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Abstract

Objective: The aim of this study was to examine the long-term neurodevelopmental outcomes of very low birth weight (VLBW) infants and identify factors
influencing these outcomes.

Methods: A cohort consists of 66 VLBW infants, aged 2 years and older (2-10 years). They were evaluated through neurological examinations,
neurodevelopmental screening [using the Denver developmental screening test-Il (DDST) and the Wechsler intelligence scale for children-revised (WISC-R)],
and cranial magnetic resonance imaging (MRI).

Results: Cerebral palsy was diagnosed in 13.6% of cases. Meanwhile, 29.6% had significant neurological sequelae such as sensorineural hearing loss,
hydrocephalus, and epilepsy. The other health problems, including attention-deficit hyperactivity disorder, strabismus, and refractive errors (myopia,
hypermetropia), were observed in 34.8% of the subjects. Developmental delay affected 73.7% of children assessed with DDST; although, all nine children
evaluated with WISC-R had normal cognitive function. Cranial MRI abnormalities were observed in 28.8% of cases. Risk factors, such as polyhydramnios,
placenta previa, placental abruption, chorioamnionitis, passive smoking, assisted reproductive technologies, and severe neonatal complications
[intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), and retinopathy of prematurity (ROP)], were Linked to poorer outcomes. PVL, IVH, and
ROP increased poor prognosis odds by factors of 33, 10, and 5.8, respectively.

Conclusion: Although the incidence of major neurological disorders, such as cerebral palsy, has decreased with advances in neonatal intensive care, minor
neurodevelopmental issues continue to affect the quality of Life in VLBW infants. Prevention strategies should focus on addressing both major and minor
neurodevelopmental challenges, with an emphasis on reintegrating VLBW individuals into society as healthier members.

Keywords: Very low birth weight infants, long-term neurodevelopmental outcomes, cerebral palsy, cranial magnetic resonance imaging, developmental
screening tests

Amac: Bu calismada cok diisiik dogum agirlikli (CDDA) bebeklerin uzun dénemdeki nérogelisimsel sorunlari ve bu sorunlari etkileyen faktrlerin arastiritmasi
amaclanmaktadir.

Yontem: Yaslari 2 yas ve iizeri olan 66 CDDA olguya nérolojik muayene, ndrogelisimsel tarama testleri [Denver gelisimsel tarama testi-Il (DGTT), Wechsler
cocuklar icin zeka dlcedi-revize (WISC-R)], kraniyal manyetik rezonans gériintiileme (MRG) uygulandi.
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Bulgular: Olgularin %13,6'sinda serebral palsi tespit edilirken, %29,6'sinda sensorindral isitme kaybi, hidrosefali ve epilepsi gibi major ndrolojik sekeller
saptandi. Olgularin %34,8'inde dikkat eksikligi hiperaktivite bozuklugu, sasilik, miyopi, hipermetropi gibi mindr nérolojik problemler tespit edildi. DGTT ile
degerlendirilen olgularin %73,7'sinde gelisimsel gecikme gdzlenirken, WISC-R testi ile dederlendirilen 9 olgunun tamami normal zeka gésterdi. Kraniyal MRG
ile hastalarin %28,8'inde anormallikler saptandi. Polihidramnios, plasenta previa, plasenta dekolmani, koryoamniyonit, pasif sigara icimi, yardimci dreme
teknikleri ve bazi neonatal durumlar [intraventrikiiler kanama (IVK), periventrikiler ldkomalazi (PVL) ve prematire retinopatisi (ROP)] gibi risk faktorleri, daha
katd norolojik prognozla iliskilendirilmistir. PVL, IVK ve ROP'un kétdi nérolojik prognozu sirasiyla 33, 10 ve 5,8 kat artirdigi gorilmastdr.

Sonug: Yenidogan yogun bakim Gniteleri bakimindaki gelismelerle birlikte serebral palsi gibi major nérolojik bozukluklar azalmig olsa da, mindr nérolojik
sorunlar hala yasam kalitesini etkilemektedir. Onleme stratejileri ve programlari ile major ve mindr nrogelisimsel problemlerin ele alinmasi, CDDA
bebeklerin saglikli bireyler olarak topluma yeniden kazandirilmasi hedeflenmelidir.

