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Abstract

Neonatal encephalopathy (NE) is a condition of neurologic dysfunction 
with heterogeneous severity. The terms hypoxic-ischemic encephalopathy 
(HIE) and NE are often used interchangeably, although the differential 
diagnosis is vast. We aimed to evaluate the etiologies behind NE in 
newborns (NB) treated with therapeutic hypothermia (TH) for a presumed 
diagnosis of HIE.

A retrospective analysis between January 2012 and July 2020 was 
conducted. Demographic data, information regarding pre- and perinatal 
factors, systemic dysfunction parameters, neuroimaging and neurologic 
sequelae were collected. A comparative analysis between the group 
considered with hypoxic-ischemic versus non-hypoxic-ischemic NE was 
performed. 

Forty-six NB were included. HIE was confirmed in 29 (63.0%) patients 
(group 1). There was no evidence of perinatal asphyxia in 17 (37.0%) patients 
(group 2). In the latter group, intracranial hemorrhage was the most frequent 
etiology (7; 15.2%), followed by infection (5; 10.9%). In group 1, there was a 
higher prevalence of emergency cesarean section (p = 0.013), clinical seizures 
at admission (p = 0.048) and a higher encephalopathy severity (p = 0.027). 
In this group, amplitude-integrated electroencephalogram improvement at 48 
hours of TH was less frequent (p = 0.027) and major neurologic sequelae 
were more prevalent at 12 (p = 0.006) and 24 months (p = 0.041). 

Original article
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HIE was the main cause of NE. Despite the 
clinical overlap, clinicians should recognize other 
etiologic factors beyond anoxic events. Our findings 
might help to prospectively differentiate between 
HIE and NE from different etiologies early after 
birth, ideally prior to initiation of TH, in the future.
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Introduction

Neonatal encephalopathy (NE) is a heteroge-
nous condition of neurologic dysfunction oc-
curring in the first days of life, with an estimated 
incidence of 2 to 6 per 1,000 live births [1, 2]. 
The clinical manifestations range from mild 
irritability and feeding difficulties to altered level 
of consciousness, tone and reflexes, seizures, 
respiratory insufficiency and multiorgan failure 
[3]. NE can be reversible or indicative of permanent 
cerebral dysfunction and is a major predictor of 
death and long-term disability [1]. 

The terminology NE is not specific to the 
underlying condition. The etiology is variable and 
clinical overlap may occur [3]. NE that is caused 
by an intrapartum event leading to perinatal 
asphyxia has historically been called hypoxic-
ischemic encephalopathy (HIE) [1]. Other causes 
include vascular, infectious, toxic-related, genetic/ 
congenital, metabolic and epileptic conditions. 
However, the etiology remains unexplained in 
approximately half of the cases [1, 3, 4]. HIE is the 
most common cause, accounting for 15% to 35% of 
cases and occurring in approximately 1.5 per 1,000 
term births [2, 4-6].

Evaluation should be tailored based on the 
clinical scenario, but it includes laboratory workup, 
neuroimaging and neurophysiologic monitoring 
to help determine both etiology and prognosis 
[3]. Brain monitoring using continuous video-
electroencephalogram (EEG) or, if not available, 
amplitude-integrated EEG (aEEG) is important 
to evaluate electrocortical activity as well as the 
presence of seizures, since clinical evaluation alone 
is unreliable [7]. Magnetic resonance imaging 
(MRI) is the imaging modality of choice [1, 8]. A 
distinctive pattern of injury can be seen for HIE 
compared to other causes of NE, but there are no 
specific alterations and it is crucial to consider the 
timing of image acquisition relative to the presumed 
injury [3]. The pattern of injury in HIE depends 
on the severity, duration, and repetitiveness of the 
hypoxia-ischemia and can lead to basal ganglia, 
thalami, brain stem, and/or cerebral white matter 
involvement in different combinations [9]. An MRI 
performed between 24 and 96 hours of life provides 
the most useful guide on the potential timing of 
a cerebral insult, but cerebral abnormalities will 
become most evident after 7 days from a cerebral 
injury. Ideally, 2 MRI scans should be performed: 
the first on day 2 to 4 of life to assist in clinical 
management and evaluation of the timing of cerebral 
injury, and a second on day 10 or later to assist with 
full delineation of the nature and extent of cerebral 
injury. However, cranial ultrasonography may be 
the only neuroimaging modality able to be obtained 
in the first hours of life of an unstable infant [3, 8]. 

