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Abstract

Background and Objectives: Advances in perinatal and neonatal care have improved sur-
vival in preterm infants, yet neurodevelopmental impairment remains a major concern.
A considerable proportion of preterm infants with normal or only mildly abnormal neu-
roimaging findings still develop neurodevelopmental difficulties, highlighting the need
for more sensitive imaging markers beyond the detection of major brain lesions. Cranial
ultrasound is a widely used bedside imaging tool that enables both detection of brain injury
and quantitative assessment of brain growth. This study aimed to evaluate the association
between early and term-equivalent cranial ultrasound morphometric parameters, head cir-
cumference, and neurodevelopmental outcomes assessed by the Bayley Scales of Infant and
Toddler Development, Fourth Edition (Bayley-4). Materials and Methods: This exploratory
observational study included 22 preterm infants admitted to a neonatal intensive care
unit. Cranial ultrasound examinations were performed within the first 72 h of life and
at term-equivalent age (37–40 weeks postmenstrual age). Measured parameters included
the Levene index, lateral ventricular width, third ventricle width, subarachnoid space,
and interhemispheric fissure. Head circumference was analyzed as an additional marker
of postnatal brain growth. Neurodevelopment was assessed at 12–14 months corrected
age using Bayley-4. Associations were analyzed using Spearman’s rank correlation. Re-
sults: Significant correlations were more frequent at term-equivalent age than in the early
neonatal period. Early measurements showed positive associations between ventricular
parameters and motor outcomes, as well as between head circumference and receptive
communication (p < 0.01). Third ventricle width was also associated with receptive com-
munication. At term-equivalent age, lateral ventricular width demonstrated consistent
negative correlations with motor and language outcomes, with strong associations in motor
domains (p < 0.01). Head circumference showed limited positive associations, reaching
significance only for personal–social skills, while third ventricle width was associated with
play and leisure activities. Conclusions: Morphometric cranial ultrasound measurements,
particularly those obtained at term-equivalent age, may provide valuable additional infor-
mation about early neurodevelopment in preterm infants. Head circumference reflected
postnatal brain growth but showed less consistent associations with neurodevelopmental
outcomes than ventricular morphometric parameters. Larger prospective studies with
longer follow-up are needed to confirm these findings and define the prognostic value
of individual cranial ultrasound morphometric parameters and head circumference for
predicting neurodevelopmental outcomes in preterm infants.
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1. Introduction
Advances in perinatal and neonatal care over recent decades have substantially im-

proved the survival of preterm infants, particularly those born extremely preterm. How-
ever, improved survival has been accompanied by an increasing number of children who
experience neurodevelopmental impairments, one of the most important long-term con-
sequences of prematurity. It is estimated that approximately 20–40% of preterm infants
develop some form of neurodevelopmental difficulty affecting motor, cognitive, language,
or socioemotional domains. These difficulties may manifest as cerebral palsy, develop-
mental coordination disorder, language delay, cognitive impairment, learning difficulties,
attention-deficit/hyperactivity disorder, and behavioural problems.

Even in the absence of major structural brain injury, subtle developmental difficulties
may occur later in childhood, in attention, executive functioning, and learning abilities [1,2].
The period between the 24th and 40th weeks of gestation is characterized by rapid matura-
tion of oligodendrocytes and intensive white matter development, representing a phase
of increased vulnerability to hypoxic–ischemic events, inflammation, hemodynamic insta-
bility, and metabolic disturbances. Pre-oligodendrocytes, which predominate during this
period, are sensitive to oxidative stress and inflammation, accounting for the high incidence
of white matter injury in preterm infants and its association with later motor and cognitive
impairments [3,4]. White matter injury, intraventricular hemorrhage, and disturbances of
brain maturation represent the most common neuropathological substrates of neurodevel-
opmental impairment in preterm infants. However, it is well recognized that a considerable
proportion of infants with normal or only mildly abnormal neuroimaging findings may
still experience functioning difficulties. This suggests that an approach focused exclusively
on detecting major lesions is insufficient for precise assessment of neurodevelopmental
risk [5].

