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Abstract

Perinatal hypoxic-ischemic encephalopathy (HIE) after perinatal
asphyxia is one of the most critical pathologic conditions in neonatal
medicine due to the potential for neurological sequelae in later life. The
aim of our study is to identify the factors that are associated with a higher
degree of severity in HIE and evaluate the outcomes. We performed
a retrospective study of all newborns with HIE treated at our neonatal
intensive care unit (NICU) from January 2010 to December 2013. Data
collected include information about prenatal period, peripartum period,
demographic characteristics, admission and evolution during NICU stay
and outcomes (assessed in three different times: at discharge, at 6-9 months
and 18 months). Forty seven newborns were enrolled in our study, 11
(23.4%) with mild HIE, 21 (44.7%) with moderate HIE and 15 (31.9%)
with severe HIE. Prenatal, perinatal and demographic data showed no
statistically significant differences between groups. Statistically significant
differences were found in values of Thompson score (p < 0.0001), abnormal
aEEG/EEG at admission (p = 0.025) and at 48 hours (p = 0.018), need
of mechanical ventilation (p = 0.004), acute renal failure (p = 0.002) and
length of stay (p = 0.038) with high rates in the moderate and severe HIE
groups. Regarding the outcomes, statistically significant differences were
found in the prevalence of death (p = 0.010); need of antiepileptic drugs at
discharge (p = 0.001); motor deficits requiring physiotherapy (p = 0.046),
abnormal deep tendon reflex (p = 0.006) and need of antiepileptic drugs
(p = 0.001) at 6-9 months follow-up; and cerebral palsy with cognitive
impairment at 18 months (p = 0.041) with high rates in the severe HIE
group. These results suggest that Thompson score, abnormal aEEG/EEG at
admission and at 48 hours, mechanical ventilation, acute renal failure and
length of stay are associated with more severe HIE. We also concluded that
more severe HIE reflects worse outcomes whereas mild HIE is associated
with normal outcome in the majority of patients at 18 months.
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Introduction

Perinatal hypoxic-ischemic encephalopathy
(HIE) is a syndrome of disturbed neurological
function in the earliest days of life characterized
by clinical and laboratory evidence of acute or
subacute brain injury [1].

The most frequent cause of HIE in the neonatal
period is perinatal asphyxia. All pathological
conditions that lead to prenatal, perinatal, or
postnatal hypoxia and tissue hypoperfusion are
etiologic factors of HIE [2].

Perinatal HIE is associated with high morbidity
and mortality rates worldwide, despite the
improvements in perinatal care [3].

This condition occurs in 2-6/1,000 live full-
term births, reaching larger rates in developing
countries [3,4]. Approximately, 15-20% of affected
newborns will die in the postnatal period, and an
additional 25% will develop severe and permanent
neuropsychological sequelae, including cerebral
palsy, mental retardation, learning difficulties,
visual motor or visual perceptive dysfunction and
epilepsy [5-7].

Brain injury associated with HIE involves a
complex cascade of pathophysiologic mechanisms
that occur in two energy failure phases. The
interval between primary and secondary energy
failure represents a latent phase that corresponds
to a therapeutic window [5-10]. Therefore, to
improve the care in perinatal HIE, it is necessary to
focus on the period of time following the hypoxic-
ischemic event, when the therapeutic strategies
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could be critical in the reduction of secondary
neuron damage [8, 10].

Currently, the treatment options for HIE are
largely supportive with prompt recognition and
treatment of seizures, normalization of blood
glucose levels, optimizing blood gases and blood
pressure [11]. Recently, experimental and clinical
studies have shown that treatment with prolonged
moderate hypothermia reduces cerebral injury and
thereby improves neurological outcomes [9, 12-
20]. Despite the unequivocal therapeutic benefit
of hypothermia, there is evidence that infants with
the most severe forms of HIE will maintain a poor
prognosis [17-19]. Other neuroprotective therapies
used concurrently with hypothermia or even
alternatively are then required. There are many
potential treatments under investigation including
biological mediators such as erythropoietin and
melatonin, N-acetylcysteine, allopurinol, alpha-2
agonists and xenon gas [21].

As with any condition, identifying the factors
that are associated with a high degree of severity in
HIE is the key to developing preventive strategies.

The aim of our study is to identify the factors
that are associated with a higher degree of severity
in HIE and evaluate the outcomes according to the
degree of severity of HIE.

Methods

We performed a retrospective study of all
newborns with HIE admitted at our center, a Level
IIT neonatal intensive care unit (NICU) between
January 2010 and December 2013.

The inclusion criteria were clinical diagnosis of
hypoxic-ischemic encephalopathy and gestational
age > 36 weeks.

The newborns included in this study were
divided into three different groups according to the
classification of Sarnat and Sarnat — mild, moderate
and severe [22] done at admission in our NICU.

