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Abstract

Objectives—Isolated inferior vermian hypoplasia (iiVH) is one of the most common fetal 

cerebellar anomalies presenting for fetal neurological counselling with controversial postnatal 

neurodevelopmental outcome. In the present study, we characterised the long-term 

neurodevelopmental outcome of prenatally diagnosed iiVH at school age.

Design and patients—We prospectively followed 20 children with fetal MRI diagnosis of 

iiVH including their postnatal MRI result and developmental outcome at school age (mean 6.1 

years±1.9 years SD) using a comprehensive age-appropriate developmental testing battery, which 

encompassed cognitive, language, social and behavioural domains. Parental stress level and 

socioeconomic status were also evaluated.
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Results—All children with postnatally confirmed iiVH had a normal neurodevelopmental 

outcome. A subgroup of children (2/20) who demonstrated cognitive delays and behavioural 

impairments had more extensive cerebellar malformation. Despite a normal developmental 

outcome, the parents of children with postnatally confirmed iiVH had higher parental stress 

compared with those parents whose children had normal postnatal MRI.

Conclusions—Children with postnatally confirmed iiVH show age appropriate functioning at 

school age. Postnatal MRI is important to confirm the diagnosis of iiVH and to exclude associated 

anomalies that impact neurodevelopmental outcome. A diagnosis of iiVH is associated with 

persistent elevated parental stress despite normal developmental outcomes in these children 

suggesting the need for ongoing parental support.

INTRODUCTION

Isolated inferior vermian hypoplasia (iiVH) is one of the most common fetal cerebellar 

anomalies detected by obstetrical ultrasound and presenting for prenatal counselling.1–3 

Despite its prevalence, the long-term neurodevelopmental consequences of iiVH remain 

poorly defined and controversial.45 This is in part due to the difficulties in reliably 

diagnosing iiVH, especially by antenatal ultrasound, which provides relatively poor 

visibility of the posterior fossa structures.6 Moreover, the MRI diagnosis of iiVH has a high 

false-positive rate.4 Even at autopsy, confirmation of this diagnosis may be difficult given 

the challenge of preserving posterior fossa structures at fetopsy.7 Additionally, 

inconsistencies in the classification of cerebellar anomalies further obscure the picture.124589 

Finally, few studies have examined the long-term outcome of children diagnosed in utero 

with iiVH.

In a previous study, we examined the neuroimaging and neurodevelopmental outcomes of a 

cohort of infants (mean age of 19.8 months) with a prenatal diagnosis of iiVH.4 We reported 

that a prenatal diagnosis of iiVH using second trimester MRI may overdiagnose the 

condition, with a false-positive rate of 32%, supported the recommendation for follow-up 

postnatal MRI. Although children with postnatally confirmed iiVH had overall lower mean 

developmental performance compared with infants with normal postnatal MRI, all children 

were free of major neurodevelopmental impairment and disability suggesting a relatively 

benign outcome at preschool age.4 However, the extent to which these preschool 

developmental outcomes are transient or persist at school age remains unclear. We therefore 

sought to characterise the long-term neurodevelopmental outcome of iiVH by using 

standardised age appropriate assessments in our earlier cohort of infants with iiVH at school 

age.

METHODS AND PATIENTS

Selection criteria and procedures

We studied a total of 20 children with fetal MRI diagnosis of iiVH referred to Boston 

Children's Hospital. This included longitudinal follow-up of 17/19 children from our 

original cohort4 (two were lost to follow-up) and an additional three fetuses who were 

subsequently diagnosed with iiVH and recruited in our study (overall 90.9% follow-up rate). 
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All cases referred to our institution had fetal MRI. Using fetal MRI, iiVH was diagnosed 

when there was partial absence of the inferior cerebellar vermis without any apparent 

anomalies in cerebellar hemispheres, posterior fossa cystic lesions, supratentorial anomalies 

or other systemic malformations. We assessed the midline sagittal view vermian 

development from the caudal extent of the inferior vermis over the 4th ventricle, which 

findings were also confirmed on axial and coronal imaging.4 All prenatal and postnatal MRI 

studies were reviewed by a paediatric neuroradiologist (RLR). We contacted the families 

and sought written informed consent for follow-up developmental evaluations. The study 

was approved by the IRB.