Cranial ultrasound is the primary imaging modality for evaluating the brain in preterm
infants due to its availability, safety, bedside applicability, and suitability for serial examina-
tions. Ultrasound enables the detection of intraventricular hemorrhage, post-hemorrhagic
ventricular dilatation, periventricular leukomalacia, and other pathological changes, but
also allows quantitative measurements of brain structures and cerebrospinal fluid spaces [6].
Although numerous cranial ultrasound morphometric measurements have been described,
parameters such as the Levene index, lateral ventricular width, interhemispheric fissure,
and subarachnoid space remain insufficiently explored as predictors of neurodevelop-
ment. These measurements are simple and easy to perform in everyday neonatal practice,
making them particularly suitable for widespread clinical application. These parameters
may reflect the relationship between brain parenchymal growth and cerebrospinal fluid
spaces and may indirectly indicate disturbances in brain maturation [6]. Unlike qualitative
assessment of lesions, morphometric measurements enable the continuous monitoring of
development and potentially earlier identification of abnormalities, even in the absence
of clearly visible pathological changes [6]. Assessment of the brain at term-equivalent age
is important because findings at this stage reflect the cumulative effects of prenatal and
postnatal factors, including respiratory complications, infections, hemodynamic distur-
bances, and nutritional status. Previous studies have shown that ultrasound findings at
term-equivalent age may have greater prognostic value for later neurodevelopment than
findings obtained in the early neonatal period, largely because they allow for the evalu-
ation of brain growth dynamics and maturation of brain parenchyma [7]. Standardized
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developmental tests are widely used for objective assessment of neurodevelopmental in
early childhood. Among these, the Bayley Scales of Infant and Toddler Development are
considered an international standard. The most recent version, Bayley-4, enables detailed
assessment of cognitive, motor, language, socioemotional development, and adaptive
behaviour and has improved psychometric properties compared with earlier versions of
the test [8]. Despite their widespread use, methodological limitations and challenges in
interpreting Bayley results are frequently discussed in the literature, particularly in preterm
populations. Some studies suggest that developmental impairments may be underesti-
mated in early assessments, emphasizing the importance of long-term follow-up in this
population [9]. There is a growing interest in early biomarkers of neurodevelopmental
outcomes. However, most previous studies have focused on severe ultrasound lesions or
on single measurements at limited time points, without systematic evaluation of dynamic
changes. Furthermore, relatively few studies have analyzed morphometric parameters
as continuous variables and examined their associations with specific developmental do-
mains, such as cognitive, language, and motor outcomes. A better understanding of these
relationships could contribute to the development of more reliable early risk-assessment
models and enable a more individualized approach to follow-up and early intervention in
preterm infants.

The aim of this study was to evaluate the associations between early and term-
equivalent cranial ultrasound morphometric parameters, head circumference, and neurode-
velopmental outcomes assessed using the Bayley Scales of Infant and Toddler Development,
Fourth Edition (Bayley-4), hypothesizing that these parameters would be associated with
early neurodevelopmental outcomes in preterm infants.

2. Materials and Methods
2.1. Study Design and Setting

This exploratory study included preterm infants born before 36 weeks of gestation
and admitted to the neonatal intensive care unit at the Clinical Hospital Centre Rijeka,
Croatia. According to local clinical protocols, all infants born before 36 weeks of gestation
are routinely admitted to the neonatal intensive care unit or a high-dependency neonatal
care unit for monitoring and management.

All infants underwent cranial ultrasound examinations both in the early neonatal
period (within the first 72 h of life) and at term-equivalent age (37–40 weeks of corrected
gestational age) and were subsequently enrolled in a standardized neurodevelopmental
follow-up program. Neurodevelopmental outcomes were assessed at 12–14 months of
corrected age using the Bayley Scales of Infant and Toddler Development, Fourth Edition
(Bayley-4).

2.2. Participants
2.2.1. Inclusion Criteria

• Gestational age at birth < 36 weeks;
• Written informed parental consent for participation in the study;
• Available cranial ultrasound measurements within the first 72 h of life;
• Available cranial ultrasound measurements at term-equivalent age (37–40 weeks

postmenstrual age);
• Available Bayley-4 neurodevelopmental assessment at 12–14 months corrected age.
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2.2.2. Exclusion Criteria

• Incomplete ultrasound measurements at any of the predefined time points;
• Unavailable or incomplete neurodevelopmental assessment;
• Major congenital malformations of the central nervous system;
• Genetic syndromes known to affect neurodevelopment independently.

