
https://doi.org/10.1007/s11682-021-00559-9

ORIGINAL RESEARCH

Predictive value of brain MRI at term‑equivalent age in extremely 
preterm children on neurodevelopmental outcome at school‑age

Aurélie Garbi1 · Gaelle Sorin1 · Stéphanie Coze2 · Noémie Resseguier3 · Véronique Brévaut‑Malaty1 · 
Stéphane Marret4 · Jean‑Baptiste Muller5 · Barthélémy Tosello1,6,7  · Catherine Gire1,2 · forthe GPQOL study Group

Accepted: 13 September 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract
This study’s objective was to correlate the abnormalities in brain MRIs performed at corrected-term age for minor or moder-
ate neurocognitive disorders in children school-age born extremely premature (EPT) and without serious sequelae such as 
autism, cerebral palsy, mental impairment. Data were issued from a cross-sectional multicenter study (GP-Qol study, number 
NCT01675726). Clinical examination and psychometric assessments were performed when the children were between 7 
and 10 years old during a day-long evaluation. Term-equivalent age brain MRIs on EPT were analyzed with a standardized 
scoring system. There were 114 children included in the study. The mean age at the time of evaluation, was 8.47 years old 
(± 0.70). 59% of children with at least one cognitive impairment and 53% who had a dysexecutive disorder. Only ten EPT 
(8.7%) presented moderate to severe white and grey matter abnormalities. These moderate to severe grey matter abnormalities 
were associated with at least two abnormal executive functions [OR 3.08 (95% CI 1.04–8.79), p = 0.04] and language delay 
[OR 3.25 (95% CI 1.03–9.80), p = 0.04]. These results remained significant in the multivariate analysis. Moderate to severe 
ventricular dilatation abnormalities (15%, n = 17) were associated with ideomotor dyspraxia [OR 7.49 (95% CI 1.48–35.95), 
p = 0.02] and remained significant in multivariate analysis [OR 11.2 (95% CI 1.45–131.4), p = 0.02]. Biparietal corrected 
diameters were moderate abnormal in 20% of cases (n = 23) and were associated to visuo spatial integration delay [OR 4.13 
(95% CI 1.23–13.63), p = 0.02]. Cerebral MRI at term-equivalent age with scoring system analysis can provide information 
on long-term neuropsychological outcomes at school-age in EPTs children having no severe disability.
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Introduction

There has been a decline in severe sensorimotor or cog-
nitive disorders among extremely preterm infants (EPT) 
(Adams-Chapman et al., 2018). This decline is notable in 
conjunction with cerebral palsy rates (Pierrat et al., 2014). 
Nonetheless, EPT children continue to pose an increased 
risk for specific neuropsychological and behavioural dis-
orders (Woodward et al., 2011; Hutchinson et al., 2013). 
Learning impairments, dysexecutive syndromes, attention 
disorders, minor motor disorders and/or behavioural disor-
ders, are more common with EPT children than with term-
born children (Johnson et al., 2016; Wolke et al., 2015). 
These neuropsychological and behavioural impairments, 
classified in the literature as minor to moderate, are likely 
to have a strong impact on the child and his family (Gire 
et al., 2018). Hence, there is value in screening for these 
disorders in order to begin early management (Gire et al., 
2018).

Very preterm births (in particular extremely preterm 
births) pose risks for normal brain development even with-
out any major perinatal brain injury complications such 
as periventricular leukomalacia, intraventricular haemor-
rhage and periventricular haemorrhagic infarction. The 
non-invasive nature of an MRI is valuable for tracking 
brain development. In addition to any major brain injury 
detected on the cranial ultrasound, brain MRIs provide 
better information regarding brain maturation and size (De 
Vries & Volpe, 2013).