Medical record review

Medical record reviews and medical history questionnaires were conducted to obtain 

pertinent clinical information (eg, referral diagnosis, gender, birth weight, presence of visual 

and hearing abnormalities, any significant medical problems and the need for special 

education services).4

Developmental evaluations

Developmental outcome measures comprised the battery of standardised instruments 

described below. The examiners were blinded to past medical history and to the fetal-

neonatal imaging findings. All children underwent either the Wechsler Preschool and 

Primary Scale of Intelligence—Third Edition (WPPSI-III) or Wechsler Intelligence Scale 

for Children—Fourth Edition (WISC-IV)1011 depending on the child's age (WPPSI-III for 

children between 2 years 6 months and 5 years 11 months; WISC-IV for children >6 years). 

We calculated Full Scale IQ (FS-IQ), General Language Composite or Verbal IQ (V-IQ), 

Performance IQ (P-IQ) and Processing Speed Quotient.10 A score of <2SD of the normative 

mean is defined as abnormal. The WISC-IV additionally offers a Working Memory Index.

The Vineland Adaptive Behaviour Scale-II (VABS-II) is a discriminative norm-referenced 

measure of functional status in communication, daily living, socialisation and motor skills in 

children 0–18 years of age.12 A score of <1.5SD below the normative mean (<78) is defined 

as abnormal.

The Behavior Rating Inventory of Executive Function (BRIEF) is a parental questionnaire 

used to determine if a child has a learning disability, attention deficit, memory impairment 

or some combination of these problems.13 The cut-off is set ≥64 as clinically significant.13

The Child Behavior Checklist is a parental report of a child's behavioural problems. It offers 

externalising and internalising problem behaviour scores.14 The clinical range is defined as 

T scores of 64, the borderline range as T scores from 60 to 63 and the reference range as T 

scores of <60.

The Social Communication Questionnaire is a parent-report screening measure for autism 

spectrum disorders.1516 A cut-off score of <15 is abnormal for this screening.16
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The Parental Stress Index (PSI) is a parent-report screening and diagnostic assessment 

measure of the relative magnitude of stress in the parent–child relationship.17 Scores >85 is 

considered to be indicative of elevated levels of stress.

Socioeconomic status

The two-factor Hollingshead Index of Social Status was used to determine socioeconomical 

status (SES).18 The index scores can range from 11 to 77 with lower scores representing 

higher SES.

Statistical analysis

Statistical analysis was performed using statistical software SAS V.9.2. Descriptive statistics 

were used to characterise the study cohort. Associations of two variables were tested using 

the Fisher's exact test, the two-sample t test or the Wilcoxon signed-rank test depending on 

the nature of variables. p Value<0.05 was considered significant.

RESULTS

Characteristics of the cohort

We performed follow-up developmental testing in 20 children at a mean age of 6.1 years 

(±1.9 years SD); 13 were male (65%). The median gestational age (GA) at birth was 39.5 

weeks (range 36.5–41.0 weeks) and mean birth weight was 3481 g (±452 g SD). The 

prenatal diagnosis of iiVH was made at a median GA of 20.4 weeks (range 18.4–26.0 

weeks). Six children (30%) had normal postnatal MRI studies. There was no difference in 

GA at diagnosis between children with con-firmed iiVH and those with normal postnatal 

MRI studies (20.9±0.5 vs 20.8±0.7 weeks, mean±SD, p=0.91). Of the 14 with abnormal 

postnatal MRI, 12 had a confirmed postnatal diagnosis of iiVH, while two children (10%) 

were found to have additional brain abnormalities on postnatal MRI that were not present on 

the prenatal MRI. Both children presented with bilateral dysplastic (small and poorly 

foliated) cerebellar hemispheres and mild pontine hypoplasia.

Neurodevelopmental outcome of children with a fetal diagnosis of iiVH

The neurodevelopmental and behavioural outcomes are summarised in tables 1 and 2. 

Overall, the majority of children (17/20 subjects) had normal developmental and 

behavioural scores, and were attending a regular preschool or primary school. Neither 

parental education nor occupation mediated outcomes.

