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What do we know about the subject matter of this study?

Extensive intraventricular hemorrhage in very premature newborns
causes varied, frequent, and severe neurological sequelae in the long
term, mainly affecting motor functions such as gait or mobility, in-
tellectual capacity, and therefore cognitive performance, which im-
pacts health, autonomy, and family and social integration.

Abstract

Extensive intraventricular hemorrhage (IVH) in very preterm newborns (VPNB) is associated with
mortality and severe long-term neurological sequelae. Objectives: To know the most frequent neuro-
logical pathologies associated with extensive IVH, to determine the functional outcomes of mobility
in the motor area and intellectual capacity in the cognitive area, to analyze the association between
both areas and to know the schooling achieved. Patients and Method: Descriptive and longitudi-
nal study in VPNB with extensive IVH born between 2001 and 2014. They underwent protocolized

What does this study contribute to what is already known?

Through a neuro-pediatric follow-up program until school age, it
was possible to clinically observe in children with history of being
very premature and with extensive intraventricular hemorrhage,
the functional performance in mobility (according to gait) and in
the cognitive area (according to intellectual capacity), grouping
them by levels of functionality. This work provides a more optimis-
tic view in relation to the expectations of neurological functionality
and autonomy in very preterm newborns with extensive intraven-
tricular hemorrhage in the long term.
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neurological follow-up until school age. The functional outcomes in mobility and intellectual capa-
city were categorized into 4 levels: level 1 corresponds to good functionality and autonomys; level 2,
functionality that allows independence, with support in some tasks; level 3 requires constant external
support; and level 4 where there is total dependence. The association was analyzed using Chi-square
and Cramer’s V coefficient. Results: 74 children completed the follow-up; the most frequent as-
sociated neurological pathologies were neurodevelopmental disorders, hypertensive hydrocephalus,
and epilepsy. Independent mobility (normal or with limitations) reached 74.4% while 24.3% used
wheelchairs. 51.3% was categorized as normal to borderline intellectual range, 12.2% as mild in-
tellectual disability (ID), 17.6% as moderate ID, and 19.9% as severe to profound ID. There was a
strong statistical association between functional levels of mobility and intellectual capacity (p < 0.000
and V = 0.62). Schooling was proportional to intellectual capacity: 56.8% attended regular schools,
27.0% attended special schools, and 16.2% had no schooling. Conclusions: 2/3 VPNB with extensive
IVH showed positive functional outcomes, from normal to mild limitations that allow an almost
autonomous life; in 1/3 the outcomes were unfavorable in mobility and cognitive performance, and
there was a strong statistical correlation between both areas studied. Schooling was consistent with
the intellectual level.
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Introduction

In newborns younger than 32 weeks of gestation,
one complication is intraventricular hemorrhage
(IVH), defined as bleeding from the subependymal
germinal matrix adjacent to the caudate nucleus into
the lateral ventricles, which are irrigated mainly by
perforating branches from the anterior and middle ce-
rebral arteries™?. Its pathogenesis is multifactorial and
is associated with the severe immaturity of the vessels
at birth. The vascular fragility of the germinal matrix,
caused by immature vessels, is a key factor as they are
undifferentiated, without a basement membrane, and
vulnerable to variations in cerebral blood flow and
blood pressure’, worsened by frequent coagulation
disorders, as well as respiratory and hemodynamic
instability that usually come along with multiple pre-
and post-natal complications**. 80-90% of IVHs oc-
cur within the first 72 hours of life, and virtually 100%
within the first 10 days®. In recent decades, survival
of very preterm newborns (VPNB) has increased and
IVH has become a pathology of great interest due to its
incidence and neurological sequelae.

Cranial ultrasound has been a good and useful tool
to identify the onset and evolution of IVH in VPNB,
offering the advantages of being a painless, non-inva-
sive test, which is performed in the neonatal intensive
care unit, can be repeated whenever necessary, without
harmful effects on children, and can be complemented
with a brain CT scan or MRI when there are doubts or
when surgery is required’.