All included infants were treated according to standard clinical protocols of the neona-
tal intensive care unit.

2.3. Cranial Ultrasound Examination

Cranial ultrasound examinations were performed using a standard technique through
the anterior fontanelle by one of three experienced pediatricians trained in neonatal neu-
rosonography, using a Mindray DC series ultrasound system with a microconvex trans-
ducer (5–8 MHz). Before the start of the study, the examiners agreed on standardized
anatomical landmarks and measurement planes according to established neonatal cranial
ultrasonography guidelines. Examinations were performed within the first 72 h of life and
at term-equivalent age (37–40 weeks postmenstrual age), and all images were stored in
DICOM format. The stored ultrasound images were subsequently reviewed independently
by all three examiners, who were blinded to each other’s measurements. For each param-
eter, the mean of the three independent measurements was used for statistical analysis.
Measurements were obtained in standard bilateral coronal planes at the level of the insula.

The following morphometric parameters were analyzed:

• Levene index (left and right);
• Lateral ventricular width (left and right);
• Subarachnoid space width;
• Interhemispheric fissure width;
• Third ventricle width.

All measurements were recorded in millimetres (mm). Decimal values were rounded
to the nearest whole millimetre according to standard rounding rules (≤0.4 mm rounded
down and ≥0.5 mm rounded up). Measurements were performed by three trained pedia-
tricians experienced in neonatal neurosonography, using the same measurement protocol
and anatomical landmarks to minimize interobserver variability. All measurements were
digitally stored on the ultrasound system, and data were analyzed anonymously.

Head circumference at birth and the term-equivalent age (in centimetres (cm), rounded
to 0.5 cm) were recorded.

2.4. Neurodevelopmental Assessment

Neurodevelopmental outcomes were assessed using the Bayley Scales of Infant and
Toddler Development, Fourth Edition (Bayley-4). Testing was performed at 12–14 months
of corrected age as part of the routine neurodevelopment follow-up program for
preterm infants. Assessments were conducted by a trained pediatrician certified in
Bayley-4 administration.

Standard scores were analyzed for the following domains:

• Cognitive development;
• Motor development (gross and fine motor skills);
• Language development (receptive communication, reflecting language comprehen-

sion, and expressive communication);
• Socioemotional development;
• Adaptive behaviour.
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2.5. Variables and Data Collection

The following variables were collected:

• Gestational age at birth;
• Head circumference at birth and at term-equivalent age;
• Cranial ultrasound measurements in the early neonatal period (first 72 h of life);
• Cranial ultrasound measurements at term-equivalent age (37–40 weeks postmenstrual age);
• Bayley-4 results at 12–14 months corrected age.

2.6. Statistical Analysis

Statistical analysis was performed with the aim of preliminary variable screening
and identification of potential associations between morphometric cranial ultrasound
parameters and neurodevelopmental outcomes. All analyses were conducted using the R
statistical environment (R Core Team, 2022) [10].

Descriptive statistics were presented using

• Medians;
• Interquartile ranges (Q1–Q3);
• Minimum and maximum values.

Associations between continuous variables were assessed using Spearman’s rank
correlation coefficient. Given the exploratory nature of the study and the relatively small
sample size, a non-parametric correlation method was considered the most appropriate
approach for evaluating associations between continuous variables without assuming
normal data distribution. Statistical significance was set at p < 0.05, and results with p < 0.01
were interpreted as highly statistically significant. The primary aim of the analysis was to
identify potentially relevant associations between cranial ultrasound measurements and
neurodevelopmental outcomes that could be further investigated and confirmed in future
larger prospective studies.

2.7. Ethical Considerations

The study was conducted in accordance with the ethical principles of the Declaration
of Helsinki. Data were collected and analyzed anonymously in accordance with personal
data protection regulations. Parents or legal guardians provided informed consent for
diagnostic and neurodevelopment procedures performed as part of standard clinical care,
as well as for the use of anonymized data for scientific purposes. The study protocol was
approved by the Ethics Committee of the Clinical Hospital Centre Rijeka.