Of the 12 subjects with postnatally confirmed iiVH, six were male and six were female. No 

gender difference was seen in neurodevelopmental testing.

Three children (15%) demonstrated abnormal neurodevelopment summarised in table 3. 

Two of them had more extensive cerebellar hemispheric malformations. One was a female 

with a chromosomal anomaly (microdeletion and microtrisomy in chromosome 10) (table 3. 

case 1) and another was a male (case 2). Both demonstrated greater behavioural dysfunction 

without apparent cognitive impairments. The third child was a male and had normal 

postnatal MRI (case 3). He was diagnosed with autism and had significant cognitive, social–
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behavioural impairment and received Applied Behavioral Analysis therapy. Parental stress 

was elevated in all three families.

Relationship between postnatal MRI findings and neurodevelopmental outcome

We compared the neurodevelopmental outcome in the subgroup of children with confirmed 

iiVH (n=12) and those children with normal postnatal MRI studies (n=5) (table 4). We 

excluded the one child with autism and the two children with additional cerebellar 

hemispheric anomalies detected on postnatal MRI, as this is likely to be an important 

confounder. Baseline and demographic characteristics were not significantly different 

between the two groups including age at fetal MRI diagnosis, mean GA at birth (39.3 vs 

39.0 weeks), birth weight (3560 g vs 3363 g) and age at testing (6.6 vs 5.6 years of age). 

There was also no difference in neurodevelopmental outcome and parental social status. 

Moreover, there was higher parental stress for parents of children who had a postnatal MRI 

diagnosis of confirmed isolated iiVH compared with those parents whose children had a 

normal postnatal MRI (71.0 vs 45.2, p=0.001).

DISCUSSION

In this study, we describe a favourable neurodevelopmental outcome among children with 

iiVH as they enter school age. We used an age appropriate battery of standardised tests to 

confirm the stability of our findings in this well characterised population in early childhood, 

that is, before they were amenable to this level of testing. To the best of our knowledge, this 

is the first prospective study delineating the longitudinal neurodevelopmental outcome of 

children with iiVH.

Previous studies report controversial long-term neurodevelopmental outcome of iiVH, as 

some studies have suggested a benign outcome3519–22 while others have reported poor 

outcome.2324 Using a prospective study design and comprehensive standardised outcome 

measures, we demonstrate age-appropriate developmental outcomes among fetuses 

diagnosed with iiVH and confirmed postnatally. A small subgroup of our subjects (2/20) 

with the fetal diagnosis of iiVH had an abnormal neurodevelopmental outcome; however, 

this was associated with additional cerebellar hemispheric dysplasia and pontine hypoplasia 

detected on postnatal MRI studies. Such subtle findings may be missed by fetal MRI due to 

the small size of the structure and the exuberant ongoing cerebellar developmental processes 

during the third trimester (described below). This further underscores the need for 

confirmatory postnatal imaging.

Protracted fetal and postnatal cerebellar development

The cerebellum has a complex and protracted development that may contribute to the 

relatively high false-positive rate previously reported for the fetal diagnosis of iiVH4 and 

overlooked associated malformations. Cerebellum has protracted morphological 

development that continues throughout the fetal period and into the early postnatal years. A 

retrospective ultrasound study has suggested that rostral–caudal development of the vermis 

is completed by 18 weeks25; however, this observation has been challenged recently by fetal 

MRI study.26 Interestingly, several postnatal studies have reported ‘normalisation’ of 
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prenatally diagnosed iiVH,42127 suggesting that vermian growth may persist beyond 18 

weeks. Because the lowest GA at diagnosis is 18.4 weeks in our study cohort, vermian 

development may be still in process. Lack of knowledge when that vermian growth 

completes might necessitate the recommendation of later gestation imaging, if situation 

allows. This is an intriguing question awaiting further study.

Elevated persistent parental stress

There was a persistent high level of parental stress (7/20, 35%) at a mean follow-up age of 6 

years, and even when the neurodevelopmental outcome was benign. Not surprisingly, 

elevated parental stress was especially prevalent in cases where postnatal MRI confirmed 

vermian or cerebellar abnormality. Prenatal diagnosis of a congenital malformation is 

known to associate with higher acute and chronic parental psychological distress,28 which 

might be worsened by unemployment and lower education level.29 In our study, even the 

parents of children with a normal neurodevelopmental outcome in the years following the 

diagnosis suffered from higher stress levels regardless of their socioeconomic status. This 

suggests that the diagnosis of iiVH itself carries a significant and long-lasting emotional 

burden on these families despite the fact that their children are developing normally. 

