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Comparison on cognitive performance among schoolchildren born prematurely
according to the presence of intracranial hemorrhage in the neonatal period

Abstract

Objectives: to compare the cognitive performance of schoolchildren born prematurely

according to the presence of intracranial hemorrhage (ICH) during the neonatal period. 

Methods: a cross-sectional cohort study of schoolchildren between the ages of 6–8 years

old, born prematurely with or without a history of neonatal ICH. Between January and

December 2015, some children were followed up at the outpatient clinic of a tertiary hospital

and underwent a cognitive evaluation by using the Wechsler Intelligence Scale for Children,

Third Edition (WISC-III) and they were divided into two groups: those with no history of ICH

(control group) and those with ICH (case group), confirmed by a transfontanelar ultrasound

in the prenatal period.

Results: 39 schoolchildren were included, 21 cases and 18 controls. There was no diffe-

rence in gestational age or chronological age at evaluation between the groups. Also there

was no significant difference in subtest scores between the groups.

Conclusions:  WISC-III evaluated the cognitive performance in children, born preterm,

aged 6–8 years old, and had neonatal ICH did not differ from those of their peers without a

history of ICH. These findings suggest that, in preterm infants, a neonatal diagnosis of ICH

may not be associated with cognitive performance at school age and this should be investi-

gated through a longitudinal study.
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Introduction

The consequences of prematurity in children devel-

opment are now recognized as important indicators

of impaired cognitive development,1,2 especially at

school age, when academic demands become

greater.3 Early identification and intervention are

needed to take advantage of the greater neuroplas-

ticity observed in the neonatal period.4

There is substantial evidence that children born

prematurely have a higher prevalence of cognitive

impairment, as moderate to severe difficulties in

school performance and poor executive function has

been obseved,5 which persists into adolescence and

adulthood when these children are compared to their

peers who were born full term.2,5,6

Among several neonatal complications associ-

ated with prematurity, intracranial hemorrhage (ICH)

is often cited in the literature as a predictor of

abnormal neurological development and reduced

cognitive competence.6-8

Attributed to immaturity of the germinal matrix,

ICH, especially intraventricular hemorrhage (IVH),

is the leading cerebral complication observed in

preterm infants in the first 24–48 hours of life,

particularly in those with a birth weight <1,500 g.

The mechanism of ICH is multifactorial,9 it involves

a combination of vascular and structural immaturity,

hemodynamic factors, and, possibly, inflammatory

and genetic factors that have to be fully investi-

gated.10

The severity of ICH has been evaluated by the

classification proposed by Papile et al.11 In this

scheme, grade I hemorrhage is confined to the

germinal matrix; grade II hemorrhage extends to the

lateral ventricle, without dilatation; grade III hemor-

rhage is associated with the presence of dilatation in

addition to grade II findings; and grade IV also

involves intraparenchymal hemorrhage.10

However, it is still unclear whether those chil-

dren who were born prematurely and had ICH in the

perinatal period will exhibit poor performance on

cognitive evaluation when they reach school age (the

stage of development at which problems related to

cognition are most easily detected).

The use of standardized, culturally adapted, and

validated instruments for assessment of child deve-

lopment, such as the Wechsler Intelligence Scale for

Children, Third Edition (WISC-III),12 has been

recommended as a strategy to promote child health.

The WISC-II is one of the most widely and respected

instruments used worldwide, adapted for multiple

cultures and countries. It was developed for clinical,

psycho-educational, and research settings alike, and

gives possible detailed evaluation of cognitive

capacity in children.12-14

Identifying whether ICH predicts alterations in

the cognitive assessment among children born

prematurely, justifying the interest for further inves-

tigation on this issue. Within this context, the objec-

tive in this present study was to compare the cogni-

tive performance of schoolchildren who were born

prematurely according to the presence or absence of

ICH during the neonatal period.

Methods

This is a cross-sectional study on schoolchildren

aged 6–8 years old who were born at a gestational

age <37 weeks, underwent transfontanelar ultra-

sound in the neonatal period, and were later followed

at the High-Risk Newborn Follow-up Clinic at a

tertiary referral center. The study was conducted at

Hospital Universitário Antônio Pedro (HUAP),

Niterói, Brazil, from January to December 2015.