3. Results
3.1. Participant Characteristics

Initially, 28 preterm infants were enrolled in the study. Six infants were excluded
from the final analysis: five died before completion of follow-up (including two with
severe congenital anomalies), and one infant was excluded because of a major neurological
malformation (congenital hydrocephalus). The final study cohort consisted of 22 preterm
infants, of whom 9 (40.9%) were male and 13 (59.1%) female. The mean gestational age
at birth was 31.1 ± 2.8 weeks. The mean birth weight was 1540 ± 620 g, the mean birth
length was 40 ± 5 cm, and the mean head circumference was 28.8 ± 3.0 cm. Major neonatal
morbidities included culture-proven sepsis, bronchopulmonary dysplasia, retinopathy
of prematurity, necrotizing enterocolitis, and intraventricular hemorrhage. Additional
demographic, anthropometric, and clinical characteristics are presented in Table 1.
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Table 1. Baseline characteristics of the study population (N = 22).

Characteristic Value

Male sex, n (%) 9 (40.9)

Female sex, n (%) 13 (59.1)

Gestational age, weeks, mean ± SD 31.1 ± 2.8

Birth weight, g, mean ± SD 1540 ± 620

Birth weight percentile (Fenton 2025 [11]), median (IQR) 47 (25–61)

Birth weight Z-score, mean ± SD −0.09 ± 1.05

Birth weight < 10th percentile, n (%) 3 (13.6)

Birth weight > 90th percentile, n (%) 1 (4.5)

Birth length, cm, mean ± SD 40 ± 5

Birth length percentile (Fenton 2025 [11]), median (IQR) 37.8 (31.5–51.1)

Head circumference at birth, cm, mean ± SD 28.8 ± 3.0

Head circumference percentile (Fenton 2025 [11]), median (IQR) 55 (28–74)

Head circumference Z-score, mean ± SD 0.12 ± 0.87

Head circumference < 10th percentile, n (%) 1 (4.5)

Head circumference > 90th percentile, n (%) 2 (9.1)

Culture-proven sepsis, n (%) 5 (22.7)

Bronchopulmonary dysplasia, n (%) 1 (4.5)

Retinopathy of prematurity, n (%) 6 (27.3)

Necrotizing enterocolitis, n (%) 2 (9.1)

Intraventricular hemorrhage, n (%) 10 (45.5)
Data are presented as number (n) and percentage (%) for categorical variables and as summary statistics for
continuous variables.

3.2. Descriptive Statistics of Neurodevelopmental Outcomes

Median standard scores across Bayley-4 domains ranged between 9 and 17 points. The
greatest variability was observed in the motor domains, particularly in fine motor skills and
total motor scores, whereas cognitive and most language domains showed narrower ranges
of values. The socioemotional domain and adaptive behavior also demonstrated wider
ranges of scores compared with most other domains. The distribution of results across
individual Bayley domains is presented graphically using a boxplot diagram (Figure 1),
illustrating medians, interquartile ranges, and total ranges. The greatest dispersion was
observed in the fine motor domain, which showed the widest overall range of values.
Increased variability was also observed in gross motor skills and total motor scores. Cogni-
tive and language subdomains demonstrated more uniform distributions with narrower
interquartile ranges. The socioemotional domain and composite adaptive behaviour scores
showed wider distributions, and isolated outliers were observed in some domains.

3.3. Descriptive Statistics of Ultrasound Measurements

Descriptive statistics of morphometric cranial ultrasound parameters and head cir-
cumference are presented in Figure 2. In the early neonatal period, values for the Levene
index, lateral ventricular width, third ventricular width, subarachnoid space, and interhemi-
spheric fissure showed relatively narrow ranges and low variability. At term-equivalent
age, median values of most measured parameters were higher in comparison to the early
neonatal period, with somewhat wider ranges, particularly in lateral ventricular measure-
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ments. Measurements of the third ventricle, subarachnoid space, and interhemispheric
fissure remained relatively stable and showed low variability. Head circumference showed
the expected increase in median values and overall range between the early neonatal period
and term-equivalent age. The distribution of ultrasound variables in the early neonatal
period and at term-equivalent age is illustrated in Figure 3.

