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Abstract

Objective
Intraventricular hemorrhage (IVH) is a significant concern for 
premature very low birth weight (VLBW) neonates worldwide. 
Recently, the popular theory of the benign nature of low-grade IVH 
has been argued with uncertain outcomes. This study aimed to assess 
the effect of low-grade IVH on the neurodevelopment of VLBW 
neonates.

Materials & Methods 
This six-month follow-up cohort study was conducted on VLBW 
neonates with and without grade I-II IVH diagnosed through brain 
ultrasonography. Participants were neurologically examined at birth 
and within six months. Neurodevelopment was assessed using the 
Bayley-III questionnaire, which includes evaluating cognition, 
receptive language, expressive language, fine motor, and gross motor 
performance.

Results
A total of 100 VLBW neonates were recruited, including 40 cases 
with grade I-II IVH diagnosed through brain ultrasonography and 60 
controls. Cases and controls were similar in terms of gestational age, 
body birth weight, hospitalization duration, gender distribution, and 
age at Bayley-III evaluation (P>0.05). The neurological assessments 
at birth showed no significant difference between the two groups 
(P=0.20), while controls showed significantly better results at the sixth 
month of age (P =0.004). Concerning different neurodevelopmental 
indices, after adjusting for demographic characteristics and 
respiratory-related variables at the time of Bayley-III evaluation, 
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controls presented a higher performance in cognition and gross motor 
aspects compared to cases (P= 0.04 and 0.03, respectively).
Conclusion 
The low-grade IVH affected the sixth-month neurological examination 
and gross motor performance of the VLBW newborns. Notably, 
cognition and gross motor were the two affected subscales in the 
presence of low-grade IVH, independent of demographic factors. 
Keywords: Very low birth weight neonate; Intraventricular 
hemorrhage; Bayley-III; Premature; neurodevelopment.
DOI: 10.22037/ijcn.v16i3.32958

Introduction
Due to advances in neonatal care and improved 
performance of the preventive approaches, 
which can be attributed to the identification of 
prematurity-related risk factors and the remarkable 
improvement in the handling of premature infants, 
there has been a considerable decline in the 
incidence of intraventricular hemorrhage (IVH) 
over time. IVH is estimated to occur in 15-45% 
of very low birth weight (VLBW) neonates (1, 2). 
The first postnatal day of life is critical for VLBW 
neonates, considering that up to 50% of IVH 
onset on this day (3). Also, it is reported that over 
90% of the IVHs detect in the first week of life, 
regardless of the gestational age. Therefore, head 
ultrasonographic screening has been considered a 
routine way of IVH determination (4, 5).
Papile et al., in 1978, introduced a four-grade 
classification for the premature IVH for the first 
time, which is as follows: grade I, defined as 
subependymal germinal matrix hemorrhage, grade 
II, identified as lateral ventricle hemorrhage without 
ventricular dilatation, grade III, known as dilatation 
of lateral ventricles due to the hemorrhage, and the 
worst condition is attributed to grade IV of IVH 
identified by parenchyma involvement in addition 

to the lateral ventricles hemorrhage that is recently 
named as periventricular hemorrhage infarction as 
well (6, 7).
The long-term neurodevelopmental impairment 
due to grades III and IV of IVH observed in the 
sonographic evaluations has been well-established 
(2, 8), while the effects of grades I and II of IVH were 
heterogeneous. Despite the general belief in the 
benign nature of grades I and II of intraventricular 
hemorrhage, recent studies have demonstrated 
an increased risk of adverse neurodevelopmental 
outcomes due to grade II - and even grade I - of 
IVH, while some other papers disagree (9-11).
As the evidence about the effects of grades I and 
II of IVH on neurodevelopmental outcomes are 
still inconclusive, this study aimed to assess the 
six-month neurodevelopment status of VLBW 
neonates with low-grade IVH in the Iranian 
population.