Ongoing support and anticipatory guidance should be provided for these families prenatally 

and postnatally.

Limitations

Although this is the first prospective study to describe a favourable school-age outcome for 

children diagnosed prenatally with iiVH, given our small sample size, follow-up studies 

with larger cohorts are needed to confirm these observations. Our overall sample size was 

small especially when considering the size of our subgroups (14 normal and six abnormal 

postnatal scans). We diagnosed iiVH using qualitative, conventional assessment of the 

posterior fossa on fetal MRI that may have overdiagnosed iiVH. On the contrary, our 

findings are applicable to most of the clinical practices using non-quantitative fetal imaging. 

Future studies using advanced cerebellar MRI analyses warrant further investigation.

CONCLUSION

This study shows that children with postnatal confirmation of iiVH have normal cognitive, 

language, social and behavioural outcomes. This study also highlights the importance of 

postnatal MRI and karyotyping to confirm the diagnosis of iiVH. Additional, more extensive 

cerebellar malformations or chromosomal anomalies were strongly associated with worse 

neurodevelopmental outcome. Finally, despite the benign functional outcome of children 

with iiVH, the parents of these children carry elevated and enduring burden of stress. This 

finding emphasises the importance of pursuing improved fetal diagnosis and 

prognostication, as well as the need for ongoing parental support and anticipatory guidance.
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What is known about this topic

▶ Isolated inferior vermian hypoplasia is one of the most common fetal cerebellar 

anomalies diagnosed by fetal MRI, but its long-term neurodevelopmental prognosis 

is significantly controversial.

What this study adds

▶ Children with postnatally confirmed isolated inferior vermian hypoplasia have 

favourable neurodevelopmental function at school age.

▶ Postnatal MRI is important to confirm the diagnosis of inferior vermian 

hypoplasia and presence of associated anomalies that impact neurodevelopmental 

outcome.

▶ A diagnosis of isolated inferior vermian hypoplasia is associated with persistent 

elevated parental stress despite normal development outcomes in these children.
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Table 1

Cognitive outcomes of children diagnosed with fetal isolated inferior vermian hypoplasia (N=20)

Domains in test WPPSI (Mean±SD) WISC (Mean±SD) Abnormal (cut-off <75, 1.5SD)

Verbal IQ 104.0±15.9 115.1±12.5 1/20 (5.0%)

Performance IQ (non-verbal) 100.4±19.7 100.4±29.8 0/20 (0.0%)

Processing speed quotient 98.0±13.5 107.9±13.1 1/20 (5.0%)

Full scale IQ 104.2±14.6 114.0±12.5 1/20 (5.0%)

WISC working memory index N/A (WISC only) 109.9±12.5 0/20 (0.0%)

WISC, Wechsler Intelligence Scale for Children—4th edition; WPPSI, Wechsler Preschool and Primary Scale of Intelligence—3rd edition.
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Table 2

Functional and behavioural outcomes of children with fetal diagnosis of isolated inferior vermian hypoplasia 

(N=20)

Tests (Mean±SD) Abnormal (cut-off <78, 1.5SD)

Vineland Adaptive Behavior Scales-II

    Communication 97.2±11.4 2/20 (10.0%)

    Daily living skills 93.3±7.5 1/20 (5.0%)

    Socialisation 95.2±10.8 1/20 (5.0%)

    Motor 95.8±8.3 1/20 (5.0%)

    Working memory 93.9±7.3 1/20 (5.0%)

Child Behavior Check List

    Internalising behavioural problems 46.1±10.6 Abnormal 1/20(5.0%)

    Externalising behavioural problems 45.1±8.3 Abnormal 0/20 (5.0%)

    Total 45.9±9.8 Abnormal 2/20 (10.0%)

Median, (1st, 3rd quartile)

