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Abstract: Background. Data on long-term outcomes in the era before therapeutic hypothermia (TH)
showed a higher incidence of cognitive problems. Since the introduction of TH, data on its results
are limited. Methods. Our sample population consisted of 40 children with a history of hypoxic-
ischemic encephalopathy (HIE) treated with TH, with an average age of 6.25 years (range 5.5, 7.33),
24 (60%) males; and 33 peers with an average age of 8.8 years (6.08, 9.41), 17 (51%) males. Long-term
follow-up data belong to two centers in Padova and Torino. We measured general intelligence
(WPPSI-III or WISC-1IV) and neuropsychological functioning (language, attention, memory,
executive functions, social skills, visual motor abilities). We also administered questionnaires to
their parents on the children’s psychopathological profiles and parental stress. Results. We found
differences between groups in several cognitive and neuropsychological domains: intelligence,
visuomotor skills, executive functions, and attention. Interestingly, IQ test results effectively
(HIE wvs.
psychopathology appears to be significantly higher in children with HIE (35%) than in control peers

differentiated between the groups controls). Furthermore, the incidence of
(12%). Conclusions. Our study supports previous findings on a higher incidence of
neuropsychological, cognitive, and psychopathological sequelae after HIE treated with TH. As
hypothesized, TH does not appear to ameliorate the outcome after neonatal HIE in those children

who survive without major sequelae.
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1. Introduction

Great improvements in outcomes have been reported in children who experience
neonatal hypoxic-ischemic encephalopathy (HIE) since the introduction of therapeutic
hypothermia (TH). The first clinical randomized trials demonstrated that TH for full-term
newborns with moderate to severe HIE significantly reduces mortality or
neurodevelopmental disability at the age of 18-24 months [1,2]. However, normal
neurodevelopmental outcomes in early childhood do not prevent cognitive and
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behavioral difficulties in late childhood and adolescence, because cognitive functions are
not yet fully developed at this early age.

Long-term data (early and late childhood, adolescence) in the era before TH
treatment showed a higher incidence of cognitive problems until adolescence (for a
review, see [3]). Since the introduction of TH, data on its results have been limited: TH has
been introduced too recently to adequately assess long-term effects, and several concerns
are reasonable [1,2,4-6]. All but one study [4] extended randomized clinical trials to
evaluate the efficacy and safety of TH in school-age children. Therefore, the participants
in these studies were all children with a history of HIE, treated with or without TH. This
type of comparison is optimal to highlight improvements and risks introduced by the new
treatment, but not the gold standard to point out abnormal trajectories in
neurodevelopment, which could emerge from comparisons with healthy controls. A
healthy control group of typically developing children growing up in the same period
may offer a more representative reflection of normal variation. Furthermore, group
comparisons allow us to highlight subclinical vulnerabilities; that is, some borderline
performances underlying weaknesses that could remain unchanged or worsen over time
as more complex abilities emerge and the cumulative effects of several risk factors act
synergistically.

To the best of our knowledge, the only study that compared children treated with
TH with healthy controls during the school period found that children with HIE scored
significantly lower in fine motor skills, executive functions, memory, and language [4]. As
indirect confirmation, studies comparing children with HIE history who were treated
with and without TH showed no significant neuropsychological differences, although
differences clearly emerged for mortality and severe morbidity [1,2,5]. Given the
established high incidence of long-term cognitive impairments before the era of TH usage,
this result suggests a comparable incidence of neuropsychological difficulties despite TH
treatment.

Ambiguity in prognosis is particularly evident in children with mild to moderate
conditions. Most studies highlight predictive power based on neonatal parameters and
examinations under severe conditions [7-9], but predicting functional disturbances, such
as psychopathology and cognitive deficits, remains elusive. Furthermore, in clinical
practice, infants with HIE who have normal or mildly abnormal short-term outcomes are
considered low risk and discharged from the neonatal intensive care unit without
dedicated long-term follow-up programs.

A clear understanding of the incidence and nature of impairments after HIE
treatment with TH could increase clinicians’ and researchers’ attention to long-term
follow-ups and the search of early biomarkers of risk. This can allow the identification
and monitoring of the most vulnerable children and provide timely interventions if
necessary. During the time elapsed between the insult and disclosure of impairments, the
developmental window for therapeutic interventions may be lost. In early infancy,
rehabilitation programs can still favor changes in brain circuitry when neural correlates
underlying more complex adaptive abilities can still occur. Therefore, clear guidelines on
follow-up and early biomarkers could be crucial to increasing the quality of life of children
with HIE and reducing the burden on the mental health care system.