The schoolchildren recruited for the study were

divided into two groups: a control group (CG) who

were born prematurely and did not present ICH; and

a case group (HG) who were born prematurely and

presented ICH. Children who were clinically stable

and able to maintain the necessary level of attention

to perform the required tasks of the evaluation

instrument were deemed eligible for inclusion.

Children with genetic syndromes, congenital malfor-

mations, visual and/or hearing impairment, severe

enough to preclude testing with the study instrument

were excluded, as were those who developed any

disease (neurological or other) that could compro-

mise the central nervous system between the peri-

natal period and school age.

At the time of the assessment, all the participants

were regularly attending school, with the majority

(95%) of the children who were grade consistent

with their chronological age.

The sampling strategy was composed of consul-

tations and children’s medical records were analyzed

with the purpose of obtaining information about

pathological conditions recorded by the neonatolo-

gist during hospitalization at the HUAP neonatal

intensive care unit. The children’s assessment was

conducted in two sessions. The first session was

reserved for the  completion of a questionnaire to

ascertain each participant’s profile, as well as to

have the first encounter between the psychologist

with the child and parents. During the second

session, the evaluation instrument was administered

to assess cognitive performance. This was done indi-

vidually, in a single session, at the Outpatient Child
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Development Clinic at the Child and Adolescent

Psychiatry Department. The responses were

recorded in protocols of the forms itself for further

analysis and interpretation.

The WISC-III is an instrument designed to eva-

luate the intelligence of children aged 6 to 16 years

11 months old, which enables the construction of the

participant’s cognitive profile based on a model that

emphasizes verbal and nonverbal skills.12 It is orga-

nized into two scales: Verbal (comprising the

subtests on Information, Similarities, Arithmetic,

Vocabulary, Comprehension, and Digit Span) and

Performance or nonverbal (comprising the subtests

on Picture Completion, Coding, Picture

Arrangement, Block Design, Object Assembly, and

Symbol Search). The weighted scores are used to

obtain the full-scale intelligence quotient (FSIQ),

resulting from two subtests groups: the verbal score,

which result in the Verbal IQ (VIQ), and the

Performance score, which results in the Performance

IQ (PIQ). The subtests also provide four “Factor

Indexes” associated with specific competences:

Verbal Comprehension, Perceptual Organization,

Freedom from Distractibility, and Processing Speed.

The results are expressed as the intelligence quotient

(IQ), and distributed in seven categories: very supe-

rior (≥ 129), superior (120–128), high average

(110–119), average (90–109 points), low average

(80–89), and borderline (70–79); scores below 70

suggest intellectual impairment.12

The WISC-III was administered by only one

examiner, and the result was reviewed immediately

after by another examiner. Both were psychologists

with more than 15 years of experience in the field of

child development. At the time of the study, although

the Wechsler Intelligence Scale for Children, Fourth

Version (WISC-IV)14 had already been published,

the decision was made to use the WISC-III, as it was

validated to be used in Brazil until 2018 and it was

already utilized at the Child and Adolescent

Psychiatry Department.

The statistics for gestational age and age at

cognitive assessment, including means, standard

deviations, and confidence intervals, and the diffe-

rences between groups were evaluated by Student’s

t-test. The ICH grades were presented in frequency

forms. To evaluate the weighted scores for each

subtest in both study groups, the Mann–Whitney test

was used to compare after testing for normality of

distribution by the Shapiro–Wilk test. The signifi-

cance level was set at p<0.05.

The statistical analyses were performed by using

the IBM-SPSS Version 18.0 (SPSS Inc.©, Chicago,

Illinois).

This study was approved by the Ethics Research

Committee at the Faculdade de Medicina da

Universidade Federal Fluminense, document number

1,103,474.

Results

One hundred and forty-one schoolchildren who were

born preterm and aged 6–8 years old in 2015 were

enrolled to participate in the study. Of these, 27 met

one or more exclusion criteria, 71 were lost to

follow-up, and four did not want to participate of the

study. The final sample of the study was composed

of 39 children, 21 were born premature and

presented ICH, case group (HG), and 18 who did not

have ICH, and control group (CG), as shown in

Figure 1.

