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Long term neurodevelopmental outcome of preterm infants with periventricular-
intraventricular hemorrhage

Periventrikiiler-intraventrikiiler kanamasi bulunan prematiir bebeklerin uzun dénem

nérogelisimsel sonuglari

Erhan Bayram?, Meral Torun Bayram?, Yasemin Topcu?, Semra Hiz%, Ertan Kayserili®

ABSTRACT

Objectives: To determine the neurodevelopmental mor-
bidity of preterm infants with periventricular- intraventricu-
lar hemorrhage, at the age of 4.

Materials and methods: The patients at the age of 4
were evaluated through neurologic examination and mo-
tor assessment by a pediatric neurologist and Denver I
Developmental Screening Test by a psychologist. The
results were compared with Denver |l Developmental
Screening Test results which had been made at 3-6 and
6-12 months.

Results: Patients with grade IlI-IV Periventricular-Intra-
ventricular Hemorrhage had significantly lower Denver
Il Developmental Screening Test results at the age of 4,
compared with grade |-l Periventricular-Intraventricular
Hemorrhage group. Similarly, < 32 weeks patients had
significantly lower Denver Il Developmental Screening
Test at the age of 4 when compared with > 32 weeks pa-
tients.

Conclusions: Children who were born < 32 gestational
weeks and/or patients with grade llI-IV periventricular-
intraventricular Hemorrhage have an increased risk of
neurologic impairment. All premature infants should be
evaluated by Denver Il Developmental Screening Test in
early childhood period of life. J Clin Exp Invest 2012; 3(3):
326-330
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INTRODUCTION

Prematurity is associated with neurologic, behav-
ioral and cognitive problems." As a result of the im-
provements in obstetrics for assisted reproductive
techniques, which is usually associated with mul-
tiple gestations, the incidence of preterm delivery

OZET

Amag: Periventrikiler-intraventrikiler kanamasi bulunan
prematiire bebeklerin, 4 yas, nérogelisimsel morbiditele-
rinin belirlenmesi.

Gereg ve yontem: Dort yasindaki hastalar, nérolojik mu-
ayene ve motor degerlendirmeleri i¢in bir cocuk ndrologu
tarafindan ve Denver Il Gelisimsel Tarama Testleri igin bir
psikolog tarafindan degerlendirildi. Sonuglar, 3-6 ay ve
6-12. ayda yapilan Denver Il Gelisimsel Tarama Testleri
sonuglari ile karsilastirildi.

Bulgular: Evre IlI-IV periventrikuler-intraventriktler kana-
masl! bulunan olgularin 4 yasindaki Denver Il Gelisimsel
Tarama Testleri, evre |-l periventrikller-intraventrikiler
kanamasi bulunan grupla karsilastirildiginda belirgin ola-
rak geri idi. Ayni sekilde, < 32 hafta dogan olgular > 32
hafta doganlarla karsilastiriidiginda, 4 yasindaki Denver
Il Gelisimsel Tarama Testleri belirgin olarak geri saptandi.
Sonug: Sonug olarak, < 32 gestasyonel haftada dogan
velveya evre llI-IV periventrikUler-intraventrikiler kana-
masi olan olgularda nérolojik etkilenme riski artmaktadir.
Bltin prematiire bebkler, erken ¢ocukluk déneminde
Denver Il Gelisimsel Tarama Testi ile degerlendirilmelidir.

Anahtar kelimeler: Prematurite, periventrikiler kanama,
Intraventrikiler kanama

is increasing.? Periventricular hemorrhage-Intraven-
tricular hemorrhage (PVH-IVH) is a common com-
plication of prematurity.> Severe PVH-IVH is strong-
ly associated with death or survival with disability.
The risk and incidence of brain injury increases
with decreasing gestational age.3* Intraventricular
hemorrhage occurs in 40% of premature neonates
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whom weight less than 1500 g. Ninety percent of
the hemorrhages occur within the first 3 postnatal
days and the remainder by 10 days.®® Grade I-II
PVH-IVH is currently the most common cranial ul-
trasound abnormality diagnosed in the premature
infants. Phenobarbital, vitamin K, vitamin E, indo-
methacin and other medications have been used to
prevent severe PVH-IVH. They have been ineffec-
tive and the reduction of the grade of PVH-IVH has
not resulted in improved long-term neurodevelop-
mental outcome.”®