Neonates with encephalopathy should be cared 
for by experienced professionals at a Neonatal 
Intensive Care Unit (NICU) of a tertiary hospital. 
At the moment, in addition to supportive intensive 
care, therapeutic hypothermia (TH) is the only 
validated treatment and the standard of care for 
term or late preterm newborns (NB) with HIE [1, 
10, 11]. Multiple trials have demonstrated its safety 
and efficacy in improving outcomes if initiated 
within the first 6 hours of life and maintained for 
72 hours, being associated with reduced death and 
disability [1, 12]. A few clinical trials support the 
hypothesis that early postnatal allopurinol may 
improve outcome in infants with evolving HIE [13-
15]. More recent investigations that have examined 
adjuvant therapies, such as erythropoietin and stem 
cells, are showing promising results, though the 
results of larger multicenter trials are still pending 
[16-21]. 

The terms NE and HIE have been used 
interchangeably. Some authors state that when an 
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asphyxia etiology is not apparent the diagnosis 
of HIE is not justified and the more general term 
NE should be used, allowing the investigation and 
treatment of other conditions not to be hindered 
[10, 22, 23]. The use of the terms “presumed HIE” 
or “apparent HIE” has been proposed for those NB 
that have clinical features and brain injury patterns 
on MRI suggestive of an anoxic mechanism, 
since there are no specific biomarkers or imaging 
alterations for HIE and the exact pathogenesis is 
often unknown [1, 10, 23]. 

All neonates included in this study underwent 
treatment with TH for a presumed HIE diagnosis 
within the immediate postnatal period. We tried to 
retrospectively confirm the initial diagnosis of HIE 
or realize if there was a more accurate alternative 
diagnosis, based on the perinatal factors, clinical 
course and complementary exams. The aims 
were to evaluate the prevalence of the different 
etiologies of NE in this sample and to perform 
a comparative analysis between the group of 
neonates with confirmed hypoxic-ischemic versus 
non-hypoxic-ischemic NE. 

Methods

Study design and sample

We conducted an observational retrospective 
study by analyzing patients’ clinical records. All 
NB treated with TH for a presumed HIE diagnosis, 
between January 2012 and July 2020, at our 
tertiary NICU were included. Patients in whom 
an alternative diagnosis was found were excluded 
from this study.

Data collection and variable definition

Demographic data (neonate’s age and sex, 
mother’s age), maternal medical history (diseases 
and medications) and obstetrics background 
(gestational age, single or multiple pregnancy, 
fetal anomalies, suspected chorioamnionitis) and 
prenatal conditions (threatened preterm delivery, 
oligohydramnios, gestational diabetes, premature 
or prolonged rupture of membranes, hypertension, 
bleeding, anemia, decreased fetal movements, fetal 
bradycardia/tachycardia) were collected. Type of 
delivery, anatomopathological exam of the placenta 
and peripartum factors (placental rupture, anterior 
placenta, uterine rupture, cardiotocographic changes 
including sustained fetal bradycardia, decelerations 
and low variability, meconium-stained amniotic 

fluid and meconium aspiration, umbilical cord 
prolapse, umbilical cord knot, shoulder dystocia, 
maternal shock) were also reviewed. Data relative to 
the immediate postnatal period was also analyzed, 
namely birth weight, Apgar scores at 1st, 5th and 10th 
minutes and need for advanced resuscitation for 
more than 10 minutes. 