The Papile et al. classification is commonly used to
determine the extent of IVH. This classification is di-
vided into four grades according to severity®:

+  Grade I: Subependymal hemorrhage
+  Grade II: IVH without ventricular dilatation
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»  Grade III: IVH with ventricular dilatation
*  Grade IV: IVH with ventricular dilatation and ex-
tension to parenchyma

The neurological evolution and clinical progno-
sis are proportional to its extension, with favorable
outcomes in IVH grades I and II and of high risk of
neurological sequelae in IVH grades III and IV7, also
called extensive IVH (EIVH), which, in the short
term, can determine the appearance of epilepsy, hy-
drocephalus, among others and, in the long term,
motor, cognitive, and neurodevelopmental disorders
due to damage in the parenchyma and germinal ma-
trix>'®!, In addition, other lesions or malformations
such as periventricular leukomalacia, ex vacuo ven-
triculomegaly, hydrocephalus, etc., can be detect-
ed'>. The incidence and severity are directly related
to the degree of immaturity and lower birth weight.
In Chile, the latest data published in 2007 showed
that 28% of VPNBs present some degree of IVH, and
13% present EIVH™.

VPNBs with EIVH present motor, sensory, and
cognitive sequelae, and other neurological pathologies
such as epilepsy, extrapyramidal symptoms, learning
and speech disorders, and autism, among others'>'¢.
The objectives of this study are to recognize the most
frequent pathologies or neurological complications di-
agnosed in VPNB with EIVH, to determine in school
children with a history of VPNB with EIVH the func-
tionality in the gross motor area according to mobility
level and in the cognitive area according to intellectual
capacity, to analyze whether there is a statistical asso-
ciation between the outcomes of functional levels of
mobility and intellectual capacity in VPNB with EIVH,
and to know the type of schooling achieved by the chil-
dren according to the cognitive level.
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Patients and Method

Observational, descriptive, longitudinal, and ambi-
spective study that included all VPNB with gestational
age from 24 to 31 weeks born in the Neonatology Ser-
vice of the Hospital Barros Luco between 2001 and 2014
that presented EIVH in the neonatal period and sur-
vived, and whose pathology was defined as IVH grade
I or IV of uni- or bilateral location. The diagnosis was
made by brain ultrasound performed before 7 days of
life, at 30 days, and at discharge or 40 weeks of correct-
ed age.

The population assigned to our hospital, includ-
ing pregnant women, is geographically located in
the southern area of Santiago, is considered of medi-
um-high to high social priority"’, users of the public
health system and seen in Institutional Care Modali-
ty; and presents socio-economic, cultural, and genetic
proximity homogeneity'®.

All premature infants weighing < 1,500 grams and/
or < 32 weeks who were born at the Hospital Barros
Luco are referred to the Prematurity Follow-up Pro-
gram upon discharge from the hospital, whose proto-
col establishes serial medical check-ups from 40 weeks
of corrected age up to 7 years of age or more if nec-
essary; both pediatric check-ups in the Neonatology
Service and neurological and rehabilitation visits at the
Hospital Exequiel Gonzalez Cortéz". The VPNB with
EIVH underwent a neurological examination accord-
ing to the standardized guidelines of the specialty to
evaluate the abilities, conditions, and functionalities in
the different areas of the specialty such as the motor,
sensory, cognitive, behavioral, and neurodevelopmen-
tal ones, among others, and all pertinent information
was recorded in the respective follow-up clinical re-
cords.

Given the great diversity and disparity in the clini-
cal diagnoses and magnitude of the sequelae in the mo-
tor and cognitive areas, it was decided to evaluate the
functional outcomes in gross motor skills according to
independence and gait quality, as well as to evaluate
the cognitive functional outcomes according to intel-
lectual capacity. The functional outcomes in both areas
were categorized into 4 levels: Level 1 represents good
functionality and autonomy; Level 2 has a function-
ality that allows independence but with slight limita-
tions and the need for support in some tasks; Level 3
requires constant and greater external support to de-
velop this motor or cognitive function; and Level 4 has
poor functionality with total dependence on others
(table 1).

To categorize the level of mobility through gait, the
2008 Gross Motor Function Classification System-Ex-
tended and Revised (GMFCS-E&R) for cerebral palsy
by Palisano et al.?® was applied and adapted to 4 func-

ORIGINAL ARTICLE

tional levels: Level 1 presents independent and normal
gait; Level 2 presents independent gait but with func-
tional limitations; Level 3 presents independent gait
only if they use assistive devices such as canes, crutch-
es, or walkers; in Level 4, mobility with devices is very
reduced and/or requires a wheelchair.