Data was collected from medical records
and included information about individual
characteristics of the mother and prenatal period
(mother’s age, complications during pregnancy
such as diabetes mellitus, preeclampsia and
cholestasis), peripartum period (rupture of
membranes, cardiotocography tracing, acute
intrapartum events, delivery method, Apgar score
at 1** and 5" minute, reanimation and pH during
first hour of life), demographic characteristics
(sex, gestational age, birth weight, born inside/
outside of our hospital) and admission and
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evolution during NICU stay (Thompson score
[23] at admission in NICU, clinical or electric
seizures during NICU stay, antiepileptic drugs,
need of mechanical ventilation, inotropic support,
antibiotics, complications like intracranial
hemorrhage and acute renal failure — diagnosed
as an increase of serum creatinine concentration
[> 1.5 mg/dL], and/or reduction of urine output
[< 0.5 mL/kg per hour], induced hypothermia
protocol, length of stay and death). Since the
induced hypothermia protocol was introduced in
our NICU in October 2011, only newborns born
after this date underwent this treatment (if they
fulfilled eligibility criteria).

Information about aEEG/EEG (admission and
at 48 hours), cranial ultrasound (during the first 5
days of life with resistive index at admission) and
MRI (second week of life) was also collected.

The aEEG/EEG background pattern was
classified (in increasing severity) as described
previously [24]: continuous normal voltage (CNV),
discontinuous normal voltage (DNV), burst
suppression (BS), low voltage (LV), and flat trace
(FT). Seizures on aEEG were defined by an abrupt
rise in the minimum and maximum amplitude,
confirmed on raw EEG showing repetitive spikes
or sharp wave activity with duration of at least 10
seconds.

Traces with CNV background and without EEG
seizures were classified as “normal”. When EEG
seizures were present or background activity was
DNV, BS, LV, or FT the traces were classified as
“abnormal” [25].

Cranial ultrasound performed in the first days
of life was classified in: normal, general increase
in echodensity of cerebral parenchyma (edema),
increased periventricular echodensity and increased
basal ganglia and/or thalami echodensity [26]. A
color Doppler ultrasound was used to calculate
resistive index. MRI scanner (T1, T2 and diffusion-
weighted) was performed between 7% and 14" day
of life to document abnormal signal intensities
within the basal ganglia and thalami, white
matter, posterior limb of internal capsule, cortex,
brainstem, and cerebellum. MRI was classified
as: no lesions, mild lesions, moderate lesions and
severe lesions [27, 28].

The outcomes were assessed in three different
times: at discharge, at 6-9 months and 18 months.
Outcomes were evaluated by a multidisciplinary
team wusing neurodevelopmental assessment
tools and/or via medical interviews and physical
examination. At discharge, the following aspects
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were evaluated: neurological examination, need
of oxygen therapy, feeding skills and need of
antiepileptic drugs. The assessment at 6-9 months
has focused on neurological examination findings,
motor deficits requiring physiotherapy and
abnormal deep tendon reflex, need of antiepileptic
drugs, ophthalmological examination, brainstem
auditory evoked response (BAER) and presence
or absence of renal failure. At 18 months, a
formal developmental assessment was performed
using Mary Sheridan’s developmental evaluation
scale and Griffiths mental development scales
in some infants. Based on the results of these
scales the infants were divided into three groups:
cerebral palsy with cognitive impairment,
other neurodevelopmental disabilities (such as
developmental delays in language skills and in
controlling muscle movement/motor skills) and
survival without neurological abnormality.

This study was approved by our institutional
ethics committee and access to medical records
was authorized by the office designated for this
function. Data collection and statistical analysis
were performed with IBM SPSS Statistics v.21®.
Continuous variables were characterized by mean
(= standard deviation) and median (minimum-
maximum) if they had symmetric or asymmetric
distribution respectively and categorical variables
by absolute and relative frequencies. To compare
continuous variables we used parametric (One-
way ANOVA test) or non-parametric (Kruskal
Wallis test) tests if they had symmetric or
asymmetric distribution respectively, and Monte
Carlo test to compare categorical variables.
A multivariate analysis by logistic regression
(categorical variables) was performed. A p
value less than 0.05 was considered statistically
significant.

Results

From 2010 to 2013, 47 newborns with the
diagnosis of HIE and gestational age > 36 weeks
were admitted in our NICU and were enrolled
in this study. Newborns were divided into three
different groups: mild HIE (n = 11, 23.4%),
moderate HIE (n = 21, 44.7%) and severe HIE (n
=15, 31.9%). As newborns included in this study
were born between 2010 and 2013, not all reached
the minimum age for the assessment of 6-9 months
and 18 months and some were lost during follow-
up. Thus, 33/47 newborns were evaluated at 6-9
months and 18/47 at 18 months.
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The analysis of the prenatal, perinatal and
demographic data showed no statistically
significant differences between groups except
for the mode of delivery (Tables 1 and 2). In the
mild HIE group, 45.5% of deliveries were vacuum
assisted and 45.5% were C-section whereas in
the severe HIE group 73.3% were C-section (p
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= (0.041). Noteworthy that 65.5% of CTG tracing
were suspicious (Tab. 2). Almost every newborns
admitted to NICU showed an Apgar score at the
1** minute less than 6 (95.7%) and most remained
with an Apgar score less than 6 at the 5% minute in
moderate and severe HIE groups (71.4% and 80%,
respectively [Tab. 2]). The mean pH measured

Table 1. Demographic data.