Material & Methods
Study Population 
Following a cohort design, 100 VLBW neonates 
hospitalized at the neonatal intensive care unit 
(NICU) of Alzahra, Shahid Beheshti, and Emam 
Hossein Hospitals, affiliated to Isfahan University 
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of Medical Sciences, were recruited from 
September 2017 to June 2019. The sample size was 
determined based on previous similar studies (12, 
13). All VLBW neonates had less than 34 weeks 
of gestational age, and grade I-II intraventricular 
hemorrhage was diagnosed with sonography. 
Written informed consent was obtained from legal 
guardians of neonates before entering the study 
and after a comprehensive introduction to the 
study protocol.
The cases that met the inclusion criteria were 
included through simple sampling, while another 
group of VLBW neonates, which did not have 
any grade of IVH and had no prematurity-related 
complication, were considered the control group.
The exclusion criteria were as follow: not 
being VLBW, suffering from other prematurity 
complications such as sepsis, necrotizing 
enterocolitis, or central nervous system (CNS) 
infection, sonographic findings in favor of grade 
III-IV IVH, and diagnosis of hydrocephalus or 
CNS malformations such as prosencephalon.
Measurements: All participants underwent brain 
sonography within the first 7-14 days of life and 
in the corrected gestational ages of 36-40 weeks 
to detect IVH and its severity. All sonographies 
were performed by a single expert radiologist and 
a single sonography device to minimize the inter-
observer bias.
An expert neurologist responsible for the study 
examined the neurological status of cases and 
controls at the time of IVH diagnosis, including 
head circumference, weight, muscle tone and 
primitive reflexes, neonate‘s motor function, 
DTR, and cranial nerve examination. Next, all 
participants underwent neurological examination 
at six months of age, consisting of muscle tone 
for evaluation of any hypertonia and hypotonia 

and detecting spasticity in lower and upper 
extremities and spinal cord, head circumference 
and weight, muscle function and movement, 
cranial nerve examination, and cognition and other 
developmental tests related to six-month-olds. In 
addition, the Bayley questionnaire was filled for 
them when they had six months of age by an expert 
who was blind to the allocation of participants. 
Noteworthy, this questionnaire is introduced by the 
ministry of health of Iran.
Questionnaire: Bayley-III questionnaire is a 
valid and reliable tool for the neurodevelopmental 
assessment of 15 days to 42-month-old newborns. 
It intends to evaluate five neurodevelopmental 
entities of cognition, language (including expressive 
and receptive aspects, fine motor), and gross 
motor performance. Each of the items is scored as 
zero (a negative answer) or one (a positive 
answer). The Bayley questionnaire includes 326 
items, including 91 items for cognition-related, 
49 perception-related, 48 language-related, 66 
fine-motor performance-related, and 72 gross-
motor performance-related questions. The score 
of each entity is the total sum of scores related 
to each subscale, and total scores were made by 
adding each entity’s score. The total questionnaire 
score would be compared to the standard curve 
and eventually interpreted by the neurologist. 
Soleimani et al. designed the Persian version of this 
questionnaire in the Pediatric Neurorehabilitation 
Research Center, University of Social Welfare and 
Rehabilitation Sciences, in 2014 and reported that 
the Cronbach alpha coefficient in the cognitive, 
language (receptive and expressive), fine, and 
gross motor subtests was 0.96, 0.95, 0.95, and 
0.94, respectively (14, 15). 
Statistical analysis: Data analysis was administered 
using SPSS version 23. Descriptive data are 
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presented in mean, standard deviation, counts, 
and percentages. Inter-group comparisons were 
performed using the chi-square test. The ANOVA 
was used for evaluating more than two groups. 
Linear regression was used to control any potential 
confounding variable. Statistical significance was 
considered when the p-value<0.05.
Ethical Considerations: the study protocol was 
subjected to scrutiny by the Ethics Committee 
of the Isfahan University of Medical Sciences. 
Written informed consent was obtained from 
neonate’s legal guardians before entering the study 
and after a comprehensive introduction to the study 
protocol.

Results 
In the current study, 100 VLBW neonates, including 
43 girls and 57 boys, were assessed. The mean 
gestational age, birth weight, NICU admission 
duration, and age at the final evaluation were, 
respectively, 30.71±2.17 weeks, 1398.78±383.66 
g, 27.30±15 days, and 6.39±1.06 months. In the 
case group, a total of 40 newborns had a diagnosis 
of grade I-II IVH, with a mean age of 6.43±1.25 
months, while the mean age of newborns in the 
control group was 6.37±0.95 months. As shown 
in Table 1, there was no significant difference 
between the two groups concerning gestational 
age, body birth weight, NICU admission duration, 
gender distribution, and corrected age. 
Afterward, we assessed respiratory-related 