We compare the neurodevelopment of a group of children with HIE treated with TH
to that of a control group of healthy peers, evaluating cognitive, neuropsychological, and
psychopathological criteria. We hypothesize that despite the neuroprotection offered by
TH, the early stressful condition could increase children’s risk of developing a wide range
of neurodevelopmental disorders and subtle diseases, such as neuropsychological or
learning impairments.
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2. Materials and Methods
2.1. Participants

Our sample population consisted of 40 HIE patients with an average age of 6.25 years
(range 5.5, 7.33), 24 (60%) males; and 33 peers with an average age of 8.8 years (6.08, 9.41),
17 (51%) males. All children fluently spoke Italian.

Our study focuses on a nested group of children selected from a larger prospective
study on the prognostic role of evoked potentials and MRI in neonates with HIE who were
eligible for TH from four Italian centers (Padova, Roma, Udine, Torino) from March 2013
to December 2015. Long-term follow-up data were collected for two centers, Padova and
Torino. Selection for TH included (1) gestational age at birth > 36 weeks; (2) any of the
following: arterial umbilical cord or first blood gas analysis (within 1 postnatal hour) with
pH 7.0, cord and base excess <12, 10-min Apgar score <5, or need for respiratory support
at 10 min of life; and (3) moderate-to-severe encephalopathy within 6 h of birth.

The newborn exclusion criteria were suspected or known congenital malformations
and inborn metabolism errors. TH was initiated as soon as possible after birth or at the
time of referral from other hospitals and consisted of moderate whole-body hypothermia
(target temperature 33-34 °C) for 72 h followed by a rewarming rate of approximately 0.5
°C/h. All patients received fentanyl infusion throughout TH to prevent discomfort and
shivering (1-2 ug/kg/h, with boluses as needed).

For the long-term follow-up study, we selected children of at least 5 years of age with
familial consent to participate in the study. Exclusion criteria for long-term follow-up
were the presence of major impairments (neurosensory impairments, cerebral palsy, or
epilepsy); diagnosis of congenital malformations after the neonatal period; inborn
metabolism errors, genetic syndromes, or other medical comorbidities; certified
intellectual disabilities; traumatic events or reported parental neglect; and invalidating
parental pathologies that emerged during clinical follow-up.

The controls were recruited in a primary school. The project was presented and
families were asked to join freely.

Only data from children who underwent the complete assessment battery were
analyzed for this study. Parents gave their written informed consent for their children to
participate.

2.2. Cognitive, Neuropsychological, and Psychopathological Assessment

A child psychologist and a child neurologist who were unaware of the medical status
of the children assessed the patients. Children came to our clinic twice on successive days;
several breaks were planned within each evaluation. Comfortable temperatures and a
quiet environment were maintained throughout the evaluations. We also conducted a
psychological interview with the parents of the children, who completed a questionnaire
on their perceived level of stress from their parental roles and their children’s
psychopathological profiles.

We measured general intelligence using the Wechsler Preschool and Primary
Intelligence Scale III (WPPSI-III, [10]) test or the Wechsler Intelligence Scale for Children
IV (WISC-1V, [11]). We used the naming test for language [12]. We used the visual and
auditory attention tests of the NEPSYII [13] to measure attention. For memory, we used a
word list and list recall [12], which evaluate learning and long-term verbal memory; and
the Corsi test [12], which evaluates short-term visuospatial memory. To evaluate
executive functions, we administered the coding test of the WISC-IV or WPPSI-III [10,11];
the semantic verbal fluency test [12], which evaluates the ability to access the lexicon
through a categorical cue; and the Tower of London task [14], which evaluates planning.
To assess social skills, we used the theory of mind A and B and affect recognition tests of
the NEPSY-II [13]. Visual-motor abilities were measured using the Visual-Motor
Integration Test [15].
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All tests were corrected for age using published normative values standardized for
the Italian population.

Parents completed the following psychopathological questionnaires:

Child Behavior Checklist (CBCL) [16]. The CBCL is a multiaxial, empirically based
set of measures that assess the emotional, behavioral, and social problems of a child over
the previous six months.

Conners Rating Scales—Revised (CRS-R) [17]. CRS-R reports parent ratings of child
behaviors that involve problems in seven psychopathological areas: opposition, inatten-
tion, hyperactivity, anxiety, shyness, perfectionism, social problems, and psychosomatic
issues.