Total Mild HIE Moderate HIE Severe HIE
(n=47) (n=11) (n=21) (n=15) P
Male sex, n (%) 27 (57.4) 5 (45.5) 11 (52.4) 11 (73.3) 0.363*
Gestational age (wk), mean = SD 39.36 +1.32 39.09 +1.30 39.48 +1.25 39.40 +1.50 0.616%
Birth weight (g), median (min-max) | 3,310 (1,896-4,320) | 3,300 (2,250-4,320) | 3,400 (2,360-4,020) | 3,230 (1,896-4,020) | 0.521¥
Outborn, n (%) 27 (57.4) 4 (36.4) 11 (52.4) 12 (80) 0.080*
*Monte Carlo test; SOne-way ANOVA test; *Kruskal Wallis test.
Table 2. Prenatal and perinatal data.
Total Mild HIE Moderate HIE Severe HIE
(n = 47) (n=11) (n=21) (n=15) P
Maternal age (years), median (min-max) 32 (18-42) 32 (18-40) 33 (21-42) 29 (18-41) 0.476*
Pregnancy complications, n (%)
Pre-eclampsia 1(2.1) 0 (0) 0 (0) 1(6.7)
Gestational diabetes 4 (8.5) 0 (0) 3(14.3) 1(6.7) 0.684*
Cholestasis 1(2.1) 0 (0) 1(4.8) 0 (0)
ROM > 18 h, n (%) 7 (14.9) 1(10) 6 (31.6) 0 (0) 0.051*
CTG, n (%)
Normal 6 (20.7) 3 (42.9) 2(16.7) 1(10)
Suspicious 19 (65.5) 5(57.1 8 (66.7) 7 (70) 0.620*
Pathological 4 (13.8) 0 (0) 2(16.7) 2 (20)
Acute intrapartum events, n (%)
Peripartum fever 6 (12.8) 1(9.1) 3(14.3) 2(13.3) 0.908*
Meconium staining of AF 16 (34) 2(18.2) 10 (47.6) 4 (26.7) 0.240*
Nuchal cord 8 (17) 2(18.2) 5 (23.8) 1(6.7) 0.482*
Placental abruption 6 (12.8) 2(18.2) 1(4.8) 3 (20) 0.345*
Uterine rupture 2(4.3) 0 (0) 1(4.8) 1(6.7) 0.700*
Delivery, n (%)
Vaginal 9 (19.1) 0(0) 7 (33.3) 2(13.3)
Vacuum assisted 14 (29.8) 5 (45.5) 7 (33.3) 2(13.3) 0.041*
Forceps assisted 1(2.1) 1(9.1) 0(0) 0 (0)
C-section 23 (48.9) 5 (45.5) 7 (33.3) 11 (73.3)
Apgar score 1t min, n (%)
0-6 45 (95.7) 11 (100) 19 (90.5) 15 (100) 0.495*
7-10 2(4.3) 0(0) 2(9.5) 0 (0)
Apgar score 5" min, n (%)
0-6 33 (70.2) 6 (54.5) 15 (71.4) 12 (80) 0.387*
7-10 14 (29.8) 5 (45.5) 6 (28.6) 3 (20)
pH — 1%t hour, mean + SD 6.94 £0.15 6.95+0.15 6.99 £0.12 6.88 £0.17 0.1328
Reanimation
PPV 41 (89.1) 9 (81.8) 18 (90) 14 (93.3) 0.706*
ETI 32 (69.6) 5 (45.5) 15 (75) 12 (80) 0.163*
Chest compressions 8 (17.4) 2(18.2) 2 (10) 4 (26.7) 0.477*
Drugs 6 (13) 1(9.1) 1(5) 4(26.7) 0.213*

ROM: rupture of membranes; CTG: cardiotocography; AF: amniotic fluid; PPV: positive pressure ventilation; ETI: endotracheal

intubation.

*Monte Carlo test; $One-way ANOVA test; *Kruskal Wallis test.
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during the 1* hour of life was less than 7 in all
groups with no significant differences between
them as well the type of reanimation techniques
required (Tab. 2).

During the study period, 70.2% of the newborns
underwent induced hypothermia protocol in the
NICU (Tab. 3).

Thompson score on admission was evaluated
in 34 newborns. The median for Thompson score
was 4 for the mild HIE group, 8 for the moderate
HIE group and 13.5 for the severe HIE group (p <
0.0001) (Tab. 3).