Cerebral palsy, developmental disorder, cogni-
tive impairment, learning disabilities and psychiat-
ric problems can be seen in children who had been
prematurely born.?2 Early identification of neuro-
developmental delay implies an early intervention
with beneficial effects on development. In literature,
there are numerous reports on neurodevelopmen-
tal outcome of premature infants with PVH-IVH.
However, most of them are investigations on the
first year of life. Long term neurodevelopmental
evaluation of the preterm birth children is essential
to recognize risk factors and to improve perinatal
and neonatal care.® The number of studies about
long term neurodevelopmental outcome of preterm
infants with PVH-IVH is not enough.

This study aims to investigate the neurodevel-
opmental morbidity of children at the age of 4, who
had been prematurely born at less than 37 weeks of
gestation with PVH-IVH.

MATERIALS AND METHODS

Children who had been born less than 37 gesta-
tional age, between September 2005-May 2006
and treated in the Neonatal Intensive Care Unit of
Dr. Behcet Uz Children’s Hospital were included
the study. All patients had PVH-IVH, detected by
cranial ultrasonography (USG) and/or magnetic
resonance imaging (MRI) in nenonatal period. The
age of children was corrected for gestational age.
All the patients were called and re-evaluated for the
long term neurodevelopmental status. The follow-
ing data were noted: gestational age, gender, grade
of hemorrhage, psychomotor development (age at
walking, age at first words and sentences), neuro-
logical examination (motor functions, muscle tone
and cerebral palsy). Mental and psychomotor de-
velopments were assessed at 4 year old corrected
age using the Denver Il developmental screening
test (DDSTII) by a psychologist.

The DDSTII covers four areas of development:
personal/social, fine-motor/adaptive, gross motor
and language development. Delay in a specific area

is suspected when a child fails an item that 90% of
same-aged children pass. A child receives a “cau-
tion” when failing an item that 75% to 90% of same-
aged children pass. Each child can receive an over-
all rating of normal (no delays and a maximum of
one caution), suspect (2 or more cautions and/or
1 or more delays) or un-testable (if refused one or
more items completely to the left of the age line or
more than one item intersected by age line in the
75% to 90% area).?’ We classified the DDSTII re-
sults as abnormal (2 or more delays in two or more
sectors), questionable (at least 2 delays in one of 4
sectors) and normal.

The patients were evaluated through neurolog-
ic examination and motor assessment by a pediatric
neurologist and DDSTII by at the age of 4. The re-
sults were compared with DDSTII results which had
been made at 3-6 months and 6-12 months.

Prematurity is defined as a birth that occurs
before 37 completed weeks of gestation. The clas-
sification of grades of PVH-IVH ranging from | to IV.
Grades of PVH-IVH includes grade |, hemorrhage
confined to the subependymal germinal matrix;
grade Il, hemorrhage into the lateral ventricles with-
out ventricular dilatation; grade Ill, PVH-IVH with
ventricular dilation; and grade IV, PVH-IVH with pa-
renchymal involvement.’® The local ethic committee
approved the study, and informed parental consent
was obtained.

Statistical Analysis

Data were analyzed via Statistical Package for the
Social Sciences (SPSS), Version 15.0. Group differ-
ences were analysed using the X2 test for categori-
cal data, and paired-sample Student’s t-test for con-
tinuous variables. A p-value < 0.05 was considered
statistically significant.

RESULTS

The total study population consisted of 66 prema-
turely born children of less than 37 gestational age
which were treated between September 2005 and
May 2006. Mortality rate before the age of 4 was
9/66 (13.6%). Neurologic outcomes were reported
for 57 of the infants. Of them, 24 (42.1%) were girls
and 33 (57.9%) were boys. When the cases with
PVH-IVH were graded with the cranial neuroimag-
ing findings, 62,1 % were documented as grade |
hemorrhage, 18% as grade Il, 6% as grade lll and
13.9% as grade V.