Figure 1. Distribution of Bayley-4 domain scores at 12–14 months corrected age.

Figure 2. Distribution of morphometric cranial ultrasound parameters in the early neonatal period
and at term-equivalent age.

3.4. Associations Between Ultrasound Parameters and Neurodevelopmental Outcomes

In the early neonatal period, several moderate correlations were observed, primarily
involving ventricular parameters and motor outcomes. A positive, statistically signifi-
cant correlation was observed between ventricular measurements and fine motor perfor-
mance, with correlation coefficients ρ = 0.56 (p < 0.01). In addition, head circumference
demonstrated several positive correlations with developmental outcomes. A moderate
positive correlation was observed with fine motor performance (ρ = 0.25) and language
score (ρ = 0.44). The strongest association was observed between head circumference and
receptive communication, with a statistically significant correlation (ρ = 0.54; p < 0.01).
Furthermore, third ventricle width in the early neonatal period showed a statistically sig-
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nificant positive correlation with receptive communication (ρ = 0.49; p < 0.05). However,
despite these individual associations, findings in the early neonatal period were not consis-
tent across developmental domains. Most ultrasound parameters demonstrated weak or
non-significant correlations with cognitive, language, and socioemotional outcomes, and
no clear or systematic pattern of association was observed. The results are presented in
Figures 3 and 4.

Figure 3. Spearman correlations between early neonatal ultrasound parameters and Bayley-4 out-
comes. * Asterisks indicate statistical significance (* p < 0.05; ** p < 0.01).

Figure 4. Spearman correlations between term-equivalent age ultrasound parameters and Bayley-4
outcomes. * Asterisks indicate statistical significance (* p < 0.05; ** p < 0.01).
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At term-equivalent age, correlations were stronger and more consistent compared
to those observed in the early neonatal period. Head circumference at term-equivalent
age showed predominantly positive associations with neurodevelopmental outcomes,
with a statistically significant moderate positive correlation observed for personal skills
(ρ = 0.44; p < 0.05), while moderate positive but non-significant correlations were found for
gross motor performance (ρ = 0.37), total motor score (ρ = 0.36), receptive communication
(ρ = 0.36), and interpersonal relationships (ρ = 0.38), and a weak non-significant correlation
for cognitive development (ρ = 0.25). Lateral ventricular width at term-equivalent age
demonstrated the most consistent associations with neurodevelopmental outcomes, show-
ing negative correlations across multiple domains. On the right side, statistically significant
negative correlations were observed with total motor score (ρ = −0.52; p < 0.05), language
score (ρ = −0.51; p < 0.05), and gross motor performance (ρ = −0.47; p < 0.05). On the left
side of brain ventricular width showed statistically significant negative correlations with
total motor score (ρ = −0.54; p < 0.01), language score (ρ = −0.47; p < 0.05), gross motor
performance (ρ = −0.46; p < 0.05), receptive communication (ρ = −0.44; p < 0.05), and
cognitive development (ρ = −0.45; p < 0.05). A statistically significant positive correlation
was observed between third ventricle width at term-equivalent age and the domain of
play and leisure activities (ρ = 0.42; p < 0.05). No other consistent or statistically significant
associations were identified for this parameter. Other ultrasound parameters, including
subarachnoid space, interhemispheric fissure, and Levene index, did not demonstrate
consistent or statistically significant correlations with neurodevelopmental outcomes.

4. Discussion
This study analyzed the association between morphometric cranial ultrasound param-

eters, obtained in the early neonatal period and at term-equivalent age, head circumference
as an anthropometric marker of postnatal brain growth, and neurodevelopmental outcomes
assessed using the Bayley-4 scales in preterm infants.

The main finding of this study was that statistically significant associations with neu-
rodevelopmental outcomes were more frequent and more consistent for measurements
obtained at term-equivalent age than for those obtained in the early neonatal period.
This finding is in line with the general concept that imaging performed closer to term
better reflects cumulative brain growth and maturation in preterm infants than measure-
ments obtained in the first days of life. Previous studies have similarly emphasized the
prognostic importance of neuroimaging at term-equivalent age, particularly in relation
to later neurodevelopmental outcomes [7]. While our findings are consistent with pre-
vious evidence, our study adds to the existing literature by examining the associations
between individual cranial ultrasound morphometric parameters and specific Bayley-4
developmental domains.