Statistically significant differences were found
in both the aEEG/EEG on admission and at 48
hours (Tab. 3). At admission aEEG/EEG was
abnormal in 73.3% of the newborns in the moderate
HIE group and in 66.7% in the severe HIE group
(p = 0.025), at 48 hours aEEG/EEG was abnormal
mainly in severe HIE group (70%, p = 0.018). When
adjusted for induced hypothermia therapeutics, the

Table 3. Admission and evolution in NICU.
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newborns with severe HIE have a higher probability
of exhibiting an abnormal aEEG/EEG at 48 hours
(OR = 14, p = 0.01). The presence of clinical or
electrical seizures during NICU stay was higher in
moderate and severe HIE groups (66.7% and 53.3%,
respectively; p = n.s.) (Tab. 3).

Cranial ultrasound performed in the first days of
life revealed high intragroup variability concerning
the different findings such as edema, increased
echodensity of periventricular zone, thalamus and/
or basal ganglia; no statistical differences were
found. Nevertheless, in the severe HIE group all
newborns had an abnormal cranial ultrasound
(Tab. 3). The median of resistive index was similar
between groups (Tab. 3). The MRI findings showed
a high variability between groups. In severe HIE
group, 75% of newborns had some kind of lesion
on MRI, and severe lesions were mainly found in
these newborns (Tab. 3). The prevalence of acute
renal failure during the NICU stay was 46.7%

Total Mild HIE Moderate HIE | Severe HIE
(n=47) (n=11) (n=21) (n=15) P

Thompson score, median (min-max) 9 (2-16)? 4 (2-15)° 8 (4-13)° 13.5 (10-16)¢ |<0.0001*
aEEG/EEG abnormal — admission, n (%) 23 (69.7) 2 (28.6) 11 (73.3) 10 (66.7) 0.025*
aEEG/EEG abnormal — 48 h, n (%) 10 (33.3) 1(16.7) 2(14.3) 7 (70) 0.018*
Seizures, n (%) 25 (53.2) 3(27.3) 14 (66.7) 8 (53.3) 0.102*
Antiepileptic drugs, n (%) 24 (51.1) 3(27.3) 13 (61.9) 8 (53.3) 0.186*
Cranial ultrasound, n (%)

Normal 7(17.1) 4 (36.4) 3(16.7) 0(0)

Edema 16 (39) 2(18.2) 8 (44.4) 6 (50) 0.069*

Increased echodensity of periventricular zone 7(17.4) 4 (36.4) 2(11.1) 1(8.3)

Increased echodensity of thalamus and/or basal ganglia 11 (26.8) 1(9.1) 5(27.8) 5(41.7)
Resistive index, median (min-max) 0.65 (0.40-0.80)|0.62 (0.56-0.79) |0.66 (0.52-0.80)|0.66 (0.40-0.80)| 0.992*
MRI, n (%)

Normal 16 (44) 2 (40) 11 (57.9) 3 (25)

Mild lesions 7 (19.4) 1 (20) 4(21.1) 2(16.7) 0.377*

Moderate lesions 7 (19.4) 1(20) 3(15.8) 3 (25)

Severe lesions 6 (16.7) 1(20) 1(5.3) 4 (33.3)
MV, n (%) 35 (74.5) 4 (36.49) 17 (81) 14 (93.3) 0.004*
TPN, n (%) 38(80.9) 8(72.7) 18 (85.7) 12 (80) 0.648*
Inotropic support, n (%) 18 (38.3) 2(18.2) 7 (33.3) 9 (60) 0.090*
Antibiotics, n (%) 46 (97.8) 10 (90.9) 21 (100) 15 (100) 0.228*
Induced hypothermia, n (%) 33 (70.2) 3 (27.3) 17 (81) 13 (86.7) 0.003*
Sepsis, n (%) 3(6.4) 0(0) 2(9.5) 1(6.7) 0.742*
Intracranial hemorrhage, n (%) 4 (8.5) 0 (0) 3 (14.3) 1(6.7) 0.542*
Acute renal failure, n (%) 8 (17) 0 (0) 1(4.8) 7 (46.7) 0.002¢
Length of stay, median (min-max) 9 (1-39) 5(1-12) 10 (3-26) 9 (1-39) 0.038*
Death, n (%) 4 (8.5) 0 (0) 0 (0) 4 (26.7) 0.010*
MRI: magnetic resonance imaging; MV: mechanical ventilation; TPN: total parental nutrition.
in=34;°n=10;°n=12;9n =12.
*Monte Carlo test; ¥Kruskal Wallis test.
Perinatal hypoxic-ischemic encephalopathy 5/9
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in the severe HIE group vs 4.8% in the moderate
HIE group (p = 0.002) (Tab. 3). When adjusted
for induced hypothermia therapeutics, the chance
of acute renal failure occurrence during NICU stay
in severe HIE group was higher (OR = 17.33, p =
0.013). Statistical differences were also found in the
need of mechanical ventilation and length of stay
with higher rates in moderate and severe HIE groups
(p = 0.004 and p = 0.002, respectively) (Tab. 3).

The prevalence of death was 26.7% in the severe
HIE group vs 0% in mild and moderate HIE groups
(p = 0.010) (Tab. 3). The other variables studied
during evolution in NICU are summarized in Tab. 3.