Social communication questionnaire 3.00 (1.25, 4.00) Abnormal 1/20(5.0%)

BRIEF global executive composite 44 (37, 60) >65 4/20 (20.0%)

Index of social status

    Mother's education 18.0 (15.0, 21.0)

    Mother's occupation 40.0 (40.0, 40.0)

    Father's education 19.4 (15.8, 21.0)

    Father's occupation 35 (30.0, 45.0)

Parental Stress Index 67.5 (46.5, 86.0) >85 (High stress) 7/20 (35.0%)

BRIEF, Behavior Rating Inventory of Executive Function.
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Table 3

Neuropsychological outcomes in the subgroup of children with more extensive cerebellar dysgenesis (n=2) 

and one child with normal postnatal MRI (n=1)

Case 1 2 3

Prenatal MRI Isolated iVH Isolated iVH Isoalated iVH

Postnatal MRI iVH+cerebellar hemisphere anomalies iVH+cerebellar hemisphere anomalies normal

Gender Female Male Male

Note del distal end of 10q, trisomy at 10q26.1 autism

School setting Special education Special education Special 
education with 
ABA

WPPSI

    Composite scores 84 85
64

*

    Performance IQ (non-verbal) 87 89 90

    Processing speed quotient 82 84
68

*

    Full scale IQ 85 87 75

Vineland Adaptive Behavior Scales-II

    Communication 76 87 76

    Daily living skills 75 77 83

    Socialisation 87 89
59

*

    Motor 75 84 107

    Adaptation 77 90 81

Child Behavior Check List

    Internalising behavioural problems 55 61
66

*

    Externalising behavioural problems 55 55 46

    Total 58 61 60

Social communication questionnaire 5 3
18

*

BRIEF global executive composite 75 60 80

Parental Stress Index
86

*
89

*
105

*

ABA, applied behavioral analysis; BRIEF, behavior rating inventory of executive function; iVH, inferior vermian hypoplasia; WPPSI, Wechsler 
Preschool and Primary Scale of Intelligence—3rd edition.

*
Demotes abnormal neurodevelopmental outcome results.
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Table 4

Comparison of neuropsychological assessment in children with postnatally confirmed iiVH (n=12) and those 

with normal postnatal MRI (n=5) in postnatal MRI

iiVH (n=12) (Mean±SD) Normal (n=5) (Mean±SD) p Value

WPPSI & WISC

    Composite scores 108.1±13.0 110.0±7.7 0.64

    Performance IQ (non-verbal) 102.3±24.3 102.8±9.4 0.53

    Processing speed quotient 100.8±10.6 103.0±12.7 0.63

    Full scale IQ 107.9±12.9 108.2±10.8 0.52

    WISC Working Memory Index (iiVH n=5, normal 
n=2)

107.4±13.8 116.0±8.5 0.80

Vineland Adaptive Behavior Scales-II

    Communication 101.0±10.2 98.6±6.0 0.28

    Daily living skills 96.7±4.0 94.2±3.6 0.12

    Socialisation 98.3±6.4 97.6±6.8 0.42

    Motor 96.3±6.3 100.2±6.4 0.24

    Adaptation 95.8±6.2 96.0±3.7 0.54

Child Behavior Check List

    Internalising behavioural problems 43.1±3.0 48.2±4.2 0.40

    Externalising behavioural problems 44.7±2.4 42.7±3.4 0.57

    Total 43.8±2.7 45.5±3.8 0.73

Social communication questionnaire 2.5±1.7 2.2±1.3 0.35

Median, (1st, 3rd quartile) Median, (1st, 3rd quartile) Wilcoxon rank test p 
Value

BRIEF global executive composite 44.5 (42.0, 57.5) 32 (30.0, 34.0)
0.002

*

Parental Stress Index 73.0 (57.5, 86.0) 45 (42.5, 48)
0.007

**

BRIEF, Behavior Rating Inventory of Executive Function; iiVH, isolated inferior vermian hypoplasia; WISC, Wechsler Intelligence Scale for 
Children—4th edition; WPPSI, Wechsler Preschool and Primary Scale of Intelligence—3rd edition.

*
Significant (p<0.05), both group's scores were still within normal range.

**
Significant (p<0.05).
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