Anahtar Kelimeler: Cok diisik dogum agirliki bebekler, uzun donem nérogelisimsel prognoz, serebral palsi, kraniyal manyetik rezonans gérintileme,

gelisimsel tarama testi

Introduction

Preterm birth is defined as delivery before 37 completed
weeks of gestation. However, this study specifically focuses
on a high-risk subgroup-infants born before 32 weeks
of gestation with a birth weight of less than 1,500 grams,
commonly referred to as very low birth weight (VLBW) infants.
These infants are at increased risk for neonatal morbidity
and long-term neurodevelopmental impairments. Advances
in neonatal intensive care have significantly improved the
survival rates of VLBW infants. However, these gains have also
beenaccompanied by increased rates of neurodevelopmental
challenges®?. The rise in major morbidities such as cerebral
palsy (CP), epilepsy, mental retardation, vision and hearing
problems and some minor morbidities (learning disabilities,
speech delay, communication difficulties, attention deficit
hyperactivity coordination and balance disorders, behavioral
problems, myopia, strabismus and mild hearing loss) is
remarkable and has long-term implications for the quality of
life of these infants®*?., CP is a major neurological condition
defined as a group of permanent disorders of movement and
posture resulting from static damage to the developing brain.
Although CP is not progressive, its clinical manifestations
can develop with age and lead to varying degrees of motor
limitations®. Prematurity is one of the most important risk
factors for CP. VLBW preterm infants born before 32 weeks
of gestation and weighing less than 1500 grams have a
significantly increased risk for CP“”. Motor disorders in
CP are frequently accompanied by sensory, perceptual,
cognitive, communication, and behavioral disorders,
epilepsy, and musculoskeletal problems. These represent a
major public health concern. Although many neurological
early diagnosic methods have been proposed, there is no
standard method accepted internationally. Diagnosis in CP
is usually made at the age of two with a detailed history,

determination of clinical risk factors, complete neurological
examination, developmental tests and supportive brain
magnetic resonance imaging (MRI). Diagnosing CP as early
and correctly as possible is important for the premature
infant to be integrated into society as a useful individual. In
addition, early initiation of special education, physiotherapy
and other treatment methods, prevention of possible
accompanying complications or reduction of their effects
and early psychological support to the parent are necessary,
and a multidisciplinary approach should be adopted in
treatment”®. There are many prenatal and neonatal risk
factors that negatively affect neurodevelopmental prognosis
in the development of CP%378  As a result of upper motor
neuron damage in the cortex caused by antenatal and
prenatal risk factors, motor control is impaired and leading
to spasticity. This occurs due to a reduction in signals to the
reticulospinal and corticospinal tracts, which affects on the
motor units®. The risk of brain damage (white matter damage,
intraventricular hemorrhage (IVH), and cortical and deep
gray matter damage) increases with decreasing gestational
age and birth weight. Therefore, optimizing prenatal neonatal
and newborn care, identifying risk factors in advance and
taking precautions are crucial to ensure optimal neuromotor
development®®. Comprehensive monitoring starting fromthe
prenatal period, continuous surveillance during the neonatal
intensive care unit (NICU) stay, systematic identification of
risk factors, and the implementation of targeted preventive
strategies are fundamental for the accurate diagnosis of CP
and the anticipation of associated complications. Detailed
neurological evaluations, developmental assessments,
and MRI, recognized as the gold standard for identifying
neuroanatomical  abnormalities, are indispensable
components of this approach®. Thus, neurodevelopmental
sequelae will be minimized with early diagnosis and
appropriate treatment approaches.
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In this study, we aimed to investigate both major and minor
issues, particularly CP, in premature infants born with VLBW
(<1500 g) and <32 weeks gestational age, who were treated
in the NICU of Aydin Adnan Menderes University Faculty
of Medicine between January 2000 and December 2010.
At age 2 and older, these infants underwent neurological
examinations, developmental assessments, and cranial MRI.
We also investigated the prenatal and neonatal risk factors
that influence long-term neurodevelopmental outcomes
and identified the most significant risk factors associated
with adverse outcomes.

Materials and Methods

These patients were part of a cohort of 169 preterm infants
(<32 weeks gestation) with (VLBW, birth weight <1500
g) who were hospitalized and followed up in the NICU of
the Department of Pediatrics at Aydin Adnan Menderes
University between January 2000 and December 2010. This
retrospective and cross-sectional study included 66 patients
aged 2 years and older, who underwent neurological
examination, developmental assesments, and cranial MRI,
and whose families provided written consent.

