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Abstract: Objective

The aim of this study was to report the rate of additional anomalies detected
exclusively at prenatal magnetic resonance imaging (MRI) in fetuses with isolated
severe ventriculomegaly (VM) undergoing neurosonography.

Method

Multicenter, retrospective, cohort study involving 20 referral fetal medicine centers in
Italy, United Kingdom, Spain and Denmark. Inclusion criteria were fetuses affected by
isolated severe VM (  >  15 mm), defined as VM with normal karyotype and no other
additional central nervous system (CNS) and extra-CNS anomalies on ultrasound. In
all cases, a multiplanar assessment of fetal brain as suggested by ISUOG guidelines
on fetal neurosonography had been performed. The primary outcome was the rate of
additional CNS anomalies detected exclusively at fetal MRI within two weeks from
neurosonography. Subgroup analyses according to gestational age at MRI (< vs ≥ 24
weeks of gestation) and the laterality of VM (unilateral vs bilateral) were also
performed. Univariate and multivariate logistic regression analysis was used to analyze
the data.

Results

187 fetuses with a prenatal diagnosis of isolated severe VM on neurosonography were
included in the analysis. Additional structural anomalies were detected exclusively at
prenatal MRI in 18.1% of cases. When considering the type of anomaly, malformations
of cortical development were detected on MRI in 32.4% cases, while midline or
acquired (hypoxemic/hemorrhagic) lesions were detected in 26.5% and 14.7% of
cases, respectively. There was no difference in the rate of additional anomalies when
stratifying the analysis according to either gestational age at MRI or laterality of the
lesion. At logistic regression analysis, the laterality of ventricular dilatation (OR: 4.37,
95% CI 1.21-15.76; p= 0.038), but not maternal body mass index, age, severity of
ventricular dilatation, interval between US and MRI or gestational age at MRI, was
independently associated with the likelihood of detecting associated anomalies at MRI.

Conclusion

The rate of associated anomalies detected exclusively at prenatal MRI in fetuses with
isolated severe VM is lower than previously reported, but higher compared to isolated
mild and moderate VM. Fetal MRI should be considered as a part of the prenatal
assessment of fetuses presenting with isolated severe VM at neurosonography.
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ABSTRACT 34 

Objective: The aim of this study was to report the rate of additional anomalies detected exclusively 35 

at prenatal magnetic resonance imaging (MRI) in fetuses with isolated severe ventriculomegaly (VM) 36 

undergoing neurosonography. 37 

Method: Multicenter, retrospective, cohort study involving 20 referral fetal medicine centers in Italy, 38 

United Kingdom, Spain and Denmark. Inclusion criteria were fetuses affected by isolated severe 39 

ventriculomegaly VM (> 15 mm), defined as ventriculomegaly VM with normal karyotype and no 40 

other additional central nervous system (CNS) and extra-CNS anomalies on ultrasound. In all cases, 41 

a multiplanar assessment of fetal brain as suggested by ISUOG guidelines on fetal neurosonography 42 

had been performed. The primary outcome was the rate of additional CNS anomalies detected 43 

exclusively at fetal MRI within two weeks from neurosonography. Subgroup analyses according to 44 

gestational age at MRI (< vs  24 weeks of gestation) and the laterality of ventriculomegaly VM 45 

(unilateral vs bilateral) were also performed. Univariate and multivariate logistic regression analysis 46 

was used to analyze the data. 47 

Results: 187 fetuses with a prenatal diagnosis of isolated severe ventriculomegaly VM on 48 

neurosonography were included in the analysis. Additional structural anomalies were detected 49 

exclusively at prenatal MRI in 18.1% of cases. When considering the type of anomaly, malformations 50 

of cortical development were detected on MRI in 32.4% cases, while midline or acquired 51 