Given the crucial role of other parental factors in determining psychological disturb-
ances, parents also filled in the Short-Form Parent Stress Index (PSI-SF) [18], a standard-
ized tool that produces scores of parental stress in four domains: parental distress, difficult
child, dysfunctional parent—child interaction, and total stress. Patients with total stress
clinically relevant elevations were excluded.

2.3. Statistical Analysis

Data are expressed as medians (interquartile ranges), or percentiles for the auditory
attention task. Univariate analyses were performed with the non-parametric Wilcoxon
rank sum test for continuous variables and Fisher’s exact test for categorical variables. No
multiple comparison correction was applied, since we designed the experiment as a hy-
pothesis generator [18,19]. Because the variables were on different scales, the data set was
scaled and centered prior to analysis.

We calculated an index of psychopathological dysfunctions from clinical elevations
of single psychological domains: we classified psychopathology as present if a patient at-
tained an impaired score (>2 SD) in at least two psychological domains. This methodology
provided dichotomous values and is useful to quantify a wide range of dysfunctions in a
unitary measure. Fisher’s exact test was used for that dichotomous variable. We calculated
positive predictive value, negative predictive value, sensitivity, specificity, and precision
to evaluate the different psychopathologies present among children with HIE and con-
trols.

Feature selection was implemented using a random forest algorithm by Boruta [20].
The Boruta algorithm aims to identify all the relevant predictors that impact the outcome
of interest (in our case, belonging to the HIE or control group). It implements a random
forest on an augmented set of covariates. Additional covariates, called shadow variables,
are copies of the original variables obtained by permuting the observations and thus re-
moving the eventual association with the outcome. For each explanatory variable, an im-
portance measure is computed —that is, the Z score, which is the average improvement in
the predictive performance of the random forest, with the explanatory variable divided
by its standard deviation. Important predictors are those that show a Z-score greater than
that observed for the variable with the highest Z-score among the shadow variables. This
procedure is repeated until an importance measure is assigned to each predictor or until
the maximum number of random forests is reached. We used the Boruta R package for
analysis. Missing values were imputed only before the implementation of the Boruta al-
gorithm with a robust random forest regression method with the R package {random-
ForestSRC} [21]. The var.select function of {randomForestSRC} was used to validate the
results of the Boruta variable selection with the minimal depth (md) method and high
conservativeness. All analyses were conducted in R v.4.1.1 [22].

3. Results
3.1. Descriptive Variables— Univariate Analysis

The differences between children with HIE and the control group in cognitive and
neuropsychological performance are shown in Table 1.
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Table 1. Group characteristics by neuropsychological tests.

Characteristics Controls, N =331 HIE, N=401 p-Value? Difference (95%CI)
Intelligence Quotient 105 (100, 115) 100 (87, 110) 0.031 8.7 (1.5, 16)
Coding 10.0 (8.0, 13.0) 8.0 (6.8, 10.0) 0.024 1.6 (-0.04, 3.2)
Semantic Fluency -0.12 (-0.66, 0.63) -0.25 (-1.06, 0.50) 0.4 0.23 (-0.28, 0.74)
Naming 0.12 (-0.27,0.71) 0.00 (-1.04, 0.50) 0.3 0.33 (-0.13, 0.79)
Words list 0.19 (-0.15, 1.02) 0.22 (-1.02, 0.81) 0.4 0.50 (-0.12, 1.1)
Recall list 0.81 (0.00, 1.27) 0.14 (-0.57, 0.89) 0.052 0.53 (-0.01, 1.0)
Corsi 0.25 (-0.27, 0.78) 0.12 (-0.27, 1.11) >0.9 -0.03 (-0.50, 0.44)
Visual-Motor integr. 13.00 (11.00, 15.00) 10.00 (9.00, 13.00) 0.016 1.9 (0.53, 3.3)
Tower of London 0.18 (-0.99, 0.66) -0.72 (-1.46, 0.30) 0.079 0.67 (-0.02, 1.4)
Visual attention 11.00 (10.00, 12.00) 11.00 (9.00, 12.00) 0.3 1.0 (-0.36, 2.3)
Auditory Attention 0.004
<2° 0 (0%) 1(2.5%)
2-5° 2 (6.1%) 2 (5.0%)
6-10° 0 (0%) 6 (15%)
11-25° 26 (79%) 18 (45%)
26-50° 2 (6.1%) 11 (28%)
51-75° 3(9.1%) 2 (5.0%)
>76° 0 (0%) 0 (0%)
Affect recognition 10.0 (9.0, 11.0) 9.5(7.0,11.8) 0.5 0.63 (-0.87, 2.1)
Theory of Mind A 0.07 (-0.82, 0.68) 0.21 (-0.77, 0.94) 0.5 -0.12 (-0.66, 0.42)
Theory of mind B 0.12 (-0.36, 0.49) -0.04 (-0.77, 0.34) 0.3 0.32 (-0.15, 0.79)