Neurological examinations were performed by pediatric
neurologists at our center. Perinatal risk factors, including
unmonitored pregnancy, maternal smoking during pregnancy,
passive smoking, premature rupture of membranes,
maternal urinary tract infection, oligohydramnios,
polyhydramnios, preeclampsia, placenta previa, abruptio
placenta were obtained from medical records. Neonatal
risk factors, including mechanical ventilatory support,
respiratory distress syndrome, bronchopulmonary dysplasia,
retinopathy of prematurity (ROP), apnea, sepsis, IVH,
periventricular leukomalacia (PVL), were also collected from
the files. CP and accompanying major and minor sequelae
were determined. Major neurodevelopmental sequelae were
recorded as CP, epilepsy, hydrocephalus and hearing loss®.
Minor neurodevelopmental sequelae included attention
deficit hyperactivity disorder (ADHD), strabismus, refractive
errors (myopia/hypermetropia)®. The patients diagnosed
with functional motor disorders were classified into 5
levels using the gross motor function classification system
(GMFCS)™, Level 1 was classified as the least dependency
in motor functions, while level 5 was classified as the most
dependency. The Denver developmental screening test-l|
(DDST) was administered to children aged six and under,
and children at risk who were apparently normal and had
age- appropriate skills were assessed in four areas: gross
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and fine motor, cognitive, personal, and language. In the
DDST, if there were no delays or delays in a category and at
most one warning, that section was interpreted as “normal”
in itself. Two or more delays in a category were interpreted as
“abnormal’ cases"?. Forverbaland performance assessments
in children over 6 years of age, the Wechsler intelligence
scale for children-revised (WISC-R) was used™. Cranial MRI
scans were performed on all participants included in the
study. Cranial MRI findings were classified into 6 categories:
structural disorders of the central nervous system, white
matter lesions, cortical/subcortical lesions, basal ganglia/
thalamus lesions, other anomalies (asymmetric ventricle,
cystic Llesion, hydrocephalus) and normal findings®. Ethics
committee approval for our study was received from Aydin
Adnan Menderes University Faculty of Medicine Non-
Invasive Clinical Research Ethics Committee (approval no:
2012/36, date: 26.03.2012). The study was part of a pediatric
specialty thesis.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) 21 was
used in the analysis of data. Pearson chi-square, Linear-
by-Linear Association, and Fisher's exact tests were used
to compare categorical data. The odds ratio was used to
determine the most important risk factor among significant
categorical risk factors. Quantitative data were expressed as
mean + standard deviation values, while categorical data
were expressed as n (number) and percentages (%). Data
were examined at a 95% confidence level and p-values less
than 0.05 were considered significant.

Results

A total of 66 cases between 2-10 years of age, 34 (51.5%)
of whom were girls, were included in the study. The mean
gestational age was 29.5+1.77 (25-31.6) weeks and mean
birth weight was 1255+254.2 g. The general characteristics of
the cases are summarized in Table 1, while their distribution
based on birth weight and gestational age is detailed in
Table 2.

Neurological Examination Results

Neurological examination findings were normal in 49
patients (74.2%), while 17 patients (25.8%) exhibited abnormal
findings. Among these, nine patients (13.5%) were diagnosed
with CP. Six of these patients were already under follow-up
in our pediatric neurology clinic with a confirmed diagnosis
of CP, while three additional patients were newly diagnosed
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with CP as a result of this study and were subsequently
referred to physical therapy and special education treatment
programs for follow-up. According to the GMFCS of the
cases with CP; one was stage 5, one was stage 4, and 7 were
stage 2. As a major neurological sequela, 1.5% of the cases
had bilateral sensorineural hearing loss, and 1.5% required
a shunt for hydrocephalus. Antiepileptic treatment was
ongoing in 9.1% of the cases due to epilepsy. Regarding
minor neurological findings, 12.1% had strabismus, and
10.6% were using corrective glasses for refractive errors.