Adverse outcomes can occur even with the absence of 
any significant brain abnormalities and can be related to 
subtle alterations in brain development (Tich et al., 2011; 
Wood et al., 2005). The MRI findings (diffuse white mat-
ter injuries, nuclear grey matter, cerebellum lesions and 
decreased brain size of grey and white matter) are associ-
ated with neurodevelopmental deficits, which have led to 
the concept of encephalopathy of prematurity (Anderson 
et al., 2015). Diffuse Excessive High Signal Intensity is 
very common increased signal intensity in the cerebral 
white matter on T2-weighted images at term-equivalent 
age, but has no prognostic value (Volpe, 2009; Spittle 
et al., 2011; Hinojosa-Rodriguez et al., 2017). Recently, 
studies have evaluated the relationship between brain 
abnormalities on cerebral MRIs at term-equivalent age 
in preterm infants born before 30 weeks of gestation and 
executive dysfunction (Anderson et al., 2015) and cogni-
tive disorders at school age (Hintz et al., 2018). However, 
these studies focus on a small-sized population, which is 
not always consistent with gestational age and with short 
neurodevelopmental assessments (Hinojosa-Rodriguez 
et al., 2017; Anderson et al., 2015). So far, no studies 
have investigated possible relationships between neonatal 

brain anomalies in EPT and neurodevelopmental outcomes 
in these school-age children (7–10 years old), with no 
severe disabilities. Thus, the value of brain MRIs at term 
equivalent age to determine the clinical significance of 
subtle brain structural differences for school-age outcomes 
remains unclear, especially in EPT with no major impair-
ments (autism, mental retardation or CP). Our study’s 
objective was to examine the association between brain 
MRI at a term-equivalent age in EPT and cognitive impair-
ments at school age.

Methods

General framework and participants

A cross-sectional, multicentre, observational study was car-
ried out between 2012 and 2015 (GPQOL study) within five 
French Level III facilities authorised to care for EPT less 
than 28 week’s gestational age (GA) (Gire et al., 2018). Pre-
term children were recruited among 302 EPT children who 
were included in the GPQOL study (Fig. 1), the mean GA 
was 26.2 (± 0.8), birth weight was 879 (± 181) g and 51.5% 
were male. Inclusion criteria were enrolment in the GPQOL 
study with no severe disabilities (autism, mental delay, cer-
ebral palsy), and participation in a day-long evaluation with 
complete data and an MRI scanning at term-equivalent age. 
MRIs at term-equivalent age were performed without seda-
tion between 39- and 42-weeks corrected age. The children 
were placed in a 1.5 T MRI scanner and sagittal, coronal 
and axial, 3 mm thickness sections and T1 and T2 weighted 
sequences were obtained.

Then, these children, aged seven to 10 years, received a 
clinical examination, and an assessment of their motor, cog-
nitive functions and quality of life (QoL). Motor skills were 
assessed by the Touwen Infant Neurological Examination 

471 assessed for inclusion 
in GPQoL study

302 infants included

29 parental refusals

140 lost of contact

114 infants analysed

188 infants without MRI at term 
equivalent age data 

Fig. 1  Study’s flow chart

879Brain Imaging and Behavior  (2022) 16:878–887

1 3



(Hadders-Algra et al., 2010). A psychometric assessment 
was performed, using the WISC-IV (Canivez, 2014), the 
Rey’s figure (Senese et al., 2015), a short perceptual organi-
zation and memory test, and the NEPSY (NEuroPSYcho-
logical assessment) with subtests evaluating attention and 
executive functions (Korkman et al., 2001).

Psychometric assessment data

Disability was defined according to (Full scale Intelligent 
Quotient) FSIQ scores and the results of the Touwen Infant 
neurological examination:

– no disability: FSIQ ≥ 89 and Touwen normal,
– mild disabilities: FSIQ < 89 and ≥ 79 or Touwen abnor-

mal,
– moderate disability: FSIQ < 79 and ≥ 65 (Farooqi, 

Adamsson, Serenius & Hägglöf, 2016).

A “specific cognitive impairment" was considered if at 
least one of the following five specific neuropsychological 
mental illness disorders were observed: language delay, 
ideo-motor dyspraxia, visuo-integration delay, dysexecutive 
and attentional disorders (DSM IV classification of mental 
diseases).