Blood acid-base balance, rectal temperature 
and clinical seizures at admission to NICU 
were reviewed. Both clinical seizures and aEEG 
features suggestive of seizures were considered 
during TH. The severity of encephalopathy was 
based on clinical assessment at admission using 
the Thompson score (mild 0-10, moderate 11-14, 
severe ≥ 15) [24]. Analytical evidence of infec-
tion (leukocytosis/leukopenia, thrombocytopenia, 
C-reactive protein elevation and positive blood 
cultures) was reviewed. Abnormal findings detected 
on cranial ultrasound were considered at admission 
and after TH. Changes in aEEG pattern were 
evaluated at admission, at 48 hours and after TH. 
Imaging findings from the first MRI performed were 
also considered. Systemic dysfunction parameters 
during TH (persistent pulmonary hypertension, 
bradycardia, hypotension, need for inotropic 
support and ventricular dysfunction, kidney 
injury, hepatic dysfunction, thrombocytopenia and 
coagulation alterations or hemorrhagic dyscrasia) 
were also reviewed. Multiorgan dysfunction was 
considered when at least two organ systems were 
involved. Length of hospital stay and number of 
deaths was also recorded. The presence of major 
neurologic sequelae (motor dysfunction including 
cerebral palsy, global developmental delay, severe 
visual and hearing impairment and epilepsy) was 
evaluated at 12 and 24 months of follow-up. When 
an MRI was performed at 12 and 24 months of 
follow-up, imaging alterations were reviewed. 

To categorize the etiology as hypoxic-ischemic 
we looked for any of the following: neonatal signs 
consistent with an acute peripartum or intrapartum 
event (Apgar score ≤ 5 at 5 and 10 minutes, 
fetal umbilical artery pH < 7.0, base deficit ≥ 12 
mmol/L, multisystem organ failure consistent 
with HIE); a sentinel event occurring immediately 
before or during labor and delivery associated 
with consistent fetal heart rate monitor patterns; 
suggestive neuroimaging alterations on brain MRI. 
Sentinel event was defined as a serious pathologic 
event, including the following: ruptured uterus, 
placental abruption, umbilical cord prolapse, 
amniotic fluid embolus, maternal cardiovascular 
collapse and fetal exsanguination [8]. 
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We divided the total sample into two subgroups: 
group 1, which includes neonates that displayed 
anoxic lesions on MRI or who presented a clinical 
course suggestive of HIE and had no evidence of an 
alternative diagnosis; group 2, which encompasses 
neonates in whom we considered a cause for 
encephalopathy other than hypoxic-ischemic. 

Therapeutic hypothermia protocol 

According to the Portuguese neonatal recom-
mendations, all neonates born at ≥ 36 week’s 
gestation who revealed at least 1 criterion suggestive 
of asphyxia (Apgar score ≤ 5 at 10 minutes; need 
for advanced resuscitation at 10 minutes; pH 
< 7.0 in the first hour of life; base deficit ≥ 16 
mmol/L in the first hour of life) and presented with 
seizures or moderate to severe encephalopathy 
(defined as altered level of consciousness, tonus, 
reflexes or respiratory autonomy) were eligible 
for TH. All neonates were monitored with aEEG 
during treatment with TH and during rewarming. 
Cranial ultrasound was performed at admission, 
within the first 24 hours of life, on the 3rd-4th 
day of life and on the day of the brain MRI (7th-
10th day of life). Whenever possible, otoacoustic 
emissions and ophthalmologic evaluation were 
performed before discharge. After discharge, 
follow-up was ensured by a multidisciplinary team 
(neonatologists, neuropediatricians, developmental-
behavioral pediatricians, ophthalmologists, otorhino-
laryngologists and physiatrists) [25]. 

Ethics

This research complies with all the relevant 
national regulations, institutional policies and 
is in accordance with the tenets of the Helsinki 
Declaration. The study was approved by the Ethics 
Committee of Centro Hospitalar Universitário do 
Porto and Institute of Biomedical Sciences Abel 
Salazar. In line with recent normative, the requirement 
to obtain informed consent was waived for this  
study [26]. 

Statistical analysis

Statistical analysis was performed using IBM® 
SPSS® Statistics 25.0. Categorical variables 
were expressed as frequency and percentage, and 
continuous variables were expressed as median 
and percentiles 25 and 75. Comparison between 
groups was established through Pearson’s Chi-

square and Fisher exact tests, Kruskal Wallis and 
logistic regression models. A p-value of less than 
0.05 was considered as statistically significant. 