(hypoxemic/hemorrhagic) lesions were detected in 26.5% and 14.7% of cases, respectively. There 52 

was no difference in the rate of additional anomalies when stratifying the analysis according to either 53 

gestational age at MRI or laterality of the lesion. At multivariate logistic regression analysis, the 54 

presence of additional anomalies only found at MRI was significantly higher in bilateral compared 55 

versus unilateral ventriculomegaly  (OR: 4.37, 95% CI 1.21-15.76; p= 0.04), while neither maternal 56 

body mass index, age, severity of ventricular dilatation, interval between ultrasound and MRI, nor 57 

gestational age at MRI  were associated with the likelihood of detecting associated anomalies at 58 

MRIAt logistic regression analysis, the laterality of ventricular dilatation (OR: 4.37, 95% CI 1.21-59 

15.76; p= 0.038), but not maternal body mass index, age, severity of ventricular dilatation, interval 60 

between US and MRI or gestational age at MRI, was independently associated with the likelihood of 61 

detecting associated anomalies at MRI. 62 

Conclusion: The rate of associated anomalies detected exclusively at prenatal MRI in fetuses with 63 

isolated severe ventriculomegaly VM is lower than previously reported, but higher compared to 64 

isolated mild and moderate ventriculomegalyVM. Fetal MRI should be considered as a part of the 65 

prenatal assessment of fetuses presenting with isolated severe ventriculomegaly VM at 66 

neurosonography.  67 
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Keywords: ventriculomegaly, central nervous system, fetal magnetic resonance imaging, MRI, 69 
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INTRODUCTION 75 

The assessment of the size of cerebral ventricles is an integral part of the routine screening of the 76 

central nervous system in the fetus. Ventriculomegaly (VM) is the most common brain anomaly 77 

diagnosed during fetal life and encompasses a large spectrum of conditions characterized by a 78 

dilatation of the lateral ventricles of the brain, typically defined as a diameter greater than 10 mm at 79 

the level of the atria.1-8 80 

The presence of associated anomalies and the degree of ventricular dilatation are among the main 81 

determinants of postnatal outcome in fetuses with ventriculomegalyVM.9 Mild to moderate 82 

ventricular dilatation (10-14 mm) is associated with a lower risk of chromosomal disorders, 83 

associated anomalies undetected prenatally, and neurodevelopmental disabilities.8-9 Conversely, 84 

severe ventriculomegalyVM, defined as ventricular dilation 15 mm or greater, carries a higher risk 85 

of adverse post-natal outcome, with a recent systematic review reporting 20% and 40% rates of 86 

moderate and severe neurodevelopmental disabilities respectively.10 87 

A detailed evaluation of fetal brain in order to rule out associated anomalies potentially impacting the 88 

postnatal outcome is the mainstay of the prenatal management of fetuses with ventriculomegalyVM.  89 

The International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) recommends that 90 

fetuses presenting with a central nervous system (CNS) anomaly (such as a ventricular dilatation of 91 

more than 10 mm) should undergo multiplanar assessment of the brain in axial, coronal and sagittal 92 

views of the fetal head to rule out associated anomalies.11 93 

In clinical practice, fetuses affected by ventriculomegaly VM commonly undergo magnetic resonance 94 

imaging (MRI) assessment in order to identify anomalies that can possibly be overlooked at the 95 

ultrasound (US), although the actual contribution, as well as the proper timing of fetal MRI in the 96 

management of these fetuses remains debated.8,12-13 97 

We have recently reported that about 5% of fetuses presenting with isolated mild or moderate 98 

ventriculomegaly VM on ultrasound US have associated anomalies detected exclusively at fetal MRI, 99 

mainly cortical malformations and hemorrhage.12-13 100 

Conversely, there is no robust data on the role of MRI in fetuses affected by severe 101 

ventriculomegalyVM. The small sample size of previously published studies, the lack of clearly 102 

reported imaging protocols, and the inclusion of cases presenting with other anomalies, chromosomal 103 

disorders or infection, do not allow to extrapolate a clear evidenceclear evidence that could guide 104 

clinical practice.14-17 105 

Thus, the aim of this study was to report the role of MRI in fetuses affected by isolated severe 106 

ventriculomegaly VM undergoing neurosonography. 107 

108 
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METHODS 109 

Study design and participants  110 

This was a multicenter, retrospective, cohort study involving 20 referral centers in Italy, United 111 