In the early neonatal period, several significant associations were identified, including
positive correlations between ventricular parameters and fine motor outcomes, between
head circumference and receptive communication, and between third ventricle width and
receptive communication. Because of the small sample size and exploratory design, these
early associations should be interpreted with caution. Measurements obtained within the
first 72 h of life primarily reflect the initial structural condition of the brain rather than the
subsequent postnatal course, during which disturbances of brain maturation may evolve
despite the absence of major structural brain injury [12]. For this reason, isolated early
correlations may be less stable and less reflective of underlying brain development than
associations observed at term-equivalent age [13–15].

At term-equivalent age, lateral ventricular width showed consistent associations
across multiple neurodevelopmental domains. Larger ventricular widths on both sides
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were associated with less favorable motor and language outcomes, while on the left side
additional associations were observed with cognitive and receptive communication scores.
These findings suggest that increased ventricular size at term-equivalent age may reflect
altered brain growth or relatively reduced surrounding brain parenchyma, representing
a marker of vulnerability associated with adverse motor, language, and cognitive out-
comes. Such an interpretation is biologically plausible, since ventricular enlargement in
preterm infants is often considered in the context of impaired white matter growth or more
diffuse disturbances of brain maturation rather than only overt destructive lesions [16].
Previous studies have reported associations between ventricular size and impaired neu-
rodevelopment in preterm infants, although the exact parameters and developmental
domains have varied across studies [17–19]. Therefore, our results support the view that
ventricular dimensions at term-equivalent age may serve as a useful indirect marker of
neurodevelopment vulnerability.

Head circumference showed positive associations with several developmental do-
mains, both in the early period and at term-equivalent age, although at term-equivalent
age statistical significance was observed only for personal skills. These findings are con-
sistent with the broader concept that head growth reflects overall postnatal brain growth.
Previous studies have shown associations between poorer postnatal head growth, smaller
brain volume, and less favorable neurodevelopmental outcomes in preterm infants [20–22].
However, in our cohort, head circumference was less consistently associated with Bayley-4
domains than ventricular width at term-equivalent age, suggesting that it reflects over-
all postnatal brain growth but should not be interpreted as an independent predictor of
neurodevelopmental outcomes. This interpretation is also consistent with previous evi-
dence indicating that head circumference alone has limited sensitivity and specificity for
predicting later neurodevelopmental impairment [23].

An additional finding was a positive association between third ventricle width and
receptive communication in the early neonatal period, as well as between third ventricle
width at term-equivalent age and play and leisure activities. These findings should be
interpreted with particular caution. To our knowledge, such specific associations have not
been consistently established in the literature, and our study was not designed to explain
them mechanistically. They may reflect subtle aspects of maturation of deep midline
structures, but they may also represent exploratory findings related to sample size and
multiple tested associations [19]. For that reason, these results should be regarded as
hypothesis-generating rather than conclusive.

Motor-related outcomes appeared particularly sensitive in this study. This is note-
worthy because motor development in preterm infants is known to be closely linked to
white matter integrity and overall maturation of periventricular pathways [24]. At the
same time, the descriptive analysis also showed relatively broad variability in motor scores,
which may have made these domains more likely to reveal associations with morphometric
ultrasound parameters.

By contrast, the subarachnoid space, interhemispheric fissure, and Levene index did
not show consistent associations with neurodevelopmental outcomes. In this cohort, these
parameters appeared less informative than ventricular width [19]. This does not necessarily
mean that such measurements are clinically unimportant, but rather that their relationship
with early Bayley-4 outcome was less evident in the present exploratory sample.