Table 1. General characteristics of the study group

Number of cases 66

Birth weight (gr) 1255.3+254.2
Gestational age (weeks) 29.52+1.77
Gender (M/F) 32/34

1%t min Apgar <6 14 (21.2%)
5% min Apgar <6 4 (6.1%)
Normal spontaneous vaginal delivery 16 (24.2%)
Caesarean section 50 (75.8%)
Singleton pregnancy 47 (71.2%)
Twin pregnancy 16 (24.2%)
Triplet pregnancy 3 (4.5%)

Table 2. Distribution of cases by birth weight and gestational

age (n=66)

Gestational age (weeks) n %
25-27 11 16.6
28-30 36 54.4
31-32 19 29.0
Birth weight (g) n %
700-750 2 3.0
751-1000 9 13.7
1001-1250 22 33.7
1251-1500 35 49.6

Additionally, 12.1% were under child psychiatry follow-up for
ADHD. The detailed data on major and minor neurological
sequelae are presented in Table 3. The relationship between
the prenatal risk factor polyhydramnios and neurological
examination abnormalities was found to be statistically
significant (p=0.015). Additionally, significant associations
were observed between neonatal risk factors, including IVH,
PVL and ROP, and neurological examination abnormalities
(p=0.001, <0.001, 0.008, respectively). The ORs for these
factors were 10, 33 and 5, respectively.

Developmental Test Results

Of the 66 cases, 57 (86.4%) were in their first six years of
age and underwent the DDST. Of these, 24 (36.4%) were
found to be normal for their age, while 42 (63.6%) showed
abnormalities. WISC-R was administered to 9 (13.6%) cases
over the age of six, and the mental functioning levels and
general functionality of all these cases were found to be
normal or above average (Table 4). A statistically significant
relationship was observed between prenatal risk factors,
including passive smoking, assisted reproductive technology,
polyhydramnios, maternal urinary tract infections,

Table 3. Associated minor/major neurological sequelae

Number of cases n %
*ADHD 8 121
*Strabismus 8 121
*Myopia 5 7.6
**Hypermetropia 2 3
**Deafness (bilateral sensorineural

hearing loss) L L5
**Hydrocephalus 3 4.6
“*Epilepsy 6 9.1
**Cerebral palsy 9 13.6
* Minor sequelaes, **: Major sequelaes

ADHD: Attention deficit hyperactivity disorder

Table 4. Developmental screening test results

Normal Abnormal
n (%) n (%)
Language 24 (42.1) 33 (57.9)
Denver DST (n=57) Fine motor 35 (61.4) 2 (38.6)
Gross motor 31(54.4) 26 (45.6)
Personal-social 30 (52.6) 27 (47.4)
WISC-R (n=9) 9 (100) 0(0)
Total 24 (36.4) 42 (63.6)
DST: Developmental screening test, WISC-R: Wechsler intelligence scale for children-revised
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chorioamnionitis, placenta previa, and abruptio placenta,
and abnormal findings in developmental tests (p=0.047,
0.021, 0.046, 0.042, 0.047, 0.023). Similarly, the relationship
between neonatal risk factors, such as IVH and PVL, and
abnormalities in developmental tests was statistically
significant (p=0.049, 0.043).

MRI Results

MRI findings were normal in 47 cases (71.2%). PVL was
detected in 12 cases (18.2%). The distribution of cranial MRI
findings is shown in Table 5. The relationship between the
prenatal risk factor of polyhydramnios and MRl abnormalities
was found to be statistically significant (p=0.006; OR=10.39).

Additionally, the relationship between neonatal risk
Number of cases n %
Normal 47 71.2
PVL 12 18.2
Cortical/subcortical lesion 1 15
Basal ganglia/thalamus lesion 1 15
Other abnormalities
-Asymmetric ventricle 1 15
-Cystic Lesion 1 15
-Hydrocephalus 3 4.6
Total 66 100
MRI: Magnetic resonance imaging, PVL: Periventricular leukomalacia

factors, including gender, IVH, PVL, and ROP, and MRI
abnormalities was also statistically significant (p=0.001,
0.001, <0.001, 0.002; OR=6.1, 9.4, 13.2, 3.8, respectively). The
prenatal and neonatal risk factors associated with adverse
neurodevelopmental outcomes are summarized in Table 6.