Data brain MRI

The use of a standardized scoring system (Online Appen-
dix 1) made it possible to semi-quantitatively evaluate the 
presence of lesions and its severity in the white and grey 
matter and the cerebellum.

The cerebral white matter scale (CWM) is the sum of six 
subscales:

(1) Presence and severity of cystic lesions,
(2) Signal abnormality,
(3) Thinning of corpus callosum,
(4) Lateral ventricular dilatation,
(5) Periventricular white matter loss, and
(6) Punctate lesions.

Each item was rated from 0 to 3, except for punctate 
lesions which were rated from 0 to 2. The CWM score was 
considered as normal if ≤ 5, slightly abnormal if the score 
was between 6 and 11 and moderately to severely abnormal 
if the score was between 12 and 17 (Woodward et al., 2006).

The cortical grey matter scale (CGM) was the sum of 
three subscales, with a score of 0 to 3 (Inder Wells et al., 
2003).

(1) Signal abnormality,
(2) Delayed gyral maturation, and

(3) Increased extra cerebral space.

The CGM scale was normal if ≤ 3, slightly abnormal if 
the score was between 4 and 6 and moderately to severely 
abnormal if between 7 and 9.

The cerebellum scale was considered normal in the 
absence of any hemorrhagic punctate abnormality, slightly 
abnormal if the bleeding lesion was unilateral, and moder-
ately to severely abnormal if the abnormalities were bilat-
eral, multiple or associated with a reduction in the volume 
of the cerebellum.

Four measurements were added to the analysis 
(Kidokoro et al., 2011; Nguyen et al., 2009) The measure-
ments were taken from the coronal section and manually 
calculated:

(1) The diameter of the lateral ventricles in order to assess 
ventricular dilatation;

(2) The diameter biparietal (DBP) to evaluate any brain 
volume reduction;

(3) The interhemispheric distance (IHD) to study the extra 
cerebral space;

(4) The trans-cerebellar diameter (TCD) to study cerebel-
lum volume.

Because the DBP and TCD diameters increase with 
GA, we calculated a modified score for each according 
to the following equations: modified DBP = measured 
DBP + [1.4 × (40-GA at the time of the MRI)]; and modi-
fied TCD = TCD measured + [0.83 × (40-GA at the time 
of the MRI)].

By using these measures, patterns of impaired brain 
growth were identified (Kidokoro et al., 2011):

1. Biparietal corrected diameter: No anomaly ≥ 77 mm, 
Mild anomaly: ≥ 72 mm and < 77 mm, Moderate to 
severe anomaly < 72 mm.

2. Corrected trans-cerebellar diameter: No anom-
aly: > 47 mm, moderate to severe anomaly: ≤ 47 mm.

3. Ventricular dilatation: Normal or mild anomaly (Bilat-
eral < 7.5 mm or unilateral ≤ 10 mm), moderate to severe 
anomaly (Bilateral or unilateral ≥ 10 mm).

4. Interhemispheric distance: Normal or mild anomaly 
(< 5 mm), moderate to severe abnormality (≥ 5 mm).

Qualitative analysis and scoring were done by a radi-
ologist (SC) and a neonatologist (GS). Both physicians 
were blinded to the clinical course quantitative analysis. 
Volumetry was performed manually by a neonatologist 
(TS) and supervised by the radiologist mentioned above. 
Interobserver concordance were between 0.7 and 0.8 for 
composite GMH score and composite grey score and 
measurements.
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Data collection

Perinatal and pregnancy data collected from the medical 
records included maternal age, spontaneous or induced 
prematurity, antenatal corticosteroid therapy, multiple 
pregnancies; gestational age (weeks), birth weight, gender, 
and severe neonatal morbidities. Severe neonatal morbidi-
ties were defined as: severe bronchopulmonary dysplasia 
(defined as administration of oxygen for at least 28 days plus 
need for 30% or more oxygen and/or mechanical ventilatory 
support or continuous positive airway pressure at 36 weeks’ 
postmenstrual age); stage II and III necrotizing enterocolitis 
according to Bell’s staging; severe retinopathy of prematu-
rity (ROP), defined as stage III or more and/or laser treat-
ment; any of the following severe cerebral abnormalities on 
cranial ultrasonography (IVH III, IV white matter disease 
(periventricular leukomalacia), ventriculomegaly). The 
socio-demographic and family data, collected at the time 
of the assessment, included age, gender, parental education, 
parents’ employment, family’s material wealth, as reported 
by the child, using the Family Affluence Scale (FAS).