The categorization of cognitive level according to
intellectual capacity was obtained by clinical assess-
ment and, in some cases, by individual standardized
tests. Based on the guidelines for intellectual develop-
ment disorders of the Diagnostic and Statistical Man-
ual of Mental Disorders DSM-5, intellectual capacity
was clinically determined considering the evaluation of
receptive and expressive language, literacy acquisition,
memory, academic skills, learning, executive func-
tions, and abstract thinking.

The Wechsler Intelligence Scale for Children
(WISC) is the most widely used test and is validated
in children over 6 years of age. It allows an objective
evaluation of the development of verbal comprehen-
sion, visual-spatial, fluid reasoning, working memory,
and processing speed, establishing an 1Q score with
automatic categorization of the cognitive level?’; how-
ever, considering that it is a very limited resource, it
was indicated in selected cases when there was clinical
uncertainty about the capacity or intellectual level. In
those who did not undergo the WISC test, a homolo-
gation was performed in the IQ score ranges of this test
based on the clinical evaluation and DSM-5 criteria®
where the children were categorized in a cognitive level
according to the following guideline:

Level 1 or normal to borderline IQ (IQ > 70): nor-
mal intellectual performance; in the case of borderline
intelligence, there is a deficit in the adaptive capacity in
at least two areas such as academic, social, interperson-
al, occupational, family, and self-care, therefore, they
require intermittent support at different stages of their
development.

Table 1. Functionality Levels of mobility and intellectual
capacity

Functionality Gait Autonomy

Intellectual Capacity

Level (Motor Area) (Cognitive Area)
1 Normal Normal to Slight
Limitations
2 Independent with slight Mild ID
limitations
3 Requires assistive devices Moderate ID
4 with devices is very Severe ID
reduced or using
wheelchairs

ID: Intellectual Deficit.
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Level 2 or mild intellectual disability (ID) (IQ 50-
69): individuals often present expressive and receptive
language delay, difficulties in learning reading, writ-
ing, and mathematics, are socially immature, manage
to learn appropriate social skills, and need support in
many tasks.

Level 3 or moderate ID (IQ 36-49): individuals can
achieve language or learn to communicate, have lim-
ited social and comprehension skills, maintain a good
degree of independence, need constant support, and
can attend elementary or special school with help.

Level 4 or severe to profound ID (IQ < 35): indi-
viduals present limited spoken language with only a
few words or mostly nonverbal with little understand-
ing and maladaptive behavior. Also, extreme cognitive
limitations, often with sensory and/or physical impair-
ments, and continued support and supervision in any
basic, daily activity are essential.

The type of schooling achieved by the children in
the different cognitive levels was determined, iden-
tifying whether they attended regular schools, regu-
lar schools with School Integration Program, special
schools, or no attend to school at all. Along with the
motor and cognitive categorization, the neurological
pathologies that appeared in the long-term follow-up
were recorded, such as epilepsy, ataxia, blindness, hy-
poacusis, autism, and attentional and language deficit
disorder, among others.

To determine whether there is a statistical associ-
ation between the levels of mobility functionality and
intellectual capacity, a contingency table was used to
test the hypothesis of independence based on the chi-
square distribution with a significance level of 5%. The
Cramer’s V association coefficient was used to deter-
mine the strength of the association.

Patients were excluded from the study if they had
died or dropped out of follow-up before 6 years of age
after discharge. This study was approved by the Sci-
entific Ethical Committee of the South Metropolitan
Health Service (code 03-14012022).

Results

During the period studied, 1,784 VPNB were born
in the Neonatology Service, of which 1,312 survived
(73.5%); 19.5% of the deceased VPNB had EIVH as an
associated diagnosis. Among the survivors, there were
86 children with EIVH (6.6%) who were included in
the study and entered the Preterm Follow-up Program;
of these, 25 (29.1%) were female, 14 (16.3%) were
small for gestational age, and 40 (46.5%) had a gesta-
tional age < 28 weeks. During the period of check-ups
and observation up to school age, 6 children died and
6 patients did not continue attending the check-ups,
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so finally the study and neurological follow-up were
completed with 74 patients out of 80 possible (92.5%).