According to the classification of Papile et al.,11

the 21 HG participants were distributed as follows: 6

(28.6%) presented ICH grade I, 9 (42.9%) had ICH

grade II, and 3 (14.2%) children represented grade

III as the participants with the same grade and alike

those with ICH grade IV. 

The mean values and its dispersion indicator

related to the control and case groups, are in relation

to gestational age and age at cognitive assessment as

shown in Table 1.

The assessment results performed by the WISC-

III in examining the intelligence coefficients and to

understand the children’s intellectual function in the

control and case groups are shown in Tables 2 and 3.

Considering that the Wechsler scales have a

mean score of 10 and the standard deviation is 3, the

results obtained show the weighted scores above 10

in all the subtests in both groups, except for the

Information subtest of the Verbal scale, which had a

mean score of <10 weighted points in the case group.

In both groups, the best performance was obtained

in the Figure Completion subtest of the Performance

scale. The lowest values were found for the

Information and Symbol Search subtests in the case

group and for the Comprehension subtest in the

control group, suggesting greater homogeneity in

participants’ performance. In contrast, the subtests

with the highest standard deviation were Vocabulary

(verbal scale) and Block Design (Performance scale)

in the case group and the Arithmetic, Vocabulary,

and Digit Span subtests of the Verbal scale in the

control group. No statistically significant difference

was found in the subtests between the two groups.

Table 3 presents the FSIQ, VIQ, and PIQ values

and WISC-III Factor Indexes. The two groups

obtained average and above-average results as

compared to the normative sample mean, where a
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Figure 1

Flowchart on the selection of the study participants. Niterói-RJ, 2015.

score of 100 on any of the three scales defines the

average performance of a child at a given age.

The control group achieved higher VIQ, PIQ,

and FSIQ mean scores, and performed better in the

Verbal Comprehension and Perceptual Organization

dimensions, when compared to the case group. In

case-group participants, the PIQ mean was higher

than the VIQ mean; a similar discrepancy was found

in the Verbal Comprehension and Perceptual

Organization factor indexes (VCIQ > POIQ). The

control-group children exhibited similar perfor-

mance in the Verbal Comprehension, Perceptual

Organization, and Processing Speed dimensions.

Among the case-group children, the best perfor-

mance was achieved in the Processing Speed dimen-

sion. No significant differences between the groups

were observed for any of the scores (Table 3).

Table 4 shows the percentages of the WISC-III

scores in relation to the IQ categories between the

groups. In both groups, most of the participants fell

into the average category, followed by the high-

average category in relation to FSIQ. Pooling as

classifications, it was observed that 95.5% of the

case-group children were classified as average, high-

average, or superior, while only 9.5% had below-

average intellectual development.

Regarding to verbal and nonverbal performance,

most of the children in both groups were classified

in the average category. Overall, 18 children (85.7%)

in the case group achieved an average or high-

average score, 2 (9.5%) had low-average scores, and

1 (4.8%) was classified as borderline for VIQ. In

relation to PIQ, 100.0% of the children in the case

group were classified as average or high average. In

the control group, 16 children (88.9%) achieved

average or above-average performance, while 2

Initial screening of the participants 

n = 141

Excluded       n = 27

12 due to genetic syndrome, congenital

malformation, visual deficit, neurologi-

cal disease.

15 because they lived more than 80km

from the research site

Called to participate in the study 

n = 114

Did not agree to participate 

n = 4

Were not located

n = 63

Did not attend

n = 8

Participated in the study

n = 39

HG

n = 21

CG 

n = 18

HG = Case group; CG = Control group.
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Table 1

Mean age, standard deviation and confidence interval of children in the CG and HG. Niterói-RJ, 2015.

Variables                                                                     CG (n=18)                                   HG (n=21)                           p

X ± SD            CI95%                X ± SD                CI95%               

Gestational age (weeks) 31.17 ± 3.10 30.30 - 32.04 31.38 ± 3.45 30.54 - 32.23 0.715

Age at the cognitive assessment (years) 7.63 ± 0.18 7.28 - 7.99 7.28 ± 0.65 6.98 - 7.57 0.110

SD= standard deviation; CI95%= 95% confidence interval; CG= control group; HG= case group; p<0,05;Student’s t-test.