Kingdom, Spain and Denmark. The study included pregnant women who had fetal brain MRI within 112 

two weeks following the diagnosis of isolated severe ventriculomegaly VM obtained at dedicated 113 

neurosonography from January 2010 to July 2020. Both neurosonography and fetal MRI were 114 

performed by experienced operators in each center. The clinical records were examined, and data 115 

were collected in a dedicated merged database.  116 

 117 

Inclusion criteria 118 

 Fetuses affected by isolated severe (>15 mm) ventriculomegaly VM at ultrasoundUS, defined 119 

as ventriculomegaly VM with no other additional CNS and extra-CNS on ultrasoundUS 120 

 Detailed, multiplanar assessment of fetal brain, as suggested by ISUOG guidelines on fetal 121 

neurosonogram11 122 

 Normal karyotype (including chromosomal micro-array when available) 123 

 Negative infection screening (including cytomegalovirus [CMV] and Toxoplasmosis) 124 

 Maternal age > 18 years 125 

 Gestational age > 18 weeks 126 

Exclusion criteria 127 

 Fetuses affected by mild and moderate (< 15 mm) ventriculomegaly VM at ultrasoundUS  128 

 Cases affected by chromosomal anomalies 129 

 Cases affected by additional CNS and extra-CNS anomalies at the time of diagnosis 130 

 Cases affected by congenital infections 131 

 US Ultrasound and/or MRI protocol unclear or unavailable. 132 

 133 

Outcomes measures 134 

The primary outcome of the study was to assess the rate of additional CNS anomalies detected 135 

exclusively on fetal MRI within two weeks from neurosonography and confirmed at birth in fetuses 136 

with a prenatal diagnosis of isolated severe ventriculomegalyVM. The secondary aim was to evaluate 137 

the incidence of additional anomalies detected exclusively after birth and missed at prenatal imaging 138 

(ultrasound US and MRI). We aimed to perform sub-group analyses according to the gestational age 139 

at MRI (< vs  24 weeks of gestation) and laterality of ventriculomegaly VM (unilateral vs bilateral 140 

VM) and in fetuses with chromosomal micro-array available. 141 

 142 
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 143 

For the purpose of this analysis, additional CNS anomalies were classified into: 144 

 Midline anomalies, including complete and partial agenesis (ACC), hypoplasia (HCC) and 145 

dysgenesis of the corpus callosum or isolated absence of the cavum septum pellucidum 146 

 Posterior fossa anomalies, including all defects involving the cerebellar vermis and/or 147 

hemispheres 148 

 Hemorrhagic or hypoxic lesions, including hemorrhage, porencephaly or periventricular 149 

leukomalacia  150 

 Malformations of cortical development, including lissencephaly, heterotopia or 151 

polymicrogyria 152 

 Complex brain anomalies, including all defects characterized by the presence of multiple 153 

intra-cranial anomalies. 154 

 155 

We did not consider biometric variation in brain structures, such as mega cisterna magna, increased 156 

or reduced degree of ventricular dilatation or of cranial size, as associated anomalies.   157 

 158 

Statistical analysis 159 

We investigated the relationship between the presence of ventriculomegaly VM associated structural 160 

anomalies, assessed through fetal MRI (primary outcome), and maternal and fetal characteristics, 161 

including mother's age and body mass index (BMI), ventriculomegaly VM laterality, degree of 162 

ventricular size, gestational age at ultrasound US and MRI assessment.  163 

The potential association between all recorded maternal and fetal parameters and the two outcomes 164 

were first evaluated with standard univariate analyses (chi-squared test for categorical variables; 165 