Results

The sample baseline characterization is 
described in Tab. 1. A total of 50 patients 
underwent TH during the previously mentioned 
period and were analyzed. Four were excluded 
from this study because the alternative diagnosis 
of sudden unexpected postnatal collapse was 
considered (full-term NB with Apgar scores of 
at least 8 that suddenly collapsed during the first 
hours of life due to cardiorespiratory arrest). 

After reviewing clinical files, we assumed the 
diagnosis of HIE in 29 (63.0%) patients (group 1). 
There was no evidence of perinatal asphyxia in 
17 (37.0%) patients (group 2). In the latter group, 
intracranial hemorrhage was the most frequent 
finding (7; 15.2%), followed by infection (5; 
10.9%) and hypovolemic shock (2; 4.3%). One 
patient was diagnosed with a metabolic disease, 1 
had a stroke and 1 remained idiopathic. 

A first brain MRI was performed in 44 patients 
(95.7%) on average on the 7th day of life (SD 
2.37; minimum 3, maximum 16 days). There was 
evidence of hypoxic-ischemic lesions in 20 (45.5%) 
and 12 (27.3%) were normal. All 29 patients from 
group 1 had performed a brain MRI, 6 of them 
being normal. Regarding imaging reevaluation at 12 
months of follow-up, a brain MRI was performed 
in 12 out of 36 (33.3%) and 3 revealed alterations 
suggestive of a prior hypoxic-ischemic lesion (2 of 
them had evidence of hypoxic-ischemic lesions on 
the initial MRI and 1 showed a small peak of lactates 
on spectroscopy). At 24 months, a brain MRI was 
performed in 2 out of 29 (6.9%), 1 being normal 
and the other showing periventricular leukomalacia. 

The results of the comparative analysis between 
NB from groups 1 and 2 are displayed in Tab. 2. 
Eight patients (27.6%) from group 1 died, whilst 
only 2 neonates (11.8%) from group 2 had this 
outcome. In group 1 there was a higher prevalence 
of emergency cesarean section (p = 0.013) and 
clinical seizures at admission (p = 0.048). A higher 
Thompson score at admission was also found in 
this group (OR = 1.2; p = 0.019). With regards to 
severity, there was a significant difference between 
the groups, with the majority of patients from 
group 1 having moderate or severe encephalopathy 
(31.0% and 48.3%, respectively), whilst most 
patients from group 2 had mild encephalopathy. 
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Table 1. Sample baseline characterization (n = 46) (continues on the next page).
Male 26 (56.5%)
Maternal age, years 30 (26-34)
Maternal diseases 17 (37.0%)
Fetal anomalies (n = 44) 8 (18.2%)
Twin pregnancy (n = 44) 2 (4.5%)
Suspected chorioamnionitis 17 (37.0%)

Anatomopathological placental exam (n = 22)

Normal 9 (40.9%)
Chorioamnionitis 8 (36.4%)
Funisitis 7 (31.8%)
Other alterations 4 (18.2%)

Gestational age, weeks 39 (38, 40)

Type of birth (n = 44)

Vaginal delivery 5 (11.4%)
Vacuum delivery 10 (21.7%)
Forceps delivery 2 (4.5%)
Cesarean section 6 (13.6%)
Emergency cesarean section 23 (50.0%)

Prenatal conditions 17 (37.0%)
Peripartum factors 37 (80.4%)
Birth weight, grams 3,152.5 (2,895, 3,503)

Apgar scores
1st minute 2 (0, 3)
5th minute 4 (2, 5)
10th minute 5 (4, 6)

Advanced resuscitation > 10 minutes 9 (22.0%)

Acid-base balance during the 1st hour of life
pH 6.90 (6.80-6.99)
Base excess -21.00 (-24.20, -18.00)

Rectal temperature at admission 33.8 (33.2, 34.4)
Clinical seizures at admission 31 (67.4%)
Thompson score at admission 12.5 (8.8, 17.0)
Hours of life at the beginning of TH hours 5.5 (4.5, 6.5)

Encephalopathy severity
Mild 16 (34.8%)
Moderate 13 (28.3%)
Severe 17 (37.0%)

aEEG at admission (n = 45)