Discussion

CP is a condition that significantly impacts motor
development, cognitive abilities, and overall quality of
life, particularly in premature infants. The risk of CP in
VLBW infants is 50-70 times higher than in term infants.
However, with technological advancements in NICUs,
the global the rate of CP and neurological pathologies
was between 8-37%"3%5), Improved survival rates and
better care in NICUs have contributed to a decline in CP
prevalence; however, minor sequelae in these infants may
be overlooked in clinical practice. In response, our study
emphasized the importance of closely monitoring minor
neurological abnormalities, which, despite their subtlety,
can significantly impact long-term outcomes. The frequency
of CP and other neurodevelopmental morbidities varies
across studies, with global and national differences observed
in VLBW populations. Erdem et al."® reported a neurological
abnormality rate of 24.2% in 62 VLBW infants, with 14.5%
developing CP. Similarly, Valcamonico et al."” observed a CP
prevalence of 20.6% among severe cases and 18.7% among
mild cases in their cohort. Aslan and Calkavur® detected
neurological examination pathologies as CP in 8% of 107

Table 6. Prenatal and neonatal risk factors with negative effects on neurodevelopment

Neurological examination Developmental test Cranial MRI
p Odss ratio (95% CI) | p Odss ratio (95% Cl) | p Odss ratio (95% Cl)
Polyhydramnios | ns - 0.046 7.19 (0.859-60.1381) | ns -
Passive smoking | ns - 0.047 3(0.994-9.051) ns -
ART ns - ns - ns -
Maternal UTI ns - ns - ns -
Prenatal | Chorioamnionitis | ns - ns - ns -
Placenta previa | ns - ns - 0.006 10.39 (1.869-57.714)
Placental
abruption ns ) ns ) ns )
Male gender ns - ns - <0.001 6.133 (2.111-17.824)
Neonatal | IVH 0.001 10 (2.472-40.447) ns - 0.001 9.462 (2.224-40.252)
PVL <0.001 33.571 (6.052-186.228) | ns <0.001 13.2 (3.017-57.759)
ROP 0.008 5.766 (1.707-19.4609) ns - 0.002 3.8 (1.195-12.087)

ns: Not significant, ART: Assisted reproductive technology, UTI: Urinary tract infection, MRI: Magnetic resonance imaging, Cl: Confidence interval, IVH: Intraventricular
hemorrhage, PVL: Periventricular leukomalacia, ROP: Retinopathy of prematurity
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premature babies. In studies conducted in our country on
preterms at 34 weeks and below, the prevalence of CP was
found to be 8.5% and 11.1%, respectively®®. Evensen et al."®
evaluated infants with VLBW at the age of 5 years and found
the rate of CP and neurological pathologies was between
8-37%. In a study conducted in Australia between 1980-
2017, in which data were collected from 6 different centres,
CP was found to be 7.1%, minor neurological sequelae 1.6%
and severe neurological sequelae 16.9%. In our study, CP
was identified in 13.5% of VLBW infants, major neurological
sequelae in 25.8%, and minor abnormalities in 34.8%. These
findings are consistent with the results reported in previous
studies®#19 These results highlight the need for structured
follow-up programs to track both major and minor
neurodevelopmental outcomes in VLBW infants, ensuring
comprehensive care and timely interventions to mitigate
long-term complications.

CP risk is significantly higher in VLBW infants (<1500 g, <32
weeks), with risk increasing as gestational age and birth
weight decrease, consistent with Aslan and Calkavur®, Bulbul
et al.”, and Gécer et al.® findings. In our study of high -risk
infants treated in NICUs, birth weight showed no significant
impact on neurological examinations, developmental
test outcomes, or cranial MRI findings. These results are
consistent with those of Thompson et al.", who reported
similar findings in a comparable cohort, highlighting the
challenges of establishing clear associations in smaller
sample sizes. These discrepancies underline the importance
of larger, more homogeneous cohorts to better define the
relationship between prematurity and neurodevelopmental
outcomes.

Several prenatal and neonatal risk factors, including passive
smoking (p=0.047), placenta previa (p=0.047), abruptio
placenta (p=0.023), polyhydramnios (p=0.046), male gender
(p=0.001), IVH (p=0.001), PVL (p<0.001) and ROP (p=0.002),
were identified as significant contributors to adverse
neurodevelopmental outcomes in our study, in line with
previous literature®*®. Moreover, the risk of brain injury,
including white matter damage and IVH, increases with
lower gestational age and birth weight. Early identification
and optimization of prenatal and neonatal care are essential
for improving neuromotor development.