Table 2

Results obtained in the WISC-III subtests of children in the CG and HG. Niterói-RJ, 2015.

Groups                                                             CG                                            HG                                p

Subtests                                                                      X ± SD                                       X ± SD        

Information 9.52 ± 1.77 10.05 ± 2.41 0.977

Similarities 11.90 ± 2.40 11.94 ± 2.33 0.932

Arithmetic 11.61 ± 2.47 10.55 ± 3.11 0.054

Vocabulary 10.52 ± 3.54 11.38 ± 3.14 0.977

Comprehension 10.52 ± 2.65 11.16 ± 1.79 0.820

Digit span 11.00 ± 2.77 11.94 ± 3.18 0.403

Figure completation 12.33 ± 2.12 12.66 ± 2.08 0.864

Coding 11.47 ± 2.04 11.55 ± 2.59 1.000

Picture arrangement 10.04 ± 2.67 10.04 ± 2.54 0.561

Block design 10.23 ± 3.03 10.83 ± 2.59 0.523

Object assembly 10.33 ± 2.55 10.27 ± 2.53 0.383

Symbol search 11.38 ± 1.83 11.55 ± 2.59 1.000

WISC III = Wechsler Intelligence Scale for Children-3rd edition; CG = control group; HG = case group; SD = standard
deviation; p<0.05; Student's t-test.

Table 3

Total, Verbal and Execution IQ scores and the WISC-III Factorial Indexes  in the CG and HG. Niterói-RJ, 2015.

Groups                                                              CG                                            HG                              p

WISC-III                                                                      X ± SD                                       X ± SD        

Full scale IQ 103.54 ± 11.71 107.33 ± 12.14 0.877

Verbal IQ 105.00 ± 9.69 106.27± 19.09 0.822

Performance IQ 106.23 ± 9.26 107.83 ± 12.78 0.800

Verbal comprehension 101.95 ± 10.63 106.16 ± 11.44 0.526

Perceptual organization 103.71 ± 10.80 106.11 ± 11.27 0.855

Freedom from distractibility 105.76 ± 12.80 105.83 ± 17.44 0.612

Processing speed 106.28 ± 9.29 106.94 ± 15.51 0.821

WISC III = Wechsler Intelligence Scale for Children-3rd edition; CG = control group; HG = case group; SD = standard
deviation; IQ = intelligence quotient; p<0.05; Student's t-test.
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(5.6%) had unsatisfactory performance, one in the

low average category and the other in the borderline

category (Table 4).

Table 4

Percentages on the WISC-III scores for the different categories of Total IQ, Verbal IQ and Execution IQ for CG and HG.

Niterói-RJ, 2015.

IQ categories *                         IQ Indexes*                                CG                                                      HG   

QVI                IQE           TIQ               QVI             IQE                TIQ    

Far superior (≥ 129) 0.0 0.0 0.0 5.6 5.6 0.0

Higher (120-128) 0.0 4.8 4.8 0.0 11.1 16.7

Average higher (110-119) 38.1 33.3 28.6 38.9 33.3 33.3

Average (90-109) 47.6 61.9 57.1 44.4 44.4 44.4

Lower average (80-89) 9.5 0.0 9.5 5.6 5.6 0.0

Bordering (70-79) 4.8 0.0 0.0 5.6 0.0 5.6

* Reprinted from Wechsler.12

WISC III = Wechsler Intelligence Scale for Children-3rd edition; CG = control group; HG = case group; IQ = intelligence
quotient; QVI = quotient of verbal intelligence; IQE = intelligence quotient execution; TIQ = total intelligence
quotient.