variables, including ventilator requirement, 
surfactant requirement, and the diagnosis of 
bronchopulmonary dysplasia (BPD). There 
was no significant difference between the two 
groups (P-value>0.05) (Table 2). A comparison 
of neurological physical examination at birth 
revealed no significant differences between the 
two groups (P-value=0.20), while the number 
of the six months old infants with an abnormal 
neurological examination was remarkably higher 
among infants with IVH compared to the healthy 
controls (P-value=0.004) (Table 3).
The result of detailed neurological assessments 
through the Bayley version III questionnaire is 
provided in Table 4. Only gross motor performance 
was significantly different between the two groups 
(P-value=0.04).
As shown in Table 4, the univariate analysis of 
variance, after adjusting for age, gender, gestational 
age, birth weight, duration of NICU admission, 
BPD diagnosis, surfactant use, and ventilator 
requirement, showed that two neurodevelopmental 
entities (i.e., cognition (P=0.04) and gross motor 
(p=0.03)) were significantly different between the 
two groups. 
The linear regression showed a significant 
association between IVH and gross motor function 
(P = 0.04), while no significant association was 
found between IVH and cognition. (data not 
shown)
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Table 1. Demographic characteristics of cases and controls

Variable Case (n=40) Control (n=60) P-value

Gestational age (weeks) 30.57±2.36 30.81±2.04 0.59

Body birth weight (g) 1392.75±343.38 1402.88±411.56 0.89

Duration of NICU admission (days) 28.71±15.45 26.32±14.73 0.44

Age at Bayley assessment (months) 6.43±1.25 6.37±0.95 0.80

Gender (Count, percentage) Male 21 (52.5%) 36 (60%) 0.45

Female 19 (47.5%) 24 (40%)

aData was obtained using Independent T-test.
bData was obtained using the Chi-Square test.

Table 2. Comparison of respiratory-related factors between cases and controls

Variable Case (n=40) Control (n=60) P

Ventilator requirement (Yes/No) 15 (39.5%)/23 (60.5%) 13 (21.7%)/47 (87.3%) 0.057

Surfactant use (Yes/No) 38 (100%)/0 (0%) 55 (91.7%)/5 (8.3%) 0.06

Bronchopulmonary dysplasia (Yes/No) 3 (8.1%)/34 (91.9%) 2 (3.3%)/58 (96.7%) 0.30

aThe obtained using Chi-square test.

Table 3. Comparison of neurological physical examination status between cases and controls at birth and six months old

At birth Six months old

Case group (normal/abnormal) 30 (96.8%)/1 (3.2%) 15 (40.5%)/22 (59.5%)

Control group (normal/abnormal) 50 (100%)/0 (0%) 35 (71.4%)/14 (28.6%)

P-value 0.20 0.004

Table 4. Comparison of Bayley assessments between the healthy neonates and cases with intraventricular hemorrhage at six months 
of age

Case (n=40) Control (n=60) P-value

Cognition 92.62±17.13 97.16±16.27 0.18

Communication 95.35±16.68 98.62±10.54 0.75

Receptive language (subscale) 8.65±2.52 8.70±2.83 0.92

Expressive language (subscale) 8.68±2.70 10.87±1.43 0.44

Motor 98.05±19.08 92.43±20.91 0.17

Fine motor(subscale) 9.50±3.53 9.26±3.51 0.74

Gross motor (subscale) 9.77±3.87 8.10±4.18 0.04
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Discussion
In the current study, we compared the trend 
of neurodevelopment among healthy VLBW 
neonates and those diagnosed with grades I and 
II of IVH. The two assessed groups were similar 
in terms of demographic characteristics and 
respiratory-related complications; therefore, the 
probable factors affecting the neurodevelopmental 
trend of the newborns were similar. According to 
neurological examinations at sixth-month of age, a 
statistically significant higher rate of abnormality 
was evident for newborns with a history of low-
grade IVH, while the cases and controls were 
similar at birth. In the same vein, Stewart et al., 
in an old study, showed that the chance of adverse 
outcomes in premature cases without IVH or with 
low grades of IVH was 3%, while it was up to 
38% among those with more advanced IVH (16). 
A newer study revealed that the rate of major 
handicaps among newborns with IVH was 15%, 
in contrast to only 3% in those without IVH (17). 
The abovementioned studies did not differentiate 
between newborns without IVH and those with a 
mild grade, notably grades 1 and 2, of IVH, while 
we included cases with low-grade IVH.
Further neurodevelopmental evaluations, based on 
the Bayley scale, revealed remarkable superiority 
of the healthy controls only in gross motor 