Statistical analysis

Qualitative variables were presented as numbers and per-
centages and quantitative data as means and standard devia-
tions. Comparisons between pregnancy and perinatal data 
were performed between both participants and non-partic-
ipant using chi-square test for qualitative data (when valid, 
Fisher test otherwise) and using Student’s t test for quantita-
tive data (when valid, Mann–Whitney test otherwise).

Univariate analyses were performed to assess the rela-
tionship between the EPT’s MRI scores at term-equivalent 
age and their neuropsychological outcomes at school age. 
For neuropsychological quantitative outcomes a univariate 
linear regression model was used. This allowed us to esti-
mate crude beta coefficients (expressing the average differ-
ence in neuropsychological results between two MRI score 
modalities), with their 95% confidence intervals. A univari-
ate logistic regression model was used for neuropsychologi-
cal results. These were expressed as binary qualitative data 
(attention deficit disorder, language delay, ideomotor dysp-
raxia, visuo-motor perception delay, dysexecutive disorders). 
This allowed us to estimate crude odds ratios (OR) (express-
ing the excess of risk to present an abnormal neuropsycho-
logical outcome between two MRI scoring modalities), with 
their 95% confidence interval.

A multivariate analysis completed this assessment in 
order to evaluate the independent effect of MRI abnormali-
ties on neuropsychological outcomes. According to the lit-
eratures’ data, a forced adjustment was done on perinatal 
factors identified as being associated with outcomes: (corti-
costeroid exposure, GA, multiple birth, gender, birth weight, 

hypotrophy [defined by a birthweight < 10th percentile 
according to Epopé curves (Ego et al., 2016)], nosocomial 
infection, retinopathy grade III, severe bronchopulmonary 
dysplasia, necrotizing enterocolitis, and intraventricular 
haemorrhage III or IV, and FAS scores. All analyses were 
carried out using R software. All tests were performed two-
sided and results were considered statistically significant if 
p < 0.05.

Results

Description of population

There were 114 children analyzed in this study (Table 1). 
The study’s population had a significantly greater neonatal 
morbidity (severe bronchopulmonary dysplasia, nosocomial 
infection) than those children not included in our analysis. 
The mean age at the evaluation was 8.47 years old (± 0.70). 
There were 42.11% of school-aged children born EPT who 
showed a mild to moderate disability. Additionally, 59% of 
children had at least one cognitive impairment and 53% had 
a dysexecutive disorder (Table 2).

MRIs at term‑equivalent age data and assessment 
outcome at school age for the study’s EPT children

Sixteen MRIs could not be interpreted because of the child's 
movements (without sedation).The majority of the EPTs 
had none to mild anomalies on cerebral term corrected age 
MRIs. Cerebellar abnormalities were found in only six chil-
dren (5.26%). The corrected biparietal diameter and cor-
rected trans-cerebellar diameter abnormalities (mild, moder-
ate to severe) were found respectively in 31.63 and 13.26% 
cases, respectively. Ventricular dilatation moderate to severe 
was found in 13.39% cases (Table 2).

MRI Correlations at term‑equivalent age data 
and assessment outcomes at school age