Discussion

Prematurity and the presence of ICH in the neonatal

period constitute risk factors for development at

different stages of later life, but especially during

school age, when cognitive difficulties become more

noticeable.3 However, in this present study, the vast

majority of the schoolchildren in both groups, with

and without a history of neonatal ICH, exhibited

average intelligence, indicating adequate intellectual

performance. Regarding to cognitive performance,

the scores were within the mean range as compared

to the normative sample, where a score of 100 on

any of the three WISC-III scales defines the average

performance of a child at a given age.12

Performance on the FSIQ, VIQ, PIQ, and Factor

Indexes was not associated with ICH, although

comparison of the two groups showed numerically

poorer FSIQ, VIQ, PIQ, Verbal Comprehension, and

Perceptual Organization performance in the case

group.

Consistent with the well-established finding that

preterm children with grade I and II ICH tend to

recover well but may present developmental impair-

ments when compared to children without this

condition,8,15,16 the WISC-III results showed a small

discrepancy, as for the children in the case group,

they had lower VIQ, PIQ, and FSIQ scores

compared to the controls, although the children in

both groups had a normal intellectual level.

There was no widespread impairment of cogni-

tive function in any of the study participants, contra-

dicting the findings of a previous study.17 Only in

the Information subtest, which evaluates organiza-

tion, memory efficiency, and level of knowledge, did

the participants in the case group achieve a mean

score <10 weighted points. No relevant changes

were observed in the other cognitive functions

assessed. Other authors1,2 have reported specific

cognitive impairments in children with this condi-

tion; attention, memory, visuomotor skills, dyscal-

culia, and deficits in processing speed and executive

function are among those most often cited.

A study conducted in France found that 68% of

children born at a gestational age <32 weeks had

normal cognitive performance at age 6–10 years old,

18% had minor impairments, and 14% had major

disorders.18 These results are partially consistent

with those of the present sample. A review of chil-

dren born at a gestational age <33 weeks found that

their IQ scores at age 5–11 years old were in the

average range,19 a finding similar to those of the

present study.

A cohort investigated the association between

ICH severity and cognitive development in children

with birth weight <1000 g and gestational age <28

weeks at 8 years of age found cerebral palsy, motor

impairments, and major sensorineural deficits in

those with a history of grade IV ICH, and worsening

performance on cognitive functioning domains with
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increasing ICH severity. These children with severe

ICH represented a small portion of the sample, and

no significant impairment was observed in those

with lower-grade of ICH.20 These findings are

similar to those of the present sample, especially

given that these were preterms born >31 weeks;

those born at a gestational age <30 weeks are more

vulnerable and have a worse prognosis in the pres-

ence of ICH, because in addition to the risks of

prematurity itself, they are at the peak stage of

neovascularization and thus have higher odds of

hemorrhage.9

Few follow-up studies on preterms with ICH

have been found in literatures.7,15,16 Among these

few, most have been medium and long-term investi-

gations and used the WISC-III to evaluate cognitive

performance. Considering this literature gap, we

expanded our theoretical framework to include

studies that did not approximate our population as

closely, such as those performed with preterms

younger than 28 weeks and a chronological age older

or younger than that in our sample.6-8,15-18

The greatest limitation of our research was the

lack of a longitudinal study that would have allowed

evaluation of changes in participants’ cognitive

development over time. We used a sample of chil-

dren who had been admitted to a neonatal intensive

care unit after birth and later referred to an outpa-

tient clinic; however, most never returned for follow-

up, which necessitated the use of a convenience

sampling strategy. This, together with the small

sample size, may have hindered detection of statis-

tical differences.

The favorable outcomes obtained in the cogni-

tive performance assessment in this sample may be

attributable to the follow-up care received by the

children who attended our outpatient clinic at least

until 24 months of age, which is provided by a multi-

disciplinary team consisted of a neonatologist, nurse,

dietitian, and psychologist and includes guidance on

essential developmental stimulation for parents or

guardians. Interventions such as playing, reading,

and tactile and/or motor stimulation during the early

childhood period (0–3 years) can help improve

neurocognitive function throughout life.21

In this present study, children at age 6–8 years

old, the WISC-III measures cognitive performance

in preterm children who had neonatal ICH did not

differ from those of their peers without a history of

ICH. Within our context, these findings suggest that

a neonatal diagnosis of ICH in preterms may not be

associated with cognitive performance at school age,

in which this should be investigated through a longi-

tudinal study.
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