Legend: HIE: hypoxic-ischemic encephalopathy; ! Median (interquartile range, IQR); n (%); 2 Wilcoxon rank sum test;

Fisher’s exact test.

Psychopathological results were not available for all children in the study: some par-
ents did not respond to the questionnaires at all, and others did not complete all the ques-
tions. The results obtained are shown in Table 2.

Table 2. Cross-tabulation of children and controls with HIE with present or absent psychopathol-

ogy.
Psychopathology HIE Controls Total
Present 12 3 15
Absent 22 22 44
Total 36 25

Differences emerged in the psychopathological scores of children and controls with
HIE: negative predictive value 0.88 (95% CI 0.75-1.00), positive predictive value 0.35 (95%
CI 0.19-0.51), specificity 0.50 (95% CI 0.35-0.64), sensitivity 0.80 (95% CI 0.59-1.00), and
overall accuracy 0.58 ( 95% CI 0.40-0.75), p = 0.04.

3.2. Feature Selection

Feature selection was implemented with two different algorithms based on random
forest: Boruta, and minimal-depth variable selection with high conservativeness. Both al-
gorithms independently confirmed IQ as the sole important variable for classifying the
two groups of patients (See Figure 1). Results were consistent at different seeds of the
random number generator.
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Figure 1. Boruta feature selection results. Green bar is IQ, the variable confirmed as important to
distinguish the two groups of patients. Red bars represent the other variables included in the model
but not confirmed as important. Dots in the upper or lower parts of the boxplots are outliers defined
according to Tukey.

4. Discussion

By examining cognitive, neuropsychological, and psychopathological profiles, we
aimed to compare the neurodevelopment of children with a history of HIE treated with
TH to that of a group of peers without preperinatal risk factors. As hypothesized, we
found that children with HIE, even in the absence of severe disabilities, face a higher risk
of developing a wide range of neuropsychological and psychopathological dysfunctions.
We found differences in several cognitive and neuropsychological domains: intelligence,
visuomotor skills, executive functions, and attention. Interestingly, the IQ test effectively
differentiated between the groups (HIE vs. control group). Furthermore, the incidence of
psychopathology appeared to be significantly higher in children with HIE compared to
their control-group peers.

As in the study by Edmonds et al. [4], the most relevant difference in the neuropsy-
chological profile was in the auditory attention test, an aspect of cognitive control im-
portant for school readiness [23] and long-term achievement [24]. Furthermore, we found
differences in tasks evaluating visuomotor skills (Visual-Motor Integration Test and cod-
ing test). These abilities are typically impaired in children with a history of another patho-
logical condition of the preperinatal period: preterm birth [25]. Despite the clinical differ-
ences between the disorders, mild-to-moderate conditions share common neurocognitive
impairments that are considered disturbances of connectivity and are closely correlated
with the integrity of the white matter [26].

However, 1Q is the parameter that both differed significantly between groups and
discriminated children with HIE from controls using very robust statistical procedures.
IQis a complex parameter obtained from numerous subtests that describe global cognitive
functioning. However, total IQ was not interpretable in most of our patients due to the
extreme variability between the indices (>1 SD). This means that the cognitive profile of
children with HIE is not homogeneously lower than that of their peers, but that they show
profiles characterized by deficits and preserved functions. This result is in line with our
previous work on other preperinatal conditions [27-29]. As in those studies, we found
high interindividual variability as demonstrated by highly variable scores in the perfor-
mance of tasks or responses to the questionnaires. Developmental pathways may assume
peculiar trajectories, resulting in high interindividual variability [26].