This study has several limitations. The small sample size limits statistical power and
increases the possibility that some observed associations may be unstable. Due to the small
sample size, it was not possible to perform multivariable analyses or adjust the results for
potential factors that may influence neurodevelopmental outcomes, such as sex, growth
restriction, neonatal morbidities, and other clinical characteristics. Another limitation
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is that interobserver variability was not formally assessed. The exploratory design and
absence of adjustment for multiple comparisons also require cautious interpretation. In
addition, neurodevelopment was assessed at 12–14 months corrected age, which is still an
early developmental time point, and some later-emerging difficulties, especially in higher
cognitive and behavioural domains, may not yet have become apparent [25,26]. A separate
control group of term-born infants was not included because the primary objective of
the study was to evaluate associations within the preterm cohort. Neurodevelopmental
outcomes were assessed using standardized Bayley-4 scores referenced to a normative
population. Despite these limitations, the study suggests that morphometric cranial ul-
trasound measurements, particularly ventricular dimensions assessed at term-equivalent
age, may provide useful additional information about early neurodevelopment in preterm
infants. Head circumference remains an important marker of postnatal growth, but in this
cohort, ventricular width at term-equivalent age showed the clearest and most consistent
associations with developmental outcomes. These findings support the potential value
of combining serial cranial ultrasound morphometry with routine clinical follow-up to
identify infants who may require closer developmental surveillance.

5. Conclusions
This exploratory study suggests that morphometric cranial ultrasound measurements,

particularly those obtained at term-equivalent age, may provide valuable additional infor-
mation about early brain growth and neurodevelopment in preterm infants. Measurements
performed at term-equivalent age demonstrated stronger and more consistent associations
with developmental outcomes than those obtained in the early neonatal period, support-
ing the importance of brain assessment at this developmental stage. Head circumference
at term-equivalent age reflects postnatal brain growth but demonstrated less consistent
associations with neurodevelopmental outcomes than ventricular morphometric parame-
ters in our cohort, suggesting that it should not be interpreted as a standalone marker of
neurodevelopmental outcome. Quantitative ultrasound parameters, particularly ventricu-
lar dimensions, may reflect subtle variations in brain maturation that are not detectable
through qualitative imaging alone. Our findings suggest that specific cranial ultrasound
morphometric parameters are associated with distinct domains of early neurodevelopment.
Larger prospective studies with longer follow-up are needed to confirm these findings and
define the prognostic value of individual cranial ultrasound morphometric parameters and
head circumference for predicting neurodevelopmental outcomes in preterm infants.
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Abbreviations

AGA Appropriate for gestational age
LVI-R Levene ventricular index, right side, measured within the first 72 h of life
LVI-L Levene ventricular index, left side, measured within the first 72 h of life
LVW-R Lateral ventricle width, right side, measured within the first 72 h of life
LVW-L Lateral ventricle width, left side, measured within the first 72 h of life
3V Third ventricle width, measured within the first 72 h of life
SAS Subarachnoid space width, measured within the first 72 h of life
IHF Interhemispheric fissure width, measured within the first 72 h of life
HC Head circumference, measured within the first 72 h of life
LGA Large for gestational age
LVI-R-TEA Levene ventricular index, right side at term-equivalent age
LVI-L-TEA Levene ventricular index, left side at term-equivalent age
LVW-R-TEA Lateral ventricle width, right side at term-equivalent age
LVW-L-TEA Lateral ventricle width, left side at term-equivalent age
3V-TEA Third ventricle width at term-equivalent age
SAS-TEA Subarachnoid space width at term-equivalent age
IHF-TEA Interhemispheric fissure width at term-equivalent age
HC-TEA Head circumference at term-equivalent age
Cog-Scaled Scaled score, cognitive development
RC-Scaled Scaled score, receptive communication
EC-Scaled Scaled score, expressive communication
Lang-Sum Sum of scaled scores for receptive and expressive communication
FM-Scaled Scaled score, fine motor scale
GM-Scaled Scaled score, gross motor scale
Motor-Sum Sum of scaled scores for fine and gross motor scales
SE-Scaled Scaled score, socio-emotional scale
SGA Small for gestational age
AR-Scaled Scaled score, adaptive receptive behaviour
AE-Scaled Scaled score, adaptive expressive behaviour
PS-Scaled Scaled score, personal skills
IR-Scaled Scaled score, interpersonal relationships
PL-Scaled Scaled score, play and leisure activities
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