There are studies in the literature showing that all risk factors
in the antenatal and neonatal periods may cause spasticity,
mostly spastic diplegia. In the study conducted by Ahlin et
al.? it was shown that all factors in the antenatal, perinatal

and postnatal periods increase the risk of spastic diplegia
and quadriplegia. In the study conducted by Himmelmann et
al.®, it was determined that perinatal or postnatal etiologies
played a role in 80% of the patients with dyskinetic CP. In our
study, 7 of all cases diagnosed with CP were diplegic and 2
were tetraplegic. Similar to the literature, spastic diparesis
was found more.

Studies on premature infants with CP have consistently
shown a higher prevalence of male predominance. Metz
et al.”? reported a male-to-female ratio of 1.72 in 384
cases and Ekici et al.?® found a ratio of 1.5 in a Turkish
population. The increased vulnerability of males to CP and
other neurodevelopmental disorders has been attributed to
differences in brain organization, genetic predispositions,
and the neuroprotective effects of female sex hormones.
Importantly, our findings revealed that the association
between male sex and MRI abnormalities was six times
higher compared to females, further emphasizing the role
of gender in the neurodevelopmental prognosis of this
population.

The importance of developmental tests has long been
recognized, with screening highlighting the risk of
neurological and developmental delays in VLBW infants,
even in the absence of major morbidities. Studies have
consistently shown significant delays across all areas of the
DDST in this population compared to term infants. Gocer et
al.® reported abnormal DDST results in 27.4% of 117 high-
risk preterm infants, while Bulbul et al.? identified delays in
personal-social (4.2%), fine motor (6.3%), language (5.2%),
and gross motor (9.4%) skills in preterm infants assessed
at a corrected age of 12-18 months. In our study, 63.6%
of patients evaluated with the DDST exhibited abnormal
findings, with delays in gross motor skills (45.6%), fine motor
skills (38.6%), language (57.9%), and personal-social (47.4%)
areas. Prenatal and neonatal risk factors have been shown
to negatively impact long-term WISC-R scores. Kucur et
al.? found that PVL reduced WISC-R scores in their study of
11-12 year old late/early preterm children. However, in our
study, all 9 cases tested with WISC-R had normal or above-
average verbal and performance scores. This discrepancy
may be due to the small sample size and suggests that the
NICU care at our institution was well-developed during
that period. Developmental tests are essential for tracking
neurodevelopmental prognosis, premature with CP, where
motorimpairments frequently coexist with sensory, cognitive,
and behavioral disorders, epilepsy, and musculoskeletal
issues. Although CP diagnosis often occurs around two
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years of age using clinical risk assessment, neurological
examination, developmental tests, and MRI findings, there
is no universally accepted early diagnostic standard. To
bridge this gap, comprehensive developmental evaluations
are essential to detect cognitive and behavioral disorders
that may not be evident through neurological examination
alone"?, Our study utilized DDST and WISC-R developmental
tests. This methodology underscores the critical role of
comprehensive developmental evaluations in the long-
term monitoring of premature infants, providing valuable
contributions to the literature on neurodevelopmental care.

Cranial MRI is a crucial tool for assessing the
neurodevelopmental prognosis of premature infants with
VLBW. MRI plays a key role in identifying neonatal factors,
such as IVH and PVL, which contribute to white and grey
matter damage and are involved in the etiology of CP. It
also helps detect major and minor morbidities observed in
infants with VLBW by the age of 2 and beyond">*, Several
studies in the literature have highlighted the significance
of MRI in detecting abnormalities in VLBW infants. Erdem
et al."® identified radiological abnormalities in 40% of CP
cases, including 6.5% with PVL. Woodward et al.? reported
17% moderate and 4% severe white matter abnormalities
in premature infants, while Boswinkel et al.?® found white
matter abnormalities in 23.5% and cerebellar hemorrhage
in 12.6% of cases®), Aslan and Calkavur® observed cranial
MRI abnormalities in 29% of infants under 34 weeks. Katusi¢
et al.?” found abnormal MRI in LBW infants and noted a
correlation with motor performance deficits. Martini et
al.?® found significant associations between developmental
delays and abnormal cranial MRI findings, particularly with
white matter lesions, which were linked to poorer motor
and cognitive outcomes. In our study, 28.8% of cranial MRI
findings were abnormal, with PVL identified in 18.2% of the
cases. Our research underscores the crucial role of MRI in
assessing the neurodevelopmental prognosis of preterm
infants, making a significant contribution to the literature.