Unlike neuropsychological functioning, psychopathology has been very poorly ex-
plored in most pediatric neurological conditions. This is also the case for HIE. Although
we did not explore the psychopathology extensively and our results are only preliminary,
we found clinically relevant psychopathological symptoms in 35% of patients with HIE.
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The most frequent symptoms were oppositional behavior, attention problems, hyperac-
tivity, somatic complaints, and anxiety. Although great attention has been paid to the neu-
robiology of some psychiatric disorders, historically, neurological correlates of psycho-
pathology and psychological concerns have been ignored. Therefore, psychological symp-
toms in neurological diseases have been considered an effect of coexistence with a chronic
disability. It is only recently that the view has changed [30]: for example, in the case of
epilepsy, psychopathological and cognitive symptoms are now pivotally considered
symptoms per se, like the seizures themselves [31]. We believe that the high percentage
of psychopathological dysfunctions found among patients with HIE is likely a direct
symptom of abnormalities in brain organization rather than a consequence of the acute
stress experienced during the neonatal period. In this framework, cognitive and psycho-
pathological disorders among our patients could be considered two different manifesta-
tions of the same underlying neurobiological vulnerability. However, only comparison
with other similar pathological conditions without cerebral involvement could disentan-
gle this ambiguity.

In HIE, the underlying pathophysiological mechanisms of functional impairments
are not completely understood, especially for mild-to-moderate cases. Neuroimaging
studies have described two macroscopic patterns of hypoxic-ischemic injury: deep gray
matter damage after severe acute asphyxia (e.g., to the thalami, basal ganglia, or brain
stem), and injury to paracentral “watershed” brain regions after prolonged partial as-
phyxia [32,33]. The first pattern has been associated with the most severe outcomes. How-
ever, there are no structural abnormalities in a high percentage of cases, as revealed by
MRI and histochemical investigation. Animal studies indicate that cognitive and behav-
ioral deficits may result from abnormal wiring of neural networks during development
[34]. More specifically, neonatal hypoxic-ischemic injury is believed to disrupt large-scale
functional pathways between the prefrontal cortex and the hippocampus; this is related
to cognition [35] even when macroscopic morphological changes are minor or moderate.
Since substantial improvements in neonatal care in recent years have decreased mortality
and severe morbidity, subtle neuropsychological and psychopathological sequelae have
become a challenge in patients with HIE.

A better understanding of the pathophysiology of hypoxic-ischemic injury in human
neonates may directly improve the care of patients born with neonatal HIE. An interesting
side effect would be to provide new insight into the understanding of early network de-
velopment. As stated in [36], adverse influences early in development—particularly dur-
ing intrauterine life and often due to oxidant injury —can increase the risk of the condition
in adulthood. Decades of research confirmed that exposure to intrauterine adversity
places children and adults at elevated risk of developing cognitive, social, emotional, and
health problems [36,37], but pathophysiology remains elusive. Mechanisms involved in
hypoxic-ischemic injury and cerebral plasticity may provide insight into fetal health and
pathology programming [38].

This study has some limitations. Our sample size remains small; therefore, the results
may not be completely generalizable. In particular, the sample of control children is too
small to fully represent normality in cognitive, neuropsychological, or psychopathological
domains, especially if one considers that the age group presents great interindividual var-
iability. Furthermore, we did not obtain the scores of the questionnaires from all parents
of the sample; in particular, the lack of control parent reports are about 24% of the entire
sample of controls. However, to reduce possible bias, healthy children were not recruited
based on the absence of current neuropsychological dysfunctions, but on the absence of
preperinatal insults. Therefore, our healthy group reflects general population trends and
the real occurrence of cognitive problems in children without known risk factors; most
importantly, the differences between the groups are not due to an artificial superfunction-
ing group of peers. Furthermore, we controlled for some other influencing variables such
as parental stress. We hope to replicate the study with a greater number of patients,
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perhaps comparing them to a group of children with another pathological condition. This
process could better highlight some specificities of HIE.

Unfortunately, our group of children was too young to allow for a comprehensive
evaluation of executive functions. Executive functions are a broad but important construct
that generally refers to the processes involved in conscious control of thought and action,
supported by a complex interaction between the frontal and subcortical circuits of the cer-
ebral areas [39], which could also explain the broad spectrum of neuropsychiatric phe-
nomenology [40]. In-depth executive evaluation of children with HIE could be a recom-
mended future line of research. Regarding the in-depth assessment of executive functions,
our patients were also too young for a complete evaluation of psychopathology. Our data
are based on parents’ reports, but it is known that reports about psychological symptoms
may differ significantly between children and parents. We think that these results have to
be corroborated by following the children longitudinally. As children reach an older age,
we believe it will be necessary to perform complete psychopathological examinations con-
sisting of questionnaires and a clinical interview performed by a trained psychotherapist.