We found no significant association between moderate to 
severe white or grey matter abnormalities on cerebral brain 
MRIs and FSIQ scores (Table 3). The existence of moderate 
to severe grey matter abnormalities with cerebral MRIs at 
term-equivalent age has a significant correlation to: the pres-
ence of at least two abnormal executive functions [OR 3.08 
(95% CI 1.04–8.79), p = 0.04]; and with a language delay 
[OR 3.25 (95% CI 1.03–9.80), p = 0.04] at school age. After 
an adjustment for perinatal factors, the association between 
two abnormal executive functions remained significant 
in multivariate analyses [OR 5.09 (95% CI 1.35–20.82), 
p = 0.02], the association with language delay is close to 
significant [OR 3.44 (1.35–20.82), p = 0.06] (Table 3).
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There was no significant association between moderate 
to severe abnormalities of the biometric parameters meas-
ured on the cerebral MRIs and the quantitative data of the 
FSIQ and these subtests. There was a significant association 
between ideomotor dyspraxia and white matter loss {ven-
tricular dilatation [OR 7.49 (95% CI 1.48–35.95); p = 0.01], 
which remained significant in the multivariate analysis [OR 
11.2 [95% CI 1.15–131.4), p = 0.02]}. There was a signifi-
cant association between the visuo-motor integration delay 
and the biparietal corrected diameter [OR 4.13 (95% CI 
1.23–13.64), p = 0.02], this association is close to signifi-
cant in multivariate analysis [OR 4.19 (95%CI 0.81–27.63) 
p = 0.08] (Table 3).

Discussion

For the most part, those in our population who were free 
from severe neurosensory disorders had none to mild brain 
abnormalities but 42% of participants had a minor or moder-
ate cognitive disability. Previously reported by Tich el al., a 
sub-normal term MRI was predictive of no cerebral palsy, 
but a lower predictive value for minor or moderate cognitive 
impairments (Tich et al., 2011). Our study confirms that WM 
lesions did not appear to be discriminating factors for cor-
relating any occurrences of cognitive impairment at school 
age. However, several studies demonstrated the relationship 

between the brain’s WM abnormalities in neonatal MRIs and 
language abilities. (Anderson et al., 2015).

In our EP cohort, 8% had moderate to severe GM abnor-
malities versus 17% reported by Anderson et  al. with 
school-aged children (Anderson et al., 2017). We found a 
correlation between GM abnormalities and the presence of 
executive dysfunction.

Concerning the cerebellum, MRIs detected nearly 20% of 
EPs with brain cerebellar lesions versus the 5.36% noted in 
our study. This is probably because due to the fact that our 
population’s initial selection was without major neurologi-
cal disorders and our birth gestational age was lower than 
other studies (Anderson et al., 2017; Limperopoulos, 2016). 
Limperopoulos et al. correlated cerebellar involvement at 
term with language delay, poor cognitive function and 
behavioural disorders (Limpropoulos et al., 2007). Within 
our population, 13% of the cases had an abnormally sized 
cerebellum at term-equivalent age and no correlation with 
cognitive dysfunction at school age. In the literature, cere-
bellar atrophy is found in 50% of preterm infants < 30 weeks 
of gestation due to an interruption of the third trimester’s 
important in-utero growth activities (Volpe, 2009; Kidokoro 
et al., 2013).

Then, our study observed a statistically significant 
association between ventricular dilation and ideomotor 
dyspraxia and an association close to significant between 
decreased biparietal diameter and visuo-spatial integration. 
Tich et al. showed that the growth of biparietal diameter at 

Table 1  Study population 
characteristics

Data expressed as n (%) or mean (SD)
GA gestational age, WA weeks of amenorrhea, BW birth weight, SGA small for gestational age (Ego et al., 
2016), BPD bronchopulmonary dysplasia severe, defined as administration of oxygen for at least 28 days 
plus need for 30% or more oxygen and/or mechanical ventilatory support or continuous positive airway 
pressure at 36 weeks’ postmenstrual age, NEC necrotizing enterocolitis, IVH intraventricular hemorrhage, 
ROP retinopathy of prematurity, SD standard deviation;
*P-value: value for differences between groups with available data was obtained with X2 test. P ≥ 0.05

Participants 
n = 114
(mean ± SD or n, %)

Non participants n = 188
(mean ± SD or n, %)