Study Limitations

The Llimitations of our study include the small sample size,
with only nine cases out of 169 participants being over the
age of six.

Conclusion

Our study emphasizes the critical role of comprehensive
developmental evaluations, such as the DDST and WISC-R, in
the long-term monitoring of premature infants, highlighting
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theimportanceofearlyinterventionsforimprovingneuromotor
outcomes. Moreover, it underscores the value of MRI as an
indispensable tool for assessing the neurodevelopmental
prognosis of preterm infants, contributing significantly to the
existing literature on neurodevelopmental care. The findings
also stress the importance of minimizing predictable and
preventable prenatal and neonatal risks associated with
CP and its sequelae. Through neurological examination,
developmental testing, and cranial MRI in VLBW infants,
particularly at two years of age and beyond, we highlight
the ongoing need for continued surveillance in monitoring
CP and its often-overlooked minor sequelae. This calls for
more frequent follow-up assessments to improve early
detection and outcomes. Finally, our study advocates for
more comprehensive, nationally representative research to
better understand and address the risks associated with CP,
underscoring the need for targeted public health strategies
to support this issue at risky population.

Ethics

Ethics Committee Approval: Ethics committee approval
for our study was received from Aydin Adnan Menderes
University Faculty of Medicine Non-Invasive Clinical Research
Ethics Committee (approval no: 2012/36, date: 26.03.2012).

Informed Consent: This retrospective and cross-sectional
study included 66 patients aged 2 years and older, who
underwent neurological examination, developmental
assesments, and cranial MRI, and whose families provided
written consent.

Footnotes

Authorship Contributions

Surgical and Medical Practices: S.0., AT, Concept: S.0., AT,
Design: S.0., AT, Data Collection or Processing: S.0., AT,
Analysis or Interpretation: S.0., AT, Literature Search: S.O.,
AT, Writing: S.0., AT.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: This research was supported by Aydin
Adnan Menderes University Scientific Research Projects with
the number TPF-12003.

References

1. Aslan F, Calkavur S. Neurodevelopmental risk factors in premature
babies. J Curr Pediatr. 2022;20:272-80.

2. Bulbul A, Kaya DK, Keskin GY, et al. Midterm neuromotor development



Oktay and Tosun.

Long-term Neurodevelopmental Outcomes of VLBW Infants

10.

11

12.

13.

14.

15.

results of preterm babies less than 34 weeks gestational age. Sisli Etfal
Hastan Tip Bul. 2020;54:337-45.

Longo S, Caporali C, Pisoni C, et al. Neurodevelopmental outcome of
preterm very low birth weight infants admitted to an ltalian tertiary
center over an 11-year period. Sci Rep. 2021;11:16316.

Uysal S. Premature infants and neurodevelopmental morbidity. Turk
Arch Pediatr. 2010;45:20-2.

Allen MC. Risk assessment and neurodevelopmental outcomes. In:
MacDonald MG, Mullett MD, Seshia MMK, editors. Avery's diseases of
the newborn. 8th ed. Philadelphia: Elsevier Inc.; 2005. p. 1026-42.

Bax M, Goldstein M, Rosenbaum P, et al. Proposed definition and
classification of cerebral palsy, April 2005. Dev Med Child Neurol.
2005;47:571-6.

Zayegh AM, Doyle LW, Boland RA, Mainzer R, Spittle AJ, Roberts
G, et al. Trends in survival, perinatal morbidities and two-year
neurodevelopmental outcomes in extremely low-birthweight infants
over four decades. Paediatr Perinat Epidemiol. 2022;36:594-602.

Gocer C, Kavuncuoglu S, Arslan G, et al. Neurodevelopmental problems
and factors affecting neurological morbidity of very low birth weight
premature infants. Turk Arch Pediatr. 2011;46:207-14.

Koman LA, Smith BP, Shilt JS. Cerebral palsy. Lancet. 2004;363:1619-31.

Novak I, Morgan C, Adde L, et al. Early, accurate diagnosis and early
intervention in cerebral palsy: advances in diagnosis and treatment.
JAMA Pediatr. 2017;171:897-907.

Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content validity
of the expanded and revised gross motor function classification system.
Dev Med Child Neurol. 2008;50:744-50.