5. Conclusions

In conclusion, our study supports previous findings on a higher incidence of neuro-
psychological, cognitive, and psychopathological sequelae after HIE in children treated
with TH. As hypothesized, TH does not appear to ameliorate the outcome after neonatal
HIE among children who survive without major sequelae. This points to the importance
of searching for early biomarkers of risk to improve prognosis and allow for prompt re-
habilitation intervention.

Authors’ Contributions: Conceptualization, E.C. and P.S.B.; methodology, E.C., L.V. and D.G.; soft-
ware, L.V. and D.G,; formal analysis, L.V. and D.G.; investigation, E.C.; resources, A.S. and E.M.;
data curation, E.C and L.V.; writing—original draft preparation, E.C.; writing—review and editing,
A.S., EM. and P.S.B.; supervision, P.5.B.; funding acquisition, P.S.B. All authors have read and
agreed to the published version of the manuscript.

Funding: The present work was carried out within the scope of the research program Dipartimenti
di Eccellenza (art.1, commi 314-337 legge 232/2016), which was supported by a grant from MIUR to
the Department of General Psychology, University of Padua.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Azienda Ospedaliera di Padova
(67575 RF-2009-1511075, 19.03.2013.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Data supporting the findings of this study are available from the cor-
responding author on a reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Azzopardi, D.; Strohm, B.; Marlow, N.; Brocklehurst, P.; Deierl, A.; Eddama, O.; Goodwin, J.; Halliday, H.L.; Juszczak, E.; Kapel-
lou, O,; et al. Effects of Hypothermia for Perinatal Asphyxia on Childhood Outcomes. N. Engl. ]. Med. 2014, 371, 140-149,
doi:10.1056/nejmoal315788.

Shankaran, S.; Pappas, A.; McDonald, S.A.; Vohr, B.R.; Hintz, S.R.; Yolton, K.; Gustafson, K.E.; Leach, T.M.; Green, C.; Bara, R.;
et al. Childhood Outcomes after Hypothermia for Neonatal Encephalopathy. N. Engl. ]. Med. 2012, 366, 2085-2092,
doi:10.1056/nejmoal112066.

Lee, B.; Glass, H. Cognitive outcomes in late childhood and adolescence of neonatal hypoxic-ischemic encephalopathy. Clin.
Exp. Pediatr. 2021, doi:10.3345/CEP.2021.00164.

Edmonds, C.J.; Cianfaglione, R.; Cornforth, C.; Vollmer, B. Children with neonatal Hypoxic Ischaemic Encephalopathy (HIE)
treated with therapeutic hypothermia are not as school ready as their peers. Acta Paediatr. 2021, 110, 2756-2765,
doi:10.1111/APA.16002.