Kruskal-Wallis test for continuous variables).  166 

As regards the primary outcome, we investigated the potential independent predictors of a fetal MRI 167 

diagnosis of ventriculomegaly VM associated anomalies with a twofold approach. First, we 168 

performed a random-effect logistic regression, with hospital region as the cluster unit. A stepwise 169 

forward process was used for model building, and the following criteria were adopted for covariates 170 

selection, which were limited to four in every step of the analysis to reduce the risk of overfitting: (1) 171 

p<0.05 at univariate analyses; (2) clinical significance; (3) the interval, expressed in weeks, between 172 

ultrasound US and MRI examinations included a priori as a continuous variable. To avoid 173 

multicollinearity between the mean dilatation of cerebral ventricle (in mm) and the severity of 174 

ventriculomegalyVM, only the first covariate was included in the model as a continuous variable. 175 

Standard post-estimation tests were used to check the validity of the final model, performing 176 
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multicollinearity and influential observation analyses (using standardized residuals, change in 177 

Pearson and deviance chi-square).18-19 178 

Statistical significance was defined as a two-sided p-value<0.05 for all analyses,20 which were carried 179 

out using Stata, version 13.1 (Stata Corp., College Station, Texas, USA, 2013). 180 

This study was reported following the STROBE guidelines.21 181 

 182 

183 
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RESULTS 184 

 185 

Characteristics of the cohort 186 

One hundred and eighty-seven fetuses with a prenatal diagnosis of isolated fetal ventriculomegaly 187 

VM at neurosonography were included in the analysis. The general characteristics of the study 188 

population are shown in Table 1. The mean maternal age was 32.65.9 years, while the mean body 189 

mass index (BMI) was 24.63.5. The mean gestational age at ultrasound US and MRI were 26.45.4 190 

and 27.05.4 weeks, respectively. MRI was performed within one week in the majority of cases 191 

(97.9%). Of the included cases, 79.1% were affected by bilateral ventriculomegalyVM, while 20.9% 192 

of fetuses had unilateral ventriculomegalyVM. Overall, the mean ventricular diameter was 19.44.7 193 

mm, and the majority of fetuses (72.7%) were included in the 15-19 mm group, with only 8.6% 194 

presenting with a ventricular dilatation of more than 25 mm. 195 

 196 

Synthesis of the results 197 

Table 2 shows the results of the primary and secondary outcomes of study. Additional structural 198 

anomalies were detected exclusively at prenatal MRI in 18.1% (34/187) of cases. When considering 199 

the type of the anomaly, malformations of cortical development were detected on MRI in 32.4% 200 

(11/34) of fetuses, while midline anomalies were detected in 26.5% (9/34) of cases, respectively. 201 

Acquired (hemorrhagic or hypoxic) anomalies were diagnosed in 14.7% (5/34) of cases, while 202 

associated complex malformations and those of posterior fossa were detected on MRI in 14.7% (5/34) 203 

and 2.9% (1/34) of fetuses, respectively.  204 

There were no significant differences when comparing gestational and fetal characteristics of 205 

pregnancies with additional and those with no additional anomalies found at MRI. (Table 3). 206 

At multivariate logistic regression analysis, the laterality of ventricular dilatationthe presence of 207 

additional anomalies only found at MRI was significantly higher in bilateral compared versus 208 

unilateral ventriculomegaly  (OR: 4.37, 95% CI 1.21-15.76; p= 0.0438), while but notneither maternal 209 

body mass index (p=0.3109), age (p=0.552), severity of ventricular dilatation (p=0.0655), interval 210 

between ultrasound US and MRI (p=0.741) nor gestational age at MRI (p=0.3216) , waswere 211 

independently associated with the likelihood of detecting associated anomalies at MRI (Table 4).  212 

Postnatal imaging information was only available for 81 newborns. Associated anomalies were 213 

detected exclusively at birth and missed at prenatal imaging in 13.6% (11/81) of cases. 214 

 215 

 216 

217 
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DISCUSSION 218 

 219 

The findings of this study show that, in fetuses with prenatal diagnosis of isolated severe 220 

ventriculomegaly VM examined using multiplanar neurosonography, the rate of additional structural 221 

anomalies detected exclusively by fetal brain MRI was 18.1%. The most common type of anomalies 222 

included malformations of cortical development and midline disorders. The laterality of ventricular 223 

dilatation was independently associated with an increased likelihood of detecting anomalies at MRI. 224 