P value*

GA in WA, (mean ± SD) 26.23 (± 0.83) 26.26 (± 0.83) 0.792
BW (grams, mean ± SD) 898 (± 173) 867 (± 186) 0.153
Male, n (%) 59 (53.15) 83 (45.36) 0.194
Multiple pregnancies, n (%) 30 (26.55) 73 (38.83) 0.029
Antenatal steroids, n (%) 97 (86.61) 166 (89.73) 0.412
SGA, n (%) 7 (6.14) 14 (7.45) 0.665
Neonatal morbidities, n (%)
 BPD 72 (63.16) 89 (48.63) 0.014
 NEC 29 (25.44) 43 (22.87) 0.611
 Late-onset sepsis 70 (61.40) 92 (49.73) 0.049
 IVH grade 3 or 4 2 (1.75) 8 (4.28) 0.328
 ROP 32 (28.57) 41 (22.28) 0.223

High socioeconomic level, n (%) 64 (57.14) 104 (57.46) 0.957
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Table 2  MRI at equivalent term 
data and assessment outcomes 
at 8 years for study children

Data expressed as n (%) or mean (SD); SD: standard deviation; WISC-IV: Wechsler Intelligence Scale for 
Children—Fourth Edition; FSIQ: Full Scale Intellectual Quotient; NEPSY (NEuroPSYchological assess-
ment)
*MRI data: 1The CWM score was considered as normal if ≤ 5, slightly abnormal if it was between 6–11 
and moderately to severely abnormal if it was between 12 and 17. 2The CGM scale was normal if ≤ 3, 
slightly abnormal if the score was between4-6 and moderately to severely abnormal if between 7 and 9. 

Cerebral corrected term MRIs* N (%) or mean (± SD)

Cerebral White Matter (CWM)1

 No anomaly 2 (1.75)
 Mild anomaly 111 (97.37)
 Moderate to severe anomaly 1 (0.88)

Cortical Grey Matter (CGM)2

 No anomaly 19 (16.67)
 Mild anomaly 86 (75.44)
 Moderate to severe anomaly 9 (7.89)

Cerebellum3

 No anomaly 108 (94.74)
 Mild anomaly 3 (2.63)
 Moderate to severe anomaly 3 (2.63)

Biparietal corrected  diameter4, (n = 98)
 No anomaly 67 (68.37)
 Mild anomaly 11 (11.22)
 Moderate to severe anomaly 20 (20.41)

Corrected transcerebellar  diameter5, (n = 98)
 No anomaly 85 (86.73)
 Mild anomaly 3 (3.06)
 Moderate to severe anomaly 10 (10.20)

Ventricular dilatation
 Normal or mild anomaly (bilateral < 7.5 mm or unilateral ≤ 10 mm) 97 (86.61)
 Moderate to severe anomaly (bilateral or unilateral ≥ 10 mm) 15 (13.39)

Inter hemispheric distance
 Normal or mild anomaly (< 5 mm) 81 (72.32)
 Moderate to severe abnormality (≥ 5 mm) 31 (37.68)

Neuropsychological and neurological assessment**,
Mean age (years) ± SD 8.47 ± 0.70
FSIQ disability  categories1

 Normal 66 (57.89)
 Minor anomaly 30 (26.32)
 Moderate anomaly 18 (15.79)

FSIQ and subtests
 FSIQ score total 92.82 (± 14.69)
 VCI (verbal comprehension index) 100.22 (± 16.35)
 PRI (Perceptual Reasoning Index) 91.68 (± 14.18)
 WMI (working memory index) 91.57 (± 15.00)
 PSI (processing speed index) 93.22 (± 14.38)

Neuropsychological impairment (NEPSY)
 Language  delay2 17 (14.9)
 Visuo-spatial integration  delay3 17 (14.9)
 Ideomotor  dyspraxia4 12 (11.01)
 Attention  disorders5 17 (14.9)
 Dysexecutive  disorder6 61 (53.5)
 More than two executive function anomalies 21 (18.4)
 At least one cognitive impairment 68 (59.6)
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term-equivalent age was predictive of cognitive and motor 
neurodevelopmental outcomes at two years in very preterm 
infants (Tich et al., 2011). More than half of our school-
aged EPT children had at least one executive function 
impairment. The specific nature of those disorders and their 
underlying neuropathology remain poorly understood and 
with currently few predictors. From an anatomo-clinical 
point of view, executive function and motor disorders have 
been linked to the prefrontal region. However, they are also 
involved in a much larger brain network (Andrés, 2003) 
since the prefrontal cortex is the only cortical area where 
information from sensory regions converges and is also 
associated with the limbic system (support for emotional 
and motivational reactions). Independent of any perinatal 
factors, we found a significant correlation between subcor-
tical lesions (grey nuclei) and dysexecutive syndromes and 
between cerebral volume and ideomotor dyspraxia during 
the school aged years. This confirms the importance of all 
these regions in the development of the prefrontal network.