Children 2021, 8, 1076 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pappas, A.; Shankaran, S.; McDonald, S.; Vohr, B.; Hintz, S.; Ehrenkranz, R.; Tyson, J.; Yolton, K.; Das, A.; Bara, R.; et al. Cogni-
tive outcomes after neonatal encephalopathy. Pediatrics 2015, 135, e624—-e634, d0i:10.1542/PEDS.2014-1566.
Guillet, R.; Edwards, A.; Thoresen, M.; Ferriero, D.; Gluckman, P.; Whitelaw, A.; Gunn, A. Seven- to eight-year follow-up of the
CoolCap trial of head cooling for neonatal encephalopathy. Pediatr. Res. 2012, 71, 205-209, d0i:10.1038/PR.2011.30.
Cavallin, F.; Rubin, G.; Vidal, E.; Cainelli, E.; Bonadies, L.; Suppiej, A.; Trevisanuto, D. Prognostic role of acute kidney injury on
long-term outcome in infants with hypoxic-ischemic encephalopathy. Pediatr. Nephrol. 2020, 35, 477-483, doi:10.1007/s00467-
019-04406-4.
Suppiej, A.; Cappellari, A.; Talenti, G.; Cainelli, E.; Di Capua, M; Janes, A.; Longo, D.; Mardari, R.; Marinaccio, C; Pro, S.; et al.
Bilateral loss of cortical SEPs predict severe MRI lesions in neonatal hypoxic ischemic encephalopathy treated with hypothermia.
Clin. Neurophysiol. 2018, 129, 95-100, doi:10.1016/j.clinph.2017.10.020.
Merchant, N.; Azzopardi, D. Early predictors of outcome in infants treated with hypothermia for hypoxic-ischaemic encepha-
lopathy. Dev. Med. Child Neurol. 2015, 57 (Suppl. 3), 8-16, doi:10.1111/DMCN.12726.
Wechsler, D. Wechsler Preschool and Primary Scale of Intelligence— Third Edition: Canadian; Pearson Clinical Assessment Canada:
Toronto, ON, Canada, 2002
Wechsler, D. Wechsler Intelligence Scale for Children. 4; The Psychological Corporation: San Antonio, TX, USA, 2003; ISBN
9780495095552.
Bisiacchi, P.; Cendron, M.; Gugliotta, M.; Tressoldi, P.; Vio, C. BVN. Batteria di Valutazione Neuropsicologica per I’Eta Evolutiva;
Erickson: Trento, Italy, 2005; ISBN 9788879467193.
Korkman, M.; Kirk, U.; Kemp, S. NEPSY-II: A Developmental Neuropsychological Assessment, 2nd ed.; Psychological Corporation:
San Antonio, TX, USA, 2007.
Sannio Facello, G.; Vio, C.; Cianchetti, C. TOL Torre di Londra, Test ti Valutazione Delle Funzioni Esecutive (Pianificazione e Problem
Solving); Erickson: Trento, Italy, 2006; ISBN 10887946941X.
Beery, K.E.; Beery, N.A. The Beery-Buktenica Developmental Test of Visual Motor Integration: Administration, Scoring, and Teaching
Manual, 5th ed.; Modern Curriculum Press: Cleveland, OH, USA, 2004.
Achenbach, T.; Rescorla, L. Manual for the ASEBA School-Age Forms & Profiles: An Integrated System of Multi-Informant Assessment;
University of Vermont, Research Center for Children, Youth, &Families: Burlington, VT, USA, 2001.
Conners, C. Conners” Rating Scales-Revised; Multi-Health Systems: New York, NY, USA, 2000.
Saville, D.J. Multiple Comparison Procedures: The Practical Solution. Am. Stat. 1990, 44, 174, doi:10.2307/2684163.
Rothman, K. No adjustments are needed for multiple comparisons. Epidemiology 1990, 1, 43—46.
Kursa, M.B.; Rudnicki, W.R. Feature selection with the boruta package. J. Stat. Softw. 2010, 36, 1-13, doi:10.18637/jss.v036.i11.
Ishwaran, H.; Kogalur, U. Fast Unified Random Forests for Survival, Regression, and Classification (RF-SRC). 2021. R Package
Version 2.13.0, https://CRAN.R-project.org/package=randomForestSRC

