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Neuroimaging Studies 

The size of the extraventricular CSF compartments was measured along the frontal convexities at the 

coronal slices in transfontanellar ultrasound or MRI to calculate: the craniocortical width, the sinocortical 

width (the distance from the lateral wall of the superior sagittal sinus to the surface of the cerebral cortex), 

and the anterior part of the interhemispheric fissure (Fig. 1). In a review of the literature, Zahl et al found 

that the upper limits of a normal craniocortical width range from 4 to 10 mm in infants <1 year of age, 

and from 3.3 to 5 mm in neonates. [11] The defined upper limit of the normal interhemispheric fissure 

width ranges from 6 to 8.5 mm, whereas a comparable spectrum for the sinocortical width is from 2 to 10 

mm.[11] Prassopoulos and Cavouras showed that the extent of the subarachnoid spaces is not gender 

dependent, either in children younger or older than 3 years. [8] Consequently, to establish the diagnosis of 

BEH we required that at least one of three measurements of the frontal subarachnoid space was greater 

than 10 mm. 

Ventricular volume —in transfontanellar ultrasound, CT scan or MRI— was estimated in all children 

using the Evans’ index (EI) [5, 9] calculated as the maximum width between the frontal horns of the 

lateral ventricles and the maximum transverse inner diameter of the skull at the same axial slice in the CT 

scan and MRI and in the same coronal slice in transfontanellar ultrasound (Fig. 1). Only patients with an 

Evans Index ≤ 0.35 were included in this study. 

 



Psychomotor development assessment 

The Bayley-III scales. Bayley’s third edition was published in 2006 and was designed to assess 

the developmental functioning of infants and toddlers from 16 days to 42 months 15 days of age, and the 

raw data was compared to a standardized norm of US children. [1–3] The Bayley-III scale has five 

distinct scales: Cognitive, Language, Motor, Social-Emotional, and Adaptive Behavior. [1–3] In our 

study, we used the Cognitive, Language, and Motor scales. In Bayley-III, the examinee’s chronological 

age (adjusted for prematurity if required) defines a starting point designated by a letter A through Q.  This 

letter is used to determine the starting item for the Cognitive, Language, and Motor scales. [1–3]  The 

Language scale consists of the receptive and expressive language subscales, and the motor scale has a fine 

and gross motor subscale. In the three selected scales, Bayley-III yields three composite scores reflecting 

infants’ cognitive, language, and motor development. The composite language score combines expressive 

and receptive language together, and the composite motor score includes both gross and fine motor scales 

that are converted to a composite standardized score with a mean of 100 and an SD of 15. [1, 2] To 

improve the sensitivity of Bayley-III, we also used the expressive and receptive language and fine and 

gross motor development subscales independently as they might identify differences in the language and 

the motor development, which might be hidden in composite scores. In the subscales, the standardized 

scores have a normative mean of 10 and an SD of 3 [2].  

Standardization sample: In Bayley-IIII, the standardization sample for the Cognitive, Language, and 

Motor scales included 1700 children aged 1 month to 42 months, divided into 17 separate age groups, 

with 100 individuals in each group. [1] Only children who were born at 36 to 42 weeks gestation and who 

were typically developing were included in the standardization sample.  

Test situation. Children were always tested in the presence of at least one caregiver. The test 

was performed in properly-ventilated, well-illuminated clinical rooms. An appropriate setting was created 

before the entrance of the patients, separate from any distracting material. Toys were used to make the 

child and the caregiver feeling comfortable before starting the assessment. Cognitive, receptive, and 

expressive language and fine motor items of the Bayley III were tested with the child sitting alone or on 

the caregiver’s lap in front of a table. Gross motor items of the Bayley-III were assessed on the floor. The 

situation was adjusted according to the individual child’s needs. The examiner started with a preliminary 

interview and the assessment explanation to the caregiver, and then, the test was performed, giving 

periodical breaks to the child. 

Statistical analysis 

Multiple logistic regression model (MLR). MLR was used to explore the relationships between 

predictors and the outcome variable from the effects of covariates. The outcome variable was described as 

any detected delay in the simple or composite scales of the Bayley-III with the criteria already described. 

The absence of delay in any scale was coded as 0 and as 1 when the child presented at least a delay in any 

single or composite scale. We applied the general linear model (glm) function in R using the binomial 

family. Preselected input variables were introduced in the model according to the ‘purposeful method’ 

suggested by Hosmer et al. [7] Independent predictors for any delay were age, weight at birth, 

prematurity, and most of the demographic variables recorded in this cohort. All variables with p < 0.25 in 



the univariate analysis were then entered in an MLR analysis. [7] Variables that were not statistically 

significant at p <0.05 were eliminated, and a new model was generated without them. In the third step, 

variables excluded in the univariate analysis were added individually to the final model to test statistical 

significance. In the final model, the original coefficients, their statistical significance, the 95% confidence 

intervals (CI), and the odds ratio (OR) were reported. A 2-tailed p-value <0.05 was considered 

statistically significant for the MLR. Nagelkerke pseudo-R-squared values were used as a goodness-of-fit 

measurement for the model.  

The variables that were clinically relevant and/or statistically significant (p < 0.25) in univariate analysis 

were included in the first model. Thirteen covariates were included in the first MLR model: age in 

months, gestational age, sex, Apgar score, birth weight, prematurity, macrocephaly frequency, Evan’s 

index, ethnicity, father and mother education in years, and father and mother’s HC. In a second iteration, 

a new reduced model fit was tested using the covariates that were statistically significant (p ≤ 0.05) in the 

initial model. Deleting, refitting, and verifying covariates were continued until all relevant variables were 

included in the model, with those excluded being clinically and/or statistically irrelevant. The final model 

included only non-complicated prematurity as the only independent factor for the detection of any 

developmental delay in infants or children with BEH.  

Limitations and future directions 

A limitation of our study is the use of the Bayley-III scales since it was standardized on an American 

pediatric population. Differences in cross-cultural performance in Bayley-II and III have been described 

when comparing infants from different countries. [6] Chinta et al. have shown that Bayley-III 

underestimates developmental delay in healthy 3-year-old Australian children. [4] Ideally, differences in 

cross-cultural performance require a validation of the scales with a country-specific cohort of healthy 

children. Although the validity of the scales has been verified in a cohort of Spanish children with autism, 

[10] ideally Bayley-III should be re-standardized on a local population of healthy children. The main risk 

of this lack of local controls is that children with delays are not detected, and therefore they are 

disregarded as candidates for early intervention and follow-up.  

Future studies on BEH need to use similar inclusion criteria, standards for clinical thresholds with 

homogeneous and standardized tools for evaluating developmental delay and for long term follow-ups. 

Many studies have shown that prematurity and body weight at birth are risk factors for 

neurodevelopmental deficits compared to full-term children. Our findings that uncomplicated prematurity 

is a risk factor for delay in patients with BEH should be replicated in a larger cohort of patients. To 

confirm the presence of a long-term delay in premature and full-term BEH children, we need a larger 

number of patients with information about long-term follow-up.  
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