The most frequent neurological complications
were neurodevelopmental disorders (45.9%) which,
in decreasing order, were: attention deficit, learning
disorders, mixed language disorders, and autism spec-
trum disorders; epilepsy (36.5%), and hypertensive
hydrocephalus with ventricular shunt placement in 26
patients (35.1%) (table 2).

Table 3 shows the outcomes in the levels of motor
and cognitive functionality. In the motor area, 74.4%
presented independent gait (with or without limita-
tions); mobility using a wheelchair or mobility aids
(Level 4) reached 24.3%.

In relation to the cognitive area, 51.3% of the VPNB
were categorized in Level 1 or normal to borderline in-
tellectual range, 12.2% in Level 2 or mild ID, 17.6%
in Level 3 or moderate ID, and 18.9% of the children
in Level 4 or severe to profound ID. Schooling in the
VPNB with EIVH reached 56.8% attendance at regular
schools (with or without School Integration Program),
27.0% at special schools, and 16.2% had no schooling
(table 4). If we observe this distribution according to

Table 2. Neurological pathologies diagnosed in
very preterm newborn (VPNB) with extensive
intraventricular hemorrhage (EIVH)

Pathologies n %
Neurodevelopmental disorders 34/74 45.9
Epilepsy 27174 36.5

Hydrocephalus with ventricular shunt ~ 26/74 35.1
placement

Periventricular leukomalacia multicystic ~ 8/74 10.8

Hypoacusis requiring hearing aids 6/74 8.1
Blindness < 20/200 3/74 4.1
Cerebelar disorder 1/74 1.4

Table 3. Outcomes in levels of motor and cognitive
functionality in very preterm newborn (VPNB) with
extensive intraventricular hemorrhage (EIVH) at
school age

Area Motor Area Cognitive Area
Levels n % n %
Level 1 44 59.5 38 51.3
Level 2 11 14.9 9 12.2
Level 3 1 1.3 13 17.6
Level 4 18 24.3 14 18.9
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Table 4. Distribution outcome of schooling in very preterm newborn (VPNB) with extensive intraventricular hemorrhage (EIVH)

according to cognitive level

Type of Schooling Level 1 Level 2 Level 3 Level 4 Total

n % n % n % n % n %
Regular School 27 711 0 0.0 0 0.0 0 0.0 27 36.5
Regular School with integration program 11 28.9 4 44.4 0 0.0 0 0.0 15 20.3
Special School 0 0.0 5 55.6 12 92.3 3 21.4 20 27.0
Not attending to school 0 0.0 0 0.0 1 7.7 11 78.6 12 16.2
Total 38 100 9 100 13 100 14 100 74 100

Table 5. Correlation between levels of motor and cognitive functionalities in very preterm newborn (VPNB) with extensive

intraventricular hemorrhage (EIVH)

Levels of Cognitive Functionality Total x? (gl) V-Cramer*
Level 1 Level 2 Level 3 Level 4 %) prll
n (%) n (%) n (%) n (%)
Levels of Level 1 n (%) 36 (48.6) 4 (5.4) 4 (5.4) 0 (0.0) 44 (59.4)
][Eztc‘iirona”ty level 2 n(%) 2 (2.7) 4 (5.4) 5 (6.8) 0 (0.0 1(14.9) 54560 o
Level3 n(%) 0 (0.0 1 (1.4) 0 (0.0) 0 (0.0) 1 (1.4) 5 < 0.00 ’
Level 4 n(%) 0 (0.0) 0 (0.0) 4 (5.4) 14 (18.9) 18 (24.3)
Total n(%) 38(51.3) 13(12.2) 14 (17.6) 5(18.9) 74 (100)
*Qutcome between 0,6 and 1 indicates a strong association.
cognitive level, we can see that all children in cognitive Discussion

Level 1 attend regular schools and mostly without a
school integration program, of the children in cogni-
tive Level 2, 44.4% were able to attend regular schools
with school integration support, and the rest attended
special schools; those in Level 3 attended only special
schools and, finally, most children in Level 4 (78.6%)
did not attend school at all.