R Core Team. R: A language and environment for statistical computing. R Foundation for statistical computing, Vienna, Aus-
tria, 2021. Software version 4.1.2. https://www.R-project.org/
Cameron, C.; Brock, L.; Murrah, W.; Bell, W.; Lorzalla, S.; Grissmer, D.; Morrison, F. Fine motor skills and executive function
both contribute to kindergarten achievement. Child Dev. 2012, 83, 1229-1244, doi:10.1111/].1467-8624.2012.01768.X.
Pellicano, E.; Kenny, L.; Brede, J.; Klaric, E.; Lichwa, H.; McMillin, R. Executive function predicts school readiness in autistic
and typical preschool children. Cogn. Dev. 2017, 43, 1-13, d0i:10.1016/]. COGDEV.2017.02.003.
Miirner-Lavanchy, I; Ritter, B.C.; Spencer-Smith, M.M.; Perrig, W.].; Schroth, G.; Steinlin, M.; Everts, R. Visuospatial working
memory in very preterm and term born children—Impact of age and performance. Dev. Cogn. Neurosci. 2014, 9, 106116,
doi:10.1016/j.dcn.2014.02.004.
Cainelli, E.; Arrigoni, F.; Vedovelli, L. White matter injury and neurodevelopmental disabilities: A cross-disease (dis)connection.
Prog. Neurobiol. 2020, 193, 101845, doi:10.1016/j.pneurobio.2020.101845.
Cainelli, E.; Bisiacchi, P.S.; Cogo, P.; Padalino, M.; Simonato, M.; Vergine, M.; Lanera, C.; Vedovelli, L. Detecting neurodevelop-
mental trajectories in congenital heart diseases with a machine-learning approach. Sci. Rep. 2021, 11, 2574, doi:10.1038/s41598-
021-82328-8.
Cainellj, E.; Vedovelli, L.; Wigley, I.L.C.M.; Bisiacchi, P.S.; Suppiej, A. Neonatal spectral EEG is prognostic of cognitive abilities
at school age in premature infants without overt brain damage. Eur. J. Pediatr. 2021, 180, 909-918, doi:10.1007/s00431-020-03818-
X.
Cainelli, E.; Vedovelli, L.; Bottigliengo, D.; Boschiero, D.; Suppiej, A. Social skills and psychopathology are associated with
autonomic function in children: A cross-sectional observational study. Neural Regen. Res. 2022, 17, 920-928, do0i:10.4103/1673-
5374.322464.
Cainelli, E.; Vedovelli, L. Over-specialization versus synergy in neuroscience: professionals’” integration is more than the sum
of its parts. Neural Regen. Res. 2021, 16, 2232-2233, d0i:10.4103/1673-5374.310676.
Helmstaedter, C.; Witt, J.A. Epilepsy and cognition—A bidirectional relationship? Seizure 2017, 49, 83-89, doi:10.1016/j.sei-
zure.2017.02.017.
Martinez-Biarge, M.; Diez-Sebastian, J.; Kapellou, O.; Gindner, D.; Allsop, J.; Rutherford, M.; FM, C. Predicting motor outcome
and death in term hypoxic-ischemic encephalopathy. Neurology 2011, 76, 2055-2061, doi:10.1212/WNL.0B013E31821F442D.
Myers, R. Two patterns of perinatal brain damage and their conditions of occurrence. Am. J. Obstet. Gynecol. 1972, 112, 246-276,
doi:10.1016/0002-9378(72)90124-X.



Children 2021, 8, 1076 10 of 10

34.

35.

36.

37.

38.

39.

40.

Brockmann, M.; Kukovic, M.; Schonfeld, M.; Sedlacik, J.; Hanganu-Opatz, I. Hypoxia-ischemia disrupts directed interactions
within neonatal prefrontal-hippocampal networks. PLoS ONE 2013, 8, e83074, doi:10.1371/JOURNAL.PONE.0083074.
Domnick, N.; Gretenkord, S.; De Feo, V.; Sedlacik, J.; Brockmann, M.; Hanganu-Opatz, I. Neonatal hypoxia-ischemia impairs
juvenile recognition memory by disrupting the maturation of prefrontal-hippocampal networks. Exp. Neurol. 2015, 273, 202—
214, doi:10.1016/].EXPNEUROL.2015.08.017.

Alkon, A.; Goldstein, L.H.; Smider, N.; Essex, M.].; Kupfer, D.]J.; Boyce, W.T.; Ablow, ].C.; Alkon, A.; Armstrong, ].M.; Harring-
ton, R.; et al. Developmental and contextual influences on autonomic reactivity in young children. Dev. Psychobiol. 2003, 42, 64—
78, d0i:10.1002/dev.10082.

Ellis, B.].; Boyce, W.T.; Belsky, J.; Bakermans-Kranenburg, M.].; Van Ijzendoorn, M.H. Differential susceptibility to the environ-
ment: An evolutionary- neurodevelopmental theory. Dev. Psychopathol. 2011, 23, 7-28, d0i:10.1017/S0954579410000611.

Faa, G.; Manchia, M,; Pintus, R.; Gerosa, C.; Marcialis, M.A.; Fanos, V. Fetal programming of neuropsychiatric disorders. Birth
Defects Res. Part C—Embryo Today Rev. 2016, 108, 207-223, doi:10.1002/bdrc.21139.

Arnsten, A.F.T.; Rubia, K. Neurobiological circuits regulating attention, cognitive control, motivation, and emotion: Disruptions
in neurodevelopmental psychiatric disorders. J. Am. Acad. Child Adolesc. Psychiatry 2012, 51, 356-367,
doi:10.1016/j.jaac.2012.01.008.

Rubia, K.; Halari, R.; Christakou, A.; Taylor, E. Impulsiveness as a tinning disturbance: Neurocognitive abnormalities in atten-
tion-deficit hyperactivity disorder during temporal processes and normalization with methylphenidate. Philos. Trans. R. Soc. B
Biol. Sci. 2009, 364, 1919-1931.