performance but not in other aspects. In addition, 
the univariate analysis of variances, adjusted for 
demographic factors, showed that cognition and 
gross motor were associated with low-grade IVH 
in the sixth month of the age. Corroborated with 
our results, poor motor neurodevelopment has been 
represented by Pfahl et al. who followed newborns 
with grades I and II intraventricular hemorrhages 
for 18-24 months. They reported that birth weight 
and gestational age were the independent factors for 
the incidence of IVH (1). Another study by Patra et 
al., which followed 104 cases with low-grade IVH 
and 602 healthy newborns from 1992 to 2000, noted 
remarkable inferiority of patients with low-grade 
IVH compared to healthy premature ones in both 
mental and psychomotor developmental indices at 
20 months of corrected age (13). Consistent with 
the mentioned studies, Klebermass-Schrehof et al. 
demonstrated the correlation of low-grade IVH with 
impaired mental and psychomotor developmental 
indices using the Bayley questionnaire. They 
reported more severe outcomes among premature 
newborns (less than 28 weeks of gestational age). 
They also pointed out that cerebral palsy and 
visual impairment indicators were dramatically 
affected by the gestational age (12). In contrast to 
the above findings, Payne et al. conducted a long-
term follow-up cohort study on 270 infants with 

Table 5. Univariate analysis of variances between cases and controls by controlling the confounding variables

Case (n=40) Control (n=60) P-value

Cognition 92.56±17.35 98.98±14.312 0.04

language 98.58±10.67 99.77±10.75 0.85

Receptive language 8.66±2.55 8.77±2.73 0.97

Expressive language 10.87±1.45 11.24±1.95 0.43

Motor 98.07±19.33 94.64±19.23 0.70

Fine motor 9.43±3.55 9.64±3.09 0.64

Gross motor 9.84±3.90 8.44±4.09 0.03
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low-grade IVH and did not observed a significant 
effect for intraventricular hemorrhage on the 
worsening of neurodevelopmental performance 
of neonates with the gestational age of fewer 
than 27 weeks (11). Although we did not assess 
the role of gestational age and body birth weight 
on the neurodevelopmental performance of the 
IVH newborns, it seems that the inclusion criteria 
defined by Payne et al. (11), such as gestational age 
and birth weight, have affected the outcomes (i.e., 
no significant neurodevelopmental difference), 
while others noted the role of low-grade IVH on 
both mental and psychomotor performance of the 
preterm newborns (18, 19)
It should be noted that IVH occurrence in the 
earlier gestational ages, when the glial cells are 
being formed and developed, can affect the mental 
and psychomotor performance in a more steeply 
negative pattern (3). 
Considering the remarkable higher rate of 
impaired neurological physical examinations and 
also findings of our study in terms of significant 
gross motor and cognition impairments among 
cases at six-month-old, we propose the role of 
early referral and neurologic physical examination 
in detecting neurodevelopmental abnormalities 
and providing timely specific interventions to 
minimize the subsequent complications. In our 
study, the fine motor aspect of the two groups was 
similar. Also, the difference between the two groups 
concerning motor performance (scale number) 
was not significant, which can be attributed to the 
concurrent consideration of both fine and gross 
motor neuron assessments. 
Despite the value of sonographic study for the 
diagnosis of IVH, magnetic resonance imaging 
(MRI) is a more valuable modality for following 
patients with IVH at the time of discharge (8). 

Contrary to this study and most of the other 
studies in the literature, a recent study by Reubsaet 
et al. that used MRI for the IVH assessment 
demonstrated no association between low-grade 
IVH and neurodevelopmental performance (20). 
The development of cortex and myelination may 
be influenced by the deterioration of IVH, even 
with low-grade ones. Although sonography can 
provide an acceptable view of white matter, 
MRI examinations not only can depict the more 
unobstructed views of white matter injury but also 
can be used for long-term follow-up counseling; 
therefore, MRI findings may have considerable 
predictive value for the prognosis of motor and 
mental developmental performances (21). We 
recommend further studies on this population 
using MRI as a modality for assessing both the 
presence of IVH and following up on the patients’ 
cerebral status.
This study demonstrated that low-grade IVH 
affected the sixth-month neurological examination 
and gross motor neuron performance of the VLBW 
newborns. Notably, low-grade IVH only affected 
cognition and gross motor. Further evaluations 
with longer follow-ups are strongly recommended. 
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