Regarding the correlation between functional lev-
els of mobility and intellectual capacity in VPNB with
EIVH, table 5 shows a tendency to group the children
categorized in the best functional levels in both areas
and the same occurs with the worst functional levels;
48.6% were categorized in functional Level 1 in both
areas and 18.9% of the total were categorized in Level
4 in both areas (wheelchair users and severe to pro-
found ID). The statistical analysis of the same table
shows that the hypothesis of independence (no asso-
ciation) between the variables mobility level and cog-
nitive level was ruled out by the Chi-square test with a
chance probability < 1 per 100,000 (p < 0.000), thus
confirming an association or interdependence between
the outcomes of intellectual functionality and mobili-
ty in VPNB with EIVH in the long term. The value of
Cramer’s V association coefficient was 0.62 indicating
a strong relationship between both areas.

The Neonatology Service of the Hospital Barros
Luco and the Pediatric Neurology Service of the Hos-
pital Exequiel Gonzdilez Cortés have worked together
and in coordination for more than two decades in
the follow-up of premature infants to avoid, reduce,
or reverse neurological problems, especially in the
motor and cognitive-behavioral spheres, with the
follow-up protocol of the Ministry of Health accord-
ing to the technical guidelines of 2,000". Premature
infants represent a population at high neurobiolog-
ical risk, and with EIVH they are at even higher risk
of presenting neurological sequelae in frequency and
severity*»®. Studies show that 50-75% of preterm
infants with EIVH have some variety and degree of
long-term cerebral palsy and 45-85% have some de-
gree of ID and will require significant special educa-
tion support*¥.

Neurodevelopmental disorders were the most
frequently diagnosed neurological pathologies in
VPNB with EIVH (45.9%), their frequency could be
higher if we admit that ID interferes with or masks
these diagnoses; in addition, one-third of the chil-
dren under study presented epilepsy and hyperten-
sive hydrocephalus (36.5% and 35.5%, respectively),
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pathologies that can produce long-term neurological
problems. These figures coincide with published re-
sults?.

When observing the outcomes of independent mo-
bility, without aid devices (mobility Levels 1 and 2), we
found that 74.4% of the children presented an inde-
pendent gait. The literature and clinical practice teach
us that efficient rehabilitation and early intervention
allow for improving motor, intellectual, and neuro-
developmental outcomes**. 82.4% of the children
received neuromotor rehabilitation mostly for more
than one year and those who did not receive it gener-
ally corresponded to children with very severe neuro-
logical damage where therapy was directed to medical
survival goals.

In the cognitive area, it was observed that half of
the children (51.3%) presented normal to borderline
intellectual capacity (Level 1), which is a good func-
tional outcome, given that they are independent, at-
tend regular schools, and are integrated in family and
social life with productive work. On the contrary, chil-
dren in cognitive Level 4 or with severe to profound ID
(18.9%), are dependent on help in all aspects, being the
cognitive functional outcome definitely unfavorable.

Cognitive Levels 2 and 3 corresponding to mild and
moderate ID fall between the outcomes of normal and
very limited intellectual capacity. These children pres-
ent a variable deficit in social, conceptual, practical,
and executive skills; however, they can develop simple
cognitive tools for everyday challenges with reasonable
expectations in a favorable environment, which pro-
duces in the families and community a sense of sat-
isfaction for the outcomes achieved, even if they are
not objectively the best. This makes us reflect on the
intellectual performance of children with intermediate
cognitive level since functionality is not only given by
the IQ scale, but how their intellectual skills and limita-
tions are integrated in an environment that is unique
in expectations and demands for each child, in other
words, the cognitive deficit depends on the difficulties
produced by the ID in daily life®".

It is always useful to remember the discouraging
expectations of survival and neurological prognosis in
the neonatal period and to confront it with the func-
tional outcomes in the long term. Both for the relatives
and for the professional team, most of the time there
is a feeling of “it was better than expected”; we cannot
forget the high neurological risk to which the VPNBs
were exposed due to immaturity, hypoxic-ischemic
phenomena, hemorrhage and perinatal brain injuries,
neurological complications, socio-economic prob-
lems, and difficult access to rehabilitation and special
education, among others®.