In the short-term outcome (discharge), there
were statistically significant differences between
groups for the need of antiepileptic drugs and
45.5% of the newborns in the severe HIE group
were discharged treated with antiepileptic drugs
(p = 0.001). There were no statistically significant
differences between groups for the other outcomes
at discharge (Tab. 4 — section discharge).

During the follow-up assessment at 6-9
months, differences were found between groups
for motor deficits requiring physiotherapy (p =
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0.046), abnormal deep tendon reflex (p = 0.006)
and need of antiepileptic drugs (p = 0.001) (Tab. 4
- section 6-9 months). When adjusted for induced
hypothermia therapeutics, the severe HIE group
have a higher probability of having motor deficits
requiring physiotherapy at 6-9 months (OR =
14.34, p = 0.027).

Regarding the outcomes assessed at 18 months,
cerebral palsy with cognitive impairment was
present only in the severe HIE group (50%,
p = 0.041) (Tab. 4 - section 18 months).
The prevalence of other neurodevelopmental
disabilities in mild HIE group was 14.3% and
in moderate HIE group was 47.3% (p = 0.381)
(Tab. 4 - section 18 months). Most of infants
in mild HIE group survived without neurological
abnormalities (85.7%), although there were no
significant differences between groups for this
outcome (Tab. 4 — section 18 months).

Discussion

Several risk factors have been associated
with HIE such as: old maternal age, severe pre-

Table 4. Outcomes assessed at discharge, at 6-9 months and at 18 months.

DISCHARGE
Total Mild HIE Moderate HIE Severe HIE
(n=43) (n=11) (n=21) (n=11) P
Abnormal neurological examination, n (%) 10 (23.3) 1(9.1) 4 (19.0) 5 (45.5) 0.159*
Oxygen need, n (%) 1(2.1) 0(0) 1(4.8) 0 (0) 0.870*
Without feeding skills, n (%) 10 (23.3) 2(18.2) 3(14.3) 5 (45.5) 0.193*
Antiepileptic drugs, n (%) 6 (14) 1(9.1) 0 (0) 5 (45.5) 0.001*
6-9 MONTHS
Total Mild HIE Moderate HIE Severe HIE
(n=33) (n=9) (n=17) (n=7) P
Motor deficits requiring physiotherapy, n (%) 14 (42.5) 3(33.3) 5(29.4) 6 (85.7) 0.046*
Abnormal deep tendon reflex, n (%) 3(10) 0 (0) 0 (0) 3 (50) 0.006*
Seizures, n (%) 3(9.1) 1(11.1) 0 (0) 2 (28.7) 0.058*
Antiepileptic drugs, n (%) 5(15.2) 1(11.1) 0 (0) 4 (57.1) 0.001*
Abnormal BAER, n (%) 2(10.5) 1(16.7) 1(11) 0 (0) 0.417*
Abnormal ophthalmological examination, n (%) 1(5.3) 0 (0) 0 (0) 1 (50) 0.108*
Renal failure, n (%) 1(6.3) 0(0) 1(5.6) 1(14.3) 0.440*
18 MONTHS
Total Mild HIE Moderate HIE Severe HIE
(n=18) (n=7) (n=7) (n=4) P
Cerebral palsy with cognitive impairment, n (%) 2(11.1) 0(0) 0(0) 2 (50) 0.041*
Other neurodevelopmental disabilities, n (%) 4 (22.2) 1(14.3) 3 (42.9) 0 (0) 0.381*
Survival without neurological abnormality, (%) 12 (66.7) 6 (85.7) 4 (57.1) 2 (50) 0.539*

BAER: brainstem auditory evoked response.
*Monte Carlo test.
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eclampsia, peripartum fever, acute intrapartum
event, meconium staining of amniotic fluid, non-
spontaneous vaginal modes of delivery and male sex
[29-33]. A recent study showed intrapartum period
as the necessary factor in the development of this
condition [34]. Indeed, most of these risk factors
were found in our study population. However,
the aim of our study was to determine the factors
associated with the severity of HIE.

Our data showed statistically significant
differences in the mode of delivery between the
groups. In the mild HIE group most deliveries were
C-section or vacuum assisted and in the severe HIE
group most were C-section, whereas in the moderate
HIE group one third were vaginal deliveries. The
final mode of delivery is determined by the delivery
plan and response to intrapartum events. Although
there is a significant difference between the groups
regarding the type of delivery, this doesn’t mean
that a particular type of delivery is associated with
more severe HIE. In our study, prenatal, perinatal
and demographic data showed no differences
between groups (except mode of delivery as
mentioned previously), which demonstrated that all
these variables are not associated with more severe
HIE. Regardless of the severity of HIE, Apgar
scores at 1% and 5™ minutes are similar between the
groups as well as the pH in the 1* hour of life and
reanimation techniques required during the first
minutes of life. The severity was associated with
abnormalities found on neurological examination,
demonstrated by values of the Thompson score
progressively higher as the severity increases (mild
group: 4, moderate group: 8, severe group: 13.5;
p < 0.0001). This could be explained based on the
fact that Thompson score contains many of the
features included in the three stages of Sarnat and
Sarnat [23].