Our study’s strengths include: a multicentric study with 
a homogeneous population (born between 24–27 GA), 
whose socio-economic levels were mostly high and without 
severe disability. These EPTs therefore had more discrete 
brain lesions, but were at a high risk of cognitive impair-
ment because of their extreme prematurity; a large sample 
of EPTs with a corrected-term MRI with a long-term evalu-
ation using the Wechsler Intelligence Scale for Children—
Four Edition (WISC-IV) for school age children; the use 
of a standardized scoring system for reading brain MRIs 
allowing a semi-quantitative analysis of the MRI lesions; 
and a quantitative analysis by considering volumes with 
good correlation scores. A weakness of our study is that 
the population who had MRI scans represents only a small 
portion (1/3) of those premature babies who participated in 
the initial study. Moreover, participating preterm children 
had more neonatal morbidities than non-participants, which 
drive an indication bias of term MRI. Finally, the sizes of 

the subgroups of preterm children studied here were rather 
small, thus limiting its statistical power.

Conclusion

Cerebral MRIs at term-equivalent age could be predictive 
of minor or moderate impairment and could allow screening 
for early management of this population. Our metrics results 
(ventricular diameter and biparietal diameter) revealed a cor-
relation between the measured surfaces and neurodevelop-
mental evolution. The use of software (specific algorithm to 
automatically obtain brain MRI metrics in preterm neonates 
revealed a significant correlation between reproducible met-
rics of the main brain structures with the neurodevelopment 
at two years of age (Morel et al., 2020). Automated brain 
MRI metrics could be now suitable in daily practice for neo-
natologists and radiologists. The combination of neuroim-
aging and longitudinal follow-up of EPT children provides 
a better long-term understanding of the neuro-anatomical 
abnormalities associated with EF deficits and subtypes of 
developmental coordination disorder.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11682- 021- 00559-9.
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malities were bilateral, multiple or associated with a reduction in the volume of the cerebellum. 4Diam-
eter biparietal (DBP) was defined as the maximal horizontal brain width of frontal lobes (missing data for 
16 MRI). 5Trans-cerebellar diameter (TCD) to study cerebellum volume (missing data for 16 MRI). Two 
measures were taken from coronal images with the bilateral cochlea and basilar truncus as standard land-
marks and manually measured. Because the DBP and TCD diameter increases with GA, we calculated a 
modified score (Anderson, 2015)
**Neuropsychological and neurological assessment: 1FSIQ category disabilities were defined according to 
the mean SD of the WISC IV: no disability as FSIQ ≥  − 1 SD and Touwen normal, mild disabilities as 
FSIQ <  − 1 SD and ≥ -2 SDs and /or Touwen abnormal, moderate disability as FSIQ <  − 2 SDs and ≥  − 3 
SDs. Classification of cognitive impairment according to the DSM IV classification: 2Language delay 
if verbal comprehension index (VCI) < 85; 3Visuospatial integration delay if PRI ≤ 85 and poor copy of 
Rey’s figure; 4Ideomotor dyspraxia: if a complex coordination disorder (Touwen test) and a perceptual rea-
soning index (PRI) < 85; 4Attention deficit if auditory and/or visual attention < 8 and a Processing speed 
index (PSI) < 85. 5Dysexecutive disorders if the working memory index (WMI) < 85 and/or motor inhibi-
tion < 10th percentile and/or fluidity of patterns < 8 and/or Tower < 8;

Table 2  (continued)
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