Anlar B, Bayoglu B, Yalaz K. Denver Il gelisimsel tarama testi uygulayici
yetistirme ve sertifika kursu el kitabi: Turk cocuklarina uyarlanmig
Denver Il gelisimsel tarama testi el kitab.. Ankara: Hacettepe
Universitesi Tip Fakiiltesi, Cocuk Sagligi ve Hastaliklari Anabilim Dall,
Cocuk Nérolojisi Unitesi; 2007.

Savasir |, Sahin N. Wechsler cocuklar icin zeka dlcedi (WISC-R). Ankara,
Turkiye: Turk Psikologlar Dernegi. 1995.

Krageloh-Mann |. Imaging of early brain injury and cortical plasticity.
Exp Neurol. 2004,190:84-90.

Lin CY, Hsu CH, Chang JH; Taiwan Premature Infant Follow-up Network.
Neurodevelopmental outcomes at 2 and 5 years of age in very-low-
birth-weight preterm infants born between 2002 and 2009: a prospective
cohort study in Taiwan. Pediatr Neonatol. 2020;61:36-44.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Erdem G, Erdogan-Bakar E, Yigit S, Turanli G. Hacettepe Universitesi
Hastanesi yenidogan yodun bakim Unitesi'nde izlenen prematire
bebeklerin nérogelisimsel izlemi. Cocuk Sagligi ve Hastaliklari Dergisi.
2006;49:185-92.

Valcamonico A, Accorsi P, Sanzeni C, et al. Mid-and long-term outcome
of extremely low birth weight (ELBW) infants: an analysis of prognostic
factors. J Matern Fetal Neonatal Med. 2007;20:465-71.

Evensen KAI, Ustad T, Tikanmaki M, Haaramo P, Kajantie E. Long-
term motor outcomes of very preterm and/or very low birth weight
individuals without cerebral palsy: a review of the current evidence.
Semin Fetal Neonatal Med. 2020;25:101116.

Thompson CM, Buccimazza SS, Webster J, Malan AF, Molteno CD.
Infants of less than 1250 grams birth weight at Groote Schuur Hospital:
outcome at 1 and 2 years of age. Pediatrics. 1993;91:961-8.

Ahlin K, Himmelmann K, Hagberg G, et al. Non-infectious risk factors
for different types of cerebral palsy in term-born babies: a population-
based, case-control study. BJOG. 2013;120:724-31.

Himmelmann K, McManus V, Hagberg G, Uvebrant P, Krageloh-Mann |,
Cans C; SCPE collaboration. Dyskinetic cerebral palsy in Europe: trends
in prevalence and severity. Arch Dis Child. 2009;94:921-6.

Metz C, Jaster M, Walch E, Sarpong-Bengelsdorf A, Kaindl AM, Schneider
J. Clinical phenotype of cerebral palsy depends on the cause: is it really
cerebral palsy? A retrospective study. J Child Neurol. 2022,37:112-8.

Ekici A, Carman KB, Yimenicioglu S, et al. The evaluation of epilepsy
and other contributing disorders in patients with cerebral palsy using
the gross motor function classification system. Eur Res J. 2017;3:175-81.

Kucur O, Kavuncuoglu S, Tarakcioglu MC, Payasli M, Aldemir EY.
Neurodevelopmental outcomes of moderate/late preterm infants at 11-
12 years of age. Selcuk Med J. 2023;39:44-50.

Woodward LJ, Anderson PJ, Austin NC, Howard K, Inder TE. Neonatal
MRI to predict neurodevelopmental outcomes in preterm infants. N
Engl J Med. 2006;355:685-94.

Boswinkel V, Krise-Ruijter MF, Nijboer-Oosterveld J, et al. Incidence
of brain lesions in moderate-late preterm infants assessed by cranial
ultrasound and MRI: The BIMP-study. Eur J Radiol. 2021;136:109500.

Katusic A, 18asegi IZ, Rado$ M, et al. Transient structural MRI patterns
correlate with the motor functions in preterm infants. Brain Dev.
2021;43:363-71.

Martini S, Lenzi J, Paoletti V, et al. Neurodevelopmental correlates of
brain magnetic resonance imaging abnormalities in extremely low-
birth-weight infants. J Pediatr. 2023;262:113646.

151