In term infants, aEEG/EEG is a good method for
evaluating cerebral function and cerebral recovery
after hypoxic-ischemic event such as perinatal
asphyxia [35]. In our study, abnormal aEEG/
EEG at admission was mainly found in moderate
and severe HIE groups and at 48 hours most of
newborns with moderate HIE had a normal aEEG/
EEG. This possibly means that these newborns
had a cerebral recovery during the first 48 hours
of life. On the other hand, newborns with severe
HIE remained with an abnormal aEEG/EEG at 48
hours of life.

Other factor associated with severe HIE, in
this study, was acute renal failure. In fact, several
studies have shown that severity of renal function
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abnormality correlates well with degree of asphyxia
[36, 37]. The need of mechanical ventilation and
longer length of stay were also associated with
more severe HIE.

A recent systematic review shows that
alterations on MRI performed at the end of the first
week or the beginning of the second week of life
are evident in 75-100% of patients with HIE [28].
However, in our study, severe lesions were mainly
found in the newborns with severe HIE (and most
of these newborns had alterations on MRI [75%]).

Regarding outcomes, adverse outcomes are
particularly associated with the severe HIE group
and this association remains when adjusted for
induced hypothermia. All deaths in our study
occurred during NICU stay and all in the severe
HIE group. Cerebral palsy with cognitive
impairment at 18 months was also found only in
the severe HIE group. At 18 months, 47.3% of
infants in moderate HIE group had some degree of
neurodevelopmental disability but none developed
cerebral palsy with cognitive impairment, in mild
HIE group almost all infants survived without
neurological abnormalities. Our results are similar
to those found in the literature, i.e. more severe
HIE reflects worse outcomes and mild HIE is
associated with normal outcome in the majority
of patients at 18 months [38]. The short follow-
up period is a limitation of this and many other
studies of outcomes after HIE. There is emerging
evidence that confirms a high prevalence of
subtle impairment in children who escape severe
disabling conditions after HIE, which only becomes
apparent at school age [39]. There is a need for
longer-term follow up of infants in order to collect
more accurate information on more minor degrees
of neurological dysfunction.

HIE continues to be a significant source of
morbidity and mortality among newborn infants,
and the effects of this injury are broad. Currently,
induced hypothermia is the standard of care in HIE.
Nevertheless, an adjunctive therapy or therapies
to use along with hypothermia are an immensely
attractive area of study and could potentially
benefit infants.

The major limitation of our study consists in
its design. As it is a retrospective study, it mainly
relies on information from medical records, with
possible inaccuracies and loss of data. Another
limitation is related to the fact that not all newborns
were evaluated at 6-9 months and at 18 months
because not all reached the minimum age for the
assessment and some were lost during follow-up.
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Conclusion

In this study, none of prenatal, perinatal and
demographic data showed association with severe
HIE. The severity of HIE was determined mainly by
abnormalities found on neurological examination,
demonstrated by values of the Thompson score
progressively higher as the severity increases.
Abnormal aEEG/EEG at admission and at 48 hours,
acute renal failure, need of mechanical ventilation
and longer length of stay were also associated with
more severe HIE.

Regarding outcomes, our results are similar
to those found in the literature, i.e. more severe
HIE reflects worse outcomes whereas mild HIE is
associated with normal outcome in the majority of
patients at 18 months.

Declaration of interest
The Authors declare that there is no conflict of interest.
References

1. de Vries LS, Jongmans MJ. Long-term outcome after neonatal
hypoxic-ischaemic encephalopathy. Arch Dis Child Fetal
Neonatal Ed. 2010;95(3):F220-4.

2. Procianoy RS, Silveira RC. [Hypoxic-ischemic syndrome].
[Article in Portuguese]. J Pediatr (Rio J). 2001;77(Suppl
1):S63-70.

3. Herrera-Marschitz M, Morales P, Leyton L, Bustamante D,
Klawitter V, Espina-Marchant P, Allende C, Lisboa F, Cunich
G, Jara-Cavieres A, Neira T, Gutierrez-Hernandez MA,
Gonzalez-Lira V, Simola N, Schmitt A, Morelli M, Andrew
Tasker R, Gebicke-Haerter PJ. Perinatal asphyxia: current
status and approaches towards neuroprotective strategies,
with focus on sentinel proteins. Neurotox Res. 2011;19(4):
603-27.

4. Kurinczuk JJ, White-Koning M, Badawi N. Epidemiology
of neonatal encephalopathy and
encephalopathy. Early Hum Dev. 2010;86(6):329-38.

5.  Wachtel EV, Hendricks-Mufioz KD. Current management of

hypoxic-ischaemic

the infant who presents with neonatal encephalopathy. Curr
Probl Pediatr Adolesc Health Care. 2011;41(5):132-53.