Normal 5 (11.1%)
Epileptic activity with normal baseline 2 (4.4%)
Burst suppression 27 (60.0%)
Moderately abnormal 10 (22.2%)
Suppressed 1 (2.2%)

aEEG at 48 hours of TH

Normal 24 (52.2%)
Epileptic activity with normal baseline 1 (2.2%)
Burst suppression 6 (13.0%)
Moderately abnormal 8 (17.4%)
Suppressed 4 (8.7%)
Status epilepticus 1 (2.2%)

Cranial ultrasound at admission (n = 43)

Normal 2 (4.7%)
Signs of cerebral edema 37 (86.1%)
Brain parenchyma alterations 36 (83.7%)
Blood flow alterations 7 (16.3%)

Seizures (n = 44)
Clinical 25 (56.8%)
Electrical 28 (63.6%)

Thompson score after TH 8.0 (5.5, 14.0)

aEEG or EEG after TH (n = 44)

Normal 12 (27.3%)
Burst suppression 8 (18.2%)
Focal paroxysmal activity 6 (13.6%)
Multifocal paroxysmal activity 17 (38.6%)
Discontinuities during NREM sleep 4 (9.1%)
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Table 1. Sample baseline characterization (n = 46) (continues from the previous page).

Cranial ultrasound after TH (n = 41)

Normal 7 (17.1%)
Signs of cerebral edema 23 (56.1%)
Brain parenchyma alterations 33 (80.5%)
Blood flow alterations 3 (7.3%)

Organ failure 

Persistent pulmonary hypertension 7 (15.2%)
Bradycardia 10 (21.7%)
Hypotension 20 (43.5%)
Kidney injury 24 (52.2%)
Hepatic dysfunction 17 (37.0%)
Ventricular dysfunction 22 (47.8%)
Need for inotropic support 28 (60.9%)
Thrombocytopenia 21 (45.7%)
Coagulation alterations or hemorrhagic dyscrasia 14 (30.4%)

Analytical evidence of infection 24 (52.2%)
Positive blood culture (n = 45) 2 (4.4%)

MRI (n = 44)

Normal 12 (27.3%)
Hemorrhage 10 (22.7%)
Ischemia 2 (4.50%)
Anoxic/hypoxic-ischemic 20 (45.5%)

Length of hospital stay, days 11.0 (8.8, 15.0)
Mortality 10 (21.7%)
Major neurologic sequelae at 12 months of follow-up (n = 36) 15 (41.7%)
Major neurologic sequelae at 24 months of follow-up (n = 29) 14 (48.3%)

Data is presented as number (n), n (percentage; %), median (25th, 75th percentile: P25, P75), as appropriate.
aEEG: amplitude-integrated electroencephalogram; EEG: electroencephalogram; MRI: magnetic resonance imaging; NREM sleep: non-
rapid eye movement sleep; TH: therapeutic hypothermia.

Table 2. Comparative analysis between neonates from groups 1 and 2 (n = 46).

Variable Group 1: HIE
(n = 29 [63.0%])

Group 2: non-HIE
(n = 17 [37.0%]) p-value

Maternal diseases 11 (37.9%) 6 (35.3%) 0.761
Prenatal conditions 13 (44.8%) 4 (23.5%) 0.499
Peripartum factors 24 (82.8%) 13 (76.5%) 0.140
Suspected chorioamnionitis 10 (34.5%) 7 (41.2%) 0.755
Sentinel events 24 (82.8%) 9 (52.9%) 0.044

Delivery mode

Vaginal delivery 2 (6.9%) 3 (17.6%)

0.013
Vacuum delivery 4 (13.8%) 6 (35.3%)
Forceps delivery 0 (0.0%) 2 (11.8%)
Cesarean section 4 (13.8%) 2 (11.8%)
Emergency cesarean section 19 (65.5%) 4 (23.5%)

Clinical seizures at admission 23 (79.3%) 8 (47.1%) 0.048

Thompson score at admission 14 (11-17) 9 (7-12.5) 0.019
OR = 1.2

Encephalopathy severity
Mild 6 (20.7%) 10 (58.9%)

