(50.0) 0.678
Sarnat staging 0.240
Stage 2 12(85.7) 8(80.0)
Stage 3 2(14.3) 2(20.0)
Postnatal age at initiation (hr) 4.1+1.5 3.442.0  0.345
Intrauterine growth retardation 1(7.14) 3(30.0) 0.253
Meconium staining 8(57.14) 2(20.0) 0.197
Surfactant use, yes 8(57.1) 4(40.0) 0.680

Values are expressed as meantstandard deviation or number (%).
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Table 2. Clinical Outcomes of the Normal vs. Abnormal Groups

Variable Normal Abnormal P-
(n=14) (n=10) value
MBP (lowest, during hypothermia) ~ 37.1+7.0  39.0¢6.0  0.490

HR (lowest, during hypothermia) 81.1+14.0 77.6£10.0 0.491

Dopamine infusion, yes 9(64.3) 6(60.0)  1.000
Steroid therapy, yes 4(28.6) 4(40.0) 0.657
Neonatal seizure, yes 7(50.0) 5(50.0)  1.000
Pneumothorax, yes 4(28.6) 2(20.0) 0.631

1(7.1) 0 1.000
2(143)  2(200) 0578
3(214)  5(50) 0.078

Pulmonary hemorrhage, yes
Pulmonary hypertension, yes
Abnormal EEG

Brain MRI abnormal lesion 3(21.4) 10(100) 0.000
Length of mechanical ventilation (d)  10.4+6.8 7.4+3.8  0.178
Length of hospital stay (d) 244493  19.745.6  0.140

Values are expressed as meanztstandard deviation or number (%).
Abbreviations: MBP, mean arterial blood pressure; HR, heart rate; EEG,
electroencephalography; MRI, magnetic resonance imaging.
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Table 3. Laboratory Data of the Normal vs. Abnormal Groups
Before treatment After treatment

Variable

Normal (n=14) Abnormal (n=10) P-value Normal (n=14) Abnormal (n=10) P-value
Postnatal age (hr) 2.4+1.7 3.1+2.1 0.405 108.0+£30.9 130.6+40.0 0.140
pH 7.27+0.14 7.32+0.12 0.416 7.37+£0.05 7.44+0.11 0.134
HCOs (mmol/L) 14.2+4.6 12.8+4.8 0.500 19.2+4.5 18.93+3.86 0.904
Base deficit (mmol/L) 11.5+5.1 11.7+5.8 0.918 5.3£3.8 4.1+2.8 0.427
Glucose (mg/dL) 103.4+54.5 126.6+67.8 0.375 149.5+104.7 143.8£109.4 0.901
Creatinine (mg/dL) 0.85+0.19 0.89+0.13 0.537 0.52+0.17 0.62+0.37 0.469
Calcium (mg/dL) 9.24+0.78 9.28+0.62 0.911 9.36+0.82 8.96+0.71 0.242
AST (U/L) 53.9+23.3 216.0+£302.8 0.147 47.9+£27.4 82.9+63.6 0.150
ALT (U/L) 14.6+4.8 59.4+101.7 0.223 19.1£14.9 56.0+100.9 0.306
LDH (IU/L) 1,083.1£573.1 2,303.2+2,307.2 0.156 1,237.8+584.6 2,014.8+1,520.2 0.175
CPK (U/L) 1,140.2+41,232.5 2,503.7+3,636.4 0.221 544.6+356.9 667.8+725.1 0.591
CRP (mg/L) 0.59+0.98 2.66+4.74 0.231 24.87+32.65 8.29+4.85 0.148
WBC (103/ L) 13.62+59.88 23.81+78.95 0.082 9.55+3.41 14.22+4.32 0.009
Hematocrits (%) 47.25+£10.12 50.54+2.74 0.354 40.81+4.85 40.16+5.42 0.767
Platelet (109/ L) 237.21+76.13 232.78+53.47 0.881 112.71+54.86 133.22+37.77 0.339
PT (sec) 15.53+£2.922 17.43+4.86 0.251 - - -
aPTT (sec) 54.49+14.96 58.10+18.50 0.612 - - -

Values are expressed as meantstandard deviation.

Abbreviations: HCOs, bicarbonate; AST, aspartate transaminase; ALT, alanine transaminase; LDH, lactate dehydrogenase; CPK, creatine phospho-
kinase; CRP, C-reactive protein; WBC, white blood cell; PT, partial thromboplastin time; aPTT, activated partial thromboplastin time.

Table 4. Cerebral Lesions Revealed by Magnetic Resonance
Imaging

Normal (n=14) Abnormal (n=10)

Parenchymal lesion 2 7
BGT 0 2
WM 2 5

Hemorrhage 1 10
Subdural hematoma 1 5
Scattered white matter 0 3
Intraventricular 0 2

Parenchymal lesion only 2 0

Hemorrhagic lesion only 1 3

Cerebral magnetic resonance imaging in the second week revealed
that all 10 infants (100%) in the abnormal group had abnormal lesions,
whereas 11 of 14 infants (78.6%) in the normal group had normal le-
sions (P<0.001). In the normal group, three infants had abnormal lesions
(two WM, one subdural). In the abnormal group, lesions in BGT were
detected in two infants (20%) and in WM, in five infants (50%). In the
abnormal group, hemorrhagic regions were observed in 10 of 10 infants,
whereas subdural hematoma was observed in five infants (50%),
scattered white matter hemorrhage was observed in three infants, and
intraventricular hemorrhage was observed in two infants. Three infants
in the abnormal group showed only hemorrhagic lesions.
Abbreviations: BGT, basal ganglia and thalamus; WM, white matter.
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