6. Shankaran S. Neonatal encephalopathy: treatment with
hypothermia. J Neurotrauma. 2009;26(3):437-43.

7. Lai MC, Yang SN. Perinatal hypoxic-ischemic encephalopathy.
J Biomed Biotechnol. 2011;2011:609813.

8. Solevag AL, Nakstad B. Neuroprotective treatment for perinatal
asphyxia. Tidsskr Nor Laegeforen. 2012;132(21):2396-9.

9. Fatemi A, Wilson MA, Johnston MV. Hypoxic-ischemic

Perinatol.

encephalopathy in the term infant. Clin

2009;36(4):835-58, vii.

8/9

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

Journal of Pediatric and Neonatal Individualized Medicine < vol. 3 - n. 2 - 2014

Cerio F, Lara-Celador I, Alvarez A, Hilario E. Neuroprotective
therapies after perinatal hypoxic-ischemic brain injury. Brain
Sci. 2013;3(1):191-214.

Scafidi J, Gallo V. New concepts in perinatal hypoxia ischemia
encephalopathy. Curr Neurol Neurosci Rep. 2008;8(2):130-8.
Sirimanne ES, Blumberg RM, Bossano D, Gunning M, Edwards
AD, Gluckman PD, Williams CE. The effect of prolonged
modification of cerebral temperature on outcome after hypoxic-
ischemic brain injury in the infant rat. Pediatr Res. 1996;39(4 Pt
1):591-7.

Amess PN, Penrice J, Cady EB, Lorek A, Wylezinska M, Cooper
CE, D’Souza P, Tyszczuk L, Thoresen M, Edwards AD, Wyatt JS,
Reynolds EO. Mild hypothermia after severe transient hypoxia-
ischemia reduces the delayed rise in cerebral lactate in the
newborn piglet. Pediatr Res. 1997;41(6):803-8.

Bona E, Hagberg H, Loberg EM, Bagenholm R, Thoresen
M. Protective effects of moderate hypothermia after neonatal
hypoxia-ischemia: short- and long-term outcome. Pediatr Res.
1998;43(6):738-45.

Thoresen M, Penrice J, Lorek A, Cady EB, Wylezinska M,
Kirkbride V, Cooper CE, Brown GC, Edwards AD, Wyatt JS,
Reynolds EOR. Mild hypothermia after severe transient hypoxia-
ischemia ameliorates delayed cerebral energy failure in the
newborn piglet. Pediatr Res. 1995;37(5):667-70.

Edwards AD, Yue X, Squier MV, Thoresen M, Cady EB,
Penrice J, Cooper CE, Wyatt JS, Reynolds EO, Mehmet H.
Specific inhibition of apoptosis after cerebral hypoxia-ischaemia
by moderate post-insult hypothermia. Biochem Biophys Res
Commun. 1995;217(3):1193-9.

Azzopardi DV, Strohm B, Edwards AD, Dyet L, Halliday HL,
Juszczak E, Kapellou O, Levene M, Marlow N, Porter E, Thoresen
M, Whitelaw A, Brocklehurst P; TOBY Study Group. Moderate
hypothermia to treat perinatal asphyxial encephalopathy. N Engl J
Med. 2009;361(14):1349-58.

Gluckman PD, Wyatt JS, Azzopardi D, Ballard R, Edwards AD,
Ferriero DM, Polin RA, Robertson CM, Thoresen M, Whitelaw A,
Gunn AJ. Selective head cooling with mild systemic hypothermia
after neonatal encephalopathy: multicentre randomised trial.
Lancet. 2005;365(9460):663-70.

Shankaran S, Laptook AR, Ehrenkranz RA, Tyson JE, McDonald
SA, Donovan EF, Fanaroff AA, Poole WK, Wright LL, Higgins
RD, Finer NN, Carlo WA, Duara S, Oh W, Cotten CM, Stevenson
DK, Stoll BJ, Lemons JA, Guillet R, Jobe AH; National Institute
of Child Health and Human Development Neonatal Research
Network. Whole-body hypothermia for neonates with hypoxic-
ischemic encephalopathy. N Engl J Med. 2005;353(15):1574-84.
Shankaran S, Pappas A, McDonald SA, Vohr BR, Hintz SR,
Yolton K, Gustafson KE, Leach TM, Green C, Bara R, Petrie
Huitema CM, Ehrenkranz RA, Tyson JE, Das A, Hammond J,
Peralta-Carcelen M, Evans PW, Heyne RJ, Wilson-Costello
DE, Vaucher YE, Bauer CR, Dusick AM, Adams-Chapman
I, Goldstein RF, Guillet R, Papile LA, Higgins RD; Eunice
Kennedy Shriver NICHD Neonatal Research Network. Childhood

Teixeira - Soares * Flor-de-Lima - Vilan - Guimaraes



Journal of Pediatric and Neonatal Individualized Medicine < vol. 3 - n. 2 - 2014

21.

22.

23.

24.

25.

26.

217.

28.

29.

outcomes after hypothermia for neonatal encephalopathy. N Engl
J Med. 2012;366(22):2085-92.