0.027Moderate 9 (31.0%) 4 (23.5%)
Severe 14 (48.3%) 3 (17.6%)

aEEG normalization at 48 hours of TH (n = 40 a) 10 (47.6%) 11 (52.4%) 0.027
Multiple organ failure 19 (65.5%) 12 (70.5%) 0.520
Mortality 8 (27.6%) 2 (11.8%) 0.282
Major neurologic sequelae at 12 months (n = 36) 13 (61.9%) 2 (13.3%) 0.006
Major neurologic sequelae at 24 months (n = 29) 11 (64.7%) 3 (25.0%) 0.041

Data is presented as number (n), n (percentage; %) and median (25th-75th percentile, P25-P75). 
a There was information regarding aEEG at admission in 45 patients and regarding aEEG at 48 hours of TH in all (46) patients; 40 newborns 
had alterations on aEEG at admission: among these, the analysis regarding aEEG normalization at 48 hours of TH was performed.
aEEG: amplitude-integrated electroencephalogram; HIE: hypoxic-ischemic encephalopathy; OR: odds ratio; TH: therapeutic hypothermia.
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All patients from group 2 who presented with severe 
encephalopathy were diagnosed with infection. 
Patients from group 1 showed a less frequent aEEG 
improvement at 48 hours (p = 0.027) and a higher 
prevalence of major neurologic sequelae at 12 (p 
= 0.006) and 24 months (p = 0.041). There were 
no statistically significant differences regarding 
maternal conditions, risk factors for neonate 
infection, multiple organ failure and mortality. 

Discussion

Few studies have evaluated risk factors for 
NE other than hypoxia-ischemia, and many of 
the existing epidemiologic studies lack brain 
MRI data and information regarding long-term 
outcomes. We aimed to evaluate the etiologies 
of NE in NB treated with TH for a presumed 
diagnosis of HIE. We compiled a constellation 
of data concerning neonatal status, contributing 
events and developmental outcomes in order to 
retrospectively determine if they were consistent 
with HIE or realize that there was a more accurate 
alternative diagnosis. 

Despite the clinical overlap, clinicians should 
be aware of the extensive differential diagnosis 
since it is extremely important to distinguish 
HIE as a subcategory of NE. If clinicians fail 
to identify a sentinel event, it is less likely 
that the aberrant clinical neurologic findings 
are secondary to HIE and a diligent search for 
other etiologies is essential [27]. There are still 
knowledge gaps that preclude a definite test or set 
of markers that accurately identifies an infant in 
whom NE is attributable to an acute intrapartum 
event. Therefore, it is essential to perform a 
comprehensive evaluation of neonatal status 
and all potential contributing factors, identify 
treatable causes and ensure optimal management 
and better prognostic outcome [8]. 

As expected, HIE was the main cause of NE 
in our sample, with a higher prevalence than that 
described in previous studies [2, 4, 28]. This 
discrepancy can be explained since only NB who 
were treated with TH were included in our study. 
NB with milder forms of encephalopathy who did 
not undergo treatment with TH and those who 
presented with altered neurologic status after the 
first days of life were not included in our study, 
which may have led to a selection bias. 

All NB in whom the diagnosis of HIE was 
retrospectively confirmed (group 1) had performed 
an MRI. Despite presenting criteria for HT, no 

abnormal findings were found in 6, presumably 
because it was performed precociously (mean 
of 6 days of life; minimum 5, maximum 8 days) 
or because timely initiation of HT prevented the 
onset of brain damage. Retrospectively reviewing 
the 46 NB treated with TH, there was no evidence 
of perinatal asphyxia in 17 (37.0%) patients (group 
2). In this group, intracranial hemorrhage was the 
most frequent finding. Of the 7 neonates with 
intracranial hemorrhage, 6 had an instrumental 
delivery; 5 had mild encephalopathy, and among 
these only 1 had in fact a clear indication for TH; 
the other 2 presented moderate encephalopathy 
and had clinical seizures, which is the presenting 
symptom in the majority of neonates with 
intracranial hemorrhage, and did in fact meet 
criteria for TH [3]. 