Reports in publications with patients in similar
conditions show that between 60-80% of good cogni-
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tive range was obtained*. It should be clarified that it
was difficult to obtain published data to compare our
results, given that the study design was very particular
in selecting only VPNB with EIVH and not the total
number of preterm newborns in cohorts, and due to
selecting only functional outcomes in gait and 1Q, in
addition to categorizing the outcomes in levels.

One of the weaknesses of our work was not being
able to universally use the WISC test as a tool to de-
termine IQ and as a criterion to define the degree of
ID. The main reason was the professional resource
of psychologists at the institutional level; therefore, it
was only applied to certain children when there were
doubts about their IQ range. However, its application
in patients with clinically normal intellectual ability is
not necessary, and in cases of moderate to profound
1D, it is not as useful. The measurement of 1Q is fre-
quently used to determine intellectual capacity and
thus the degree of ID; however, its use is currently
more directed to document the presence of ID, which
becomes very suggestive if the IQ is < 70%. The ho-
mologation of the IQ ranges of the WISC test obtained
according to the clinical cognitive assessment guideline
based on the DSM-5 to support the categorization of
the intellectual level in children seems to us a valid and
replicable strategy to respond to the objectives of the
work.

Half of the children (48.6%) developed a good
functional level both in mobility and IQ (Level 1) and
18.9% of the children showed the lowest outcomes in
both areas (Level 4). These figures agree with similar
studies but of different designs'!. One of the objectives
was to verify if there is an association between the vari-
ables studied in the VPNB with EIVH, confirming the
dependence between the functional outcomes of mo-
bility and IQ with a strong intensity of relationship
(table 4). This association of long-term neurological
sequelae was expected given that EIVH and other brain
injuries occur in a critical period of rapid growth and
encephalic development®. In related publications, it is
mentioned that the high rates of neurological sequel-
ae in these patients are attributable to some extent to
prematurity®, but that poor outcomes are exacerbated
in those who also have EIVH'>*. A point of contro-
versy was to have made the diagnosis of EIVH without
distinguishing between unilateral and bilateral lesions.
Some articles do not find significant differences in
long-term outcomes, while others do***.

The VPNBs require specialized school attention®®
and we did not have great expectations of the school
goals of these patients who also suffered from EIVHY.
It was interesting to observe that 56.8% of the chil-
dren evaluated received regular education, although a
third of them were supported by a school integration
program, and almost all of them belong to Level 1 or
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normal to borderline intellectual range. It was expect-
ed that the schooling received by children with lower
cognitive levels of intellectual performance would be
only special education or none at all since the type of
schooling or teaching received depends on the intellec-
tual level of each child. This information is similar to
the data provided by other groups of researchers where
the rates of educational and learning problems exceed
50%72"%, Just as additional information, it is interest-
ing to know that the academic performance of those
who received regular education was generally low; in
addition, the implementation of school integration
programs is usually not enough for the pedagogical
support and/or rehabilitation of children with special
educational needs*..

Given the homogeneity of the population, we did
not consider other external factors that influence neu-
rological outcomes in the long term, such as socio-
economic status, mental and emotional situation of
parents or caregivers, family dysfunction, or others.
Finally, the outcomes obtained in VPNB with EIVH in
motor and intellectual functionality, including school-
ing, provide relevant information in the long-term
follow-up of premature infants, since this is the most
vulnerable subgroup with the highest bio-neuro-psy-
cho-social risk, and allow recommendations to be
made to improve health services and educational tasks.

Conclusions

This study shows the long-term outcomes of the
neurological area in VPNB with a diagnosis of EIVH.
Most of the children (two out of three) achieved posi-
tive or favorable functional outcomes given that Level
1 was normal and Level 2 corresponds to limitations
that allow them to develop an independent, produc-
tive, and integrated life in society and family and one-
third of the children obtained functional outcomes
classified as unfavorable (Levels 3 and 4), if we con-
sider that the latter are not autonomous and require
constant external support depending on the degree of
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intellectual and/or mobility deficit. There is a strong
statistical association between the functional outcomes
achieved in the motor and cognitive areas. Most of the
children received schooling and the type of schooling
was concordant and proportional to the cognitive level.
Premature infants in general, and even more so those
with perinatal EIVH, require support in the medical,
rehabilitation, educational, and social areas through-
out their development, given the high neurobiological
risk conditions.
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