Twenty-one of the infants (36.8%) were born <
32 weeks gestational age and 23 preterm infants
(%40.3) had a body weight below 1250 gr.
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All of the patients had cranial USG and 55/57
(96.5%) of the patients had cranial MRI at neonatal
period. 14/57 (24.6%) of them had cranial MRI at 4
years of age.

In all groups gross motor developmental delay
was the most common finding, and the second one
was language delay. The DDSTII results according
to the grade of hemorrhage summarized at table-1.

Table 1. The most common pathological findings in DDSTII follow-up

DDSTII at

3-6 months of age

- Gross motor delay
13/39 (33.4%)

- Language delay
12/39 (30.8%)

- Language delay
4/11 (36.4)

- Gross motor delay
3/11 (27.3%)

- Gross motor delay
112 (%50)

- Language delay
3/5 (60%)

- Gross motor delay
2/5 (40%)

Grade | hemorrhage

Grade Il hemorrhage

Grade lll hemorrhage

Grade IV hemorrhage

DDSTII at

6-12 months of age

- Gross motor delay
7/39 (17.9%)

- Language delay
5/39 (12.8%)

- Gross motor delay
3/11 (27.3%)

- Language delay
1711 (9.1%)

- Language delay
1/5 (20%)

- Gross motor delay
1/5 (20%)

DDSTII at

4 years of age

- Gross motor delay
4/39 (10.3%)

- Language delay
1/39 (2.6%)

- Gross motor delay
2/11 (18.2%)

- Language delay
1/5 (20%)

- Gross motor delay
1/5 (20%)

The incidence of cerebral palsy according to
the grade of hemorrhage at 4 years of age were,
10.3% for grade | hemorrhage, 18.2% for grade I
hemorrhage and 20% for grade 4 hemorrhage.

Patients with grade llI-IV PVH-IVH had signifi-
cantly more abnormal DDSTII results at the age of
4, compared with grade I-Il IVH group (p <0.05).
Similarly, < 32 week-patients had significantly more
abnormal DDSTII at the age of 4 compared with
> 32 week-patients (p < 0.05) (Table-2). However,
there was not a significant difference between the <
1250 gr and > 1250 gram patients (p>0.05).

Table 2. The relationship between gestational age and
the DII-DST results at the age of 4

DII-DST <32 weeks > 32 weeks
Normal 14 26 p <0.05
Abnormal 12 5

When we compared the low Apgar score (1-min
and/or 5-min) patients’ DDSTII results at the age of
4 with normal Apgar score patient, there was not
a significant difference (p>0.05). Table-3 shows the

results regarding the comparison between the ges-
tational age and the grade of hemorrhage; however,
there was not a significant difference between them.
We found the same results when we compared <
1250 gram and > 1250 gram group with severe
hemorrhage (p>0.05).

Table 3. The relationship between gestational age and
grade of hemorrhage

Grade | Gradell Gradelll Grade IV
IVH IVH IVH IVH

< 32 weeks 22 5 1 3

> 32 weeks 17 6 1 2

MRI findings were significantly different in pa-
tient with grade lllI-IV PVH-IVH compared to those
with grade I-1l PVH-IVH at neonatal period (p<0.05),
however, the difference was not significant at the
age of 4 (p>0.05). Magnetic resonance imaging re-
sults according to the grade of hemorrhage at neo-
natal period and 4 years of age are summarized at
table-4.
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Table 4. Magnetic resonance imaging results according to the grade of hemorrhage

Grade | hemorrhage n(%) Grade Il hemorrhage

Grade Il hemorrhage

Grade IV hemorrhage

At neonatal period

-normal
26 (68.4%)

- PVL
2 (5.3%)

-delayed myelinization
4 (10.5%)

- cerebral atrophy

-normal
5 (45.5%)

-hydrocephalus
3(27.3)

-delayed myelinization
2 (18.2%)

-cerebral hemorrhage

-normal
1 (50%)