Kelen D, Robertson NJ. Experimental treatments for hypoxic
ischaemic encephalopathy. Early Hum Dev. 2010;86(6):369-77.
Sarnat HB, Sarnat MS. Neonatal encephalopathy following fetal
distress. A clinical and electroencephalographic study. Arch
Neurol. 1976;33(10):696-705.

Thompson CM, Puterman AS, Linley LL, Hann FM, van der
Elst CW, Molteno CD, Malan AF. The value of a scoring
system for hypoxic ischaemic encephalopathy in predicting
neurodevelopmental outcome. Acta Paediatr. 1997;86(7):757-61.
Toet MC, Hellstrom-Westas L, Groenendaal F, Eken P, de Vries
LS. Amplitude integrated EEG 3 and 6 hours after birth in full
term neonates with hypoxic-ischaemic encephalopathy. Arch Dis
Child Fetal Neonatal Ed. 1999;81(1):F19-23.

Horn AR, Swingler GH, Myer L, Linley LL, Raban MS, Joolay Y,
Harrison MC, Chandrasekaran M, Rhoda NR, Robertson NJ. Early
clinical signs in neonates with hypoxic ischemic encephalopathy
predict an abnormal amplitude-integrated electroencephalogram
at age 6 hours. BMC Pediatr. 2013;13:52.

Boo NY, Chandran V, Zulfigar MA, Zamratol SM, Nyein
MK, Haliza MS, Lye MS. Early cranial ultrasound changes as
predictors of outcome during first year of life in term infants with
perinatal asphyxia. J Paediatr Child Health. 2000;36(4):363-9.
Martinez-Biarge M, Diez-Sebastian J, Kapellou O, Gindner
D, Allsop JM, Rutherford MA, Cowan FM. Predicting motor
outcome and death in term hypoxic-ischemic encephalopathy.
Neurology. 2011;76(24):2055-61.

Kudrevic¢iené A, LukoSevicius S, Laurynaitien¢ J, Marmiené
V, Tamelien¢ R, Basevicius A. Ultrasonography and magnetic
resonance imaging of the brain in hypoxic full-term newborns.
Medicina (Kaunas). 2013;49(1):42-9.

Badawi N, Kurinczuk JJ, Keogh JM, Alessandri LM, O’Sullivan
F, Burton PR, Pemberton PJ, Stanley FJ. Antepartum risk factors
for newborn encephalopathy: the Western Australian case-control
study. BMJ. 1998;317(7172):1549-53.

Perinatal hypoxic-ischemic encephalopathy

32.

33.

35.

36.

37.

38.

39.

www.jpnim.com Open Access

Badawi N, Kurinczuk JJ, Keogh JM, Alessandri LM, O’ Sullivan
F, Burton PR, Pemberton PJ, Stanley FJ. Intrapartum risk
factors for newborn encephalopathy: the Western Australian
case-control study. BMJ. 1998;317(7172):1554-8.

Ellis M, Manandhar N, Manandhar DS, Costello AM. Risk
factors for neonatal encephalopathy in Kathmandu, Nepal,
a developing country: unmatched case-control study. BMIJ.
2000;320(7244):1229-36.

Futrakul S, Praisuwanna P, Thaitumyanon P. Risk factors for
hypoxic-ischemic encephalopathy in asphyxiated newborn
infants. J Med Assoc Thai. 2006;89(3):322-8.

Milsom I, Ladfors L, Thiringer K, Niklasson A, Odeback
A, Thornberg E. Influence of maternal, obstetric and fetal
risk factors on the prevalence of birth asphyxia at term in
a Swedish urban population. Acta Obstet Gynecol Scand.
2002;81(10):909-17.

Martinez-Biarge M, Diez-Sebastian J, Wusthoff CJ, Mercuri
E, Cowan FM. Antepartum and intrapartum factors preceding
neonatal  hypoxic-ischemic Pediatrics.
2013;132(4):€952-9.

Hellstrom-Westas L, Rosén 1. Continuous brain-function

encephalopathy.

monitoring: state of the art in clinical practice. Semin Fetal
Neonatal Med. 2006;11(6):503-11.

Gupta BD, Sharma P, Bagla J, Parakh M, Soni JP. Renal
failure in asphyxiated neonates. Indian Pediatr. 2005;42(9):
928-34.

Shevell MI, Majnemer A, Miller SP. Neonatal neurologic
prognostication:
Neurol. 1999;21(5):776-84.
ME, Majnemer A,

the asphyxiated term newborn. Pediatr

Dilenge Shevell MI. Long-term
developmental outcome of asphyxiated term neonates. J Child
Neurol. 2001;16(11):781-92.

Marlow N, Rose AS, Rands CE, Draper ES. Neuropsychological
and educational problems at school age associated with
neonatal encephalopathy. Arch Dis Child Fetal Neonatal Ed.

2005;90(5):F380-7.

9/9



	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Declaration of interest
	References
	Table 1
	Table 2
	Table 3
	Table 4