Infection should always be considered as a cause 
of NE [3]. An infectious cause was seen in 5 patients, 
2 of whom had positive blood cultures for group 
B Streptococcus. All had multiorgan dysfunction, 
and 2 died within the first 3 days of life. Regarding 
placental histology, 2 had evidence of both 
chorioamnionitis and funisitis and 1 was normal. 
It should be noted that placental examination was 
performed in only 22 (47.8%) patients. Since it 
reflects the intrauterine environment, it could help 
to clarify the underlying etiology and guide clinical 
management [27]. However, in our experience, the 
results are only available between day 7 and 10 of 
life in the majority of cases. 

Although hypovolemic shock can be a potential 
cause of neonatal asphyxia, this diagnosis was 
considered individually, due to its specific 
treatment. In this series, one case concerns a twin 
pregnancy complicated with feto-fetal transfusion. 
The other was a neonate with a history of delivery 
complicated by placental abruption who presented 
with disseminated intravascular coagulation and 
multisystemic bleeding. Retrospectively, none of 
them met the criteria for TH. Metabolic disorders 
and stroke are less frequent causes of NE, which 
is in line with our results [1, 3]. Only 1 patient 
remained idiopathic.

As described in the literature, the presence 
of a sentinel event was associated with a higher 
probability of HIE. Previous studies that 
examined risk factors for HIE have shown indirect 
intrapartum factors associated with HIE, such as 
abnormal fetal heart tracings, prolonged rupture 
of membranes, a tight nuchal cord, shoulder 
dystocia, thick meconium or a failed vacuum 
delivery [4, 8, 29]. Our results suggest that a 
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greater impairment of cerebral activity, translated 
by a higher Thompson score, the presence of 
seizures and non-recovery of the aEEG pattern 
at 48 h, was associated with a higher probability 
of HIE. Additionally, encephalopathy severity, 
evaluated by the Thompson score at admission, 
was significantly higher in the HIE group. These 
findings might be helpful in clinical practice when 
deciding to pursue additional evaluation and 
specific management within the first hours and 
days of life. 

NE is associated with high morbidity and 
mortality rates, and infants with moderate to severe 
encephalopathy are more likely to develop long-
term neurologic morbidity. While prognosis has 
improved since the widespread use of TH, outcomes 
remain suboptimal for those who survive and who 
are at risk for long-term disabilities, including 
cerebral palsy, epilepsy, cognitive impairment 
and developmental delay [30-32]. Predictors of 
unfavorable outcomes include a higher severity 
of encephalopathy, EEG abnormalities, refractory 
seizures and evidence of moderate to severe injury 
on MRI [1, 11, 33]. Possibly as a consequence 
of the greater impairment of brain electrocortical 
activity, neonates from group 1 had a higher 
prevalence of major neurologic sequelae at 12 and 
24 months of follow-up. This finding highlights the 
importance of the follow-up being undertaken in an 
experienced tertiary center by a multidisciplinary 
team for at least the first 24 months. 

We acknowledge some limitations in our study, 
including the small sample size, the selection 
bias and the absence of a control group which 
limits drawing inferences from our results. Some 
strengths should also be noted: to our knowledge, 
there are only a few studies that tried to categorize 
the different etiologies of NE; we used a precise 
definition of NE and a standardized approach that did 
not change throughout the study period; this study 
was performed at a NICU of a tertiary reference 
center; we reviewed information regarding an 
8-year experience and a 2-year follow-up period, 
which is a considerable period of time; finally, 
unlike other studies, brain MRI information was 
taken into account in the diagnostic classification. 

In conclusion, NE with indication for 
TH is relatively frequent in NICU. Etiologic 
categorization has been remarkably under-
investigated, although it could allow the 
development of targeted adjunctive therapies 
and preventive strategies. The terms NE and HIE 
should not be used interchangeably. Our findings 

might help to prospectively differentiate between 
HIE and NE from different etiologies early after 
birth, ideally prior to initiation of TH, in the future. 
However, more studies are needed to evaluate 
clinical, analytical and imaging markers of HIE. 
Given the risk of long-term disability, follow-up 
in an experienced center is essential. Long-term 
large prospective multicenter studies of infants 
with NE stratified by etiology are necessary to 
fully understand pathogenic mechanisms, to 
compare the response to hypothermia and long-
term outcomes, in order to allow the establishment 
of recommendations. 
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