-cerebral hemorrhage
1(50%)

-hydrocephalus
2 (50%)

-cerebral hemorrhage
1(25%)

-encephalomalacia
1(25%)
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2 (5.3%) 1(9.1%)
- cerebral hemorrhage
2 (5.3%)
- delayed myelinization
+cc hypoplasia
1(2.6%)
- HIE
1(2.6%)
Total 38 1 2 4
At 4 years of age - normal -normal - normal
4 (50%) 2 (50%) 1 (50%)
-gliotic lesion - PVL -gliotic lesion
2 (25%) 2 (50%) 1 (50%)
-cerebral atrophy
2 (25%)
Total 8 4 0 2

PVL: Periventricular leukomalacia, cc: corpus callosum, HIE: Hypoxic ischemic encephalopathy

DISCUSSION

Advances in specialized obstetric and neonatal in-
tensive care in the past several decades have led
to a dramatic decline in mortality rates for preterm
infants, particularly for extremely low birth weight
infants." However, despite the significant advances
in obstetric and neonatal care, PVH-IVH cannot be
prevented.

Severe PVH-IVH was observed in approxi-
mately 11% of the neonates weighing less than 1000
g and in 5% of those between 1000- and 1250-g
body weight. Late preterm infants (33-36 gestation
weeks) are reported to be at higher risk for mortality
and morbidity than term infants. In the last two de-
cades, this population has increased progressively,
and it actually represents the 70% of the whole pre-
term population.’ In our study, twenty-one infants
(36.8%) born < 32 weeks gestational age and 23
premature infants (%40.3) had a body weight below
1250 gr.

Denver Il Developmental Screening Test was
used to detect developmental outcome. One of the
oldest and best known developmental screening
test is the Denver-ll and the sensitivity of DDSTII
was found as 83% '® There was a significant dif-

ference, when we compared the DDSTII results at
the age of 4 with 3-6 months and 6-12 months. In
a study which compared the same patient’s 6-12
month and 3-6 month DDSTII results, there was a
significant difference between them.'* Gross motor
developmental delay was the most common find-
ing, and the second one was language delay. In all
groups, the rate of the abnormal DDSTII results de-
creased with age. It is possible that environmental
and socioeconomic factors may have had some ef-
fect on these findings.

The developmental outcome in preterm infants
was associated with gestational age, birth weight,
severity of respiratory distress and five-minute Ap-
gar score.' In literature, it has been reported that,
severe PVH-IVH (Grade llI-1V) is associated with
severe neurologic sequelae. In our study we de-
tected that, patients with grade IlI-IV PVH-IVH had
significantly lower DDSTII results at the age of 4
compared with grade I-1l PVH-IVH group and also
< 32 weeks patients had significantly lower DDSTII
results at the age of 4 compared with > 32-week
patients. The incidence of cerebral palsy was in-
creased with the grade of hemorrhage. Patra et al
reported the incidence of cerebral palsy 24.8% in
infants with PVH-IVH without ventricular dilatation."”
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In a study, only five-minute Apgar score signifi-
cantly predicted the gross motor and fine motor out-
comes while the psychosocial outcome was associ-
ated with five-minute Apgar score and birthweight.®
However, when we compared the low Apgar score
(1-min and/or 5-min) patient's DDSTII at the age of
4 with normal Apgar score patient, there was not a
significant difference. The prognostic value of Apgar
score in determining long term neurodevelopmen-
tal abnormalities is controversial. We conclude that
there is not a significant association between low
Apgar scores and long term neurodevelopmental
outcome.

Magnetic resonance imaging may indicate the
normal development of the preterm brain and can
identify diffuse damage.'® MRI findings were signifi-
cantly different in patient with grade IlI-IV PVH-IVH
when compared to those with grade I-Il PVH-IVH
at neonatal period; however, the difference was not
significantly higher at the age of 4.

In conclusion, children who were born < 32
gestational weeks and/or patients with grade llI-IV
PVH-IVH have an increased risk of neurologic im-
pairment and all premature infants should be evalu-
ated by DDSTII in early childhood period of life.
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