Finally, the rate of associated anomalies detected exclusively after birth and missed at prenatal 225 

imaging was 13.6%. 226 

 227 

To our knowledge, this is the largest study exploring the role of MRI in fetuses with isolated severe 228 

ventriculomegaly VM undergoing neurosonography. Large, homogenous sample size, inclusion of 229 

cases examined using a multiplanar approach as proposed by ISUOG guidelines and the short time 230 

interval between ultrasound US and MRI represent the main strengths of this study. 231 

The retrospective design represents the main limitation of the study and led to challenges in obtaining 232 

all the details on the imaging for all the fetuses in the participating centers, with some incomplete 233 

follow‐up and some missing data, mostly related to the postnatal MRI or ultrasoundUS. Finally, since 234 

most of these anomalies have been diagnosed in the second half of pregnancy, these data might not 235 

entirely represent the heterogeneity of severe ventriculomegaly VM diagnosed throughout pregnancy. 236 

 237 

Ventriculomegaly VM is a relatively common finding on prenatal ultrasoundUS. Cause, severity and 238 

presence of associated anomalies are the major determinants in predicting the outcome of fetuses 239 

affected by ventriculomegalyVM; thus, the main issue when approaching a fetus with 240 

ventriculomegaly VM is to rule out CNS and extra-CNS anomalies.8-9,12-13 Mild and moderate isolated 241 

ventriculomegaly VM often represent a diagnostic dilemma, as measurements closer to 10 mm might 242 

represent a normal variant, mostly when no other structural abnormalities are found, or diagnostic 243 

genetic testing are normal.8 Furthermore, the rate of abnormal neurodevelopmental outcome in 244 

fetuses with mild ventriculomegaly VM is not significantly higher to that reported in some population 245 

studies, thus challenging the concept that ventriculomegaly VM is strong marker of 246 

neurodevelopmental delay in childhood.22  247 

Conversely, isolated severe ventriculomegaly VM is a rare anomaly, with a reported incidence of 248 

2/10,000 pregnancies.9 The large majority of cases affected by severe ventriculomegaly VM present 249 

with multiple associated anomalies which account for a high rate of termination of pregnancy - and 250 

long term neurological sequelae reported in the published literature.9,15 A recent systematic review 251 

reported that survival without neurodevelopmental delay was observed in just over one third of cases 252 
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affected by severe ventriculomegalyVM, while mild-moderate and severe handicap affected 253 

respectively 18.6% and 39.6% of children.10  254 

In the present study, the incidence of additional structural anomalies detected exclusively by fetal 255 

MRI was 18.1%, lower than that reported in previous series in which associated abnormalities were 256 

found exclusively at prenatal MRI in up to 57%,14-16 with a much greater diagnostic accuracy (92.3% 257 

vs 61.5%) compared to ultrasoundUS16 and a 10-time higher risk of detecting other brain disorders 258 

at MRI compared with mild ventriculomegalyVM.14  259 

The majority of anomalies detected exclusively on prenatal MRI in this study involved malformations 260 

of cortical development (such as lissencephaly, heterotopia or polymicrogyria) and midline anomalies 261 

(mainly hypoplasia or dysgenesis of the corpus callosum). While the first group of disorders might 262 

be more challenging to diagnose with ultrasound US and represents the most common group of 263 

abnormalities missed at neurosonography also in case of mild and moderate ventriculomegalyVM,13 264 

the reason of the lower diagnostic accuracy of neurosonography for midline anomalies found in this 265 

series may be explained by the increase of size of lateral ventricles that may intuitively hamper a 266 

clear assessment of the midline structures.  267 

The findings from this multicenter cohort confirm that the contribution of prenatal MRI in fetuses 268 

undergoing detailed neurosonography is lower compared to that reported in studies not adopting a 269 

multiplanar assessment of the brain. Despite this, MRI remains fundamental in identifying associated 270 

abnormalities.12-13,23-265 However, in contrast to fetuses presenting with mild to moderate ventricular 271 

dilatation, where detecting additional anomalies is very relevant in defining prognosis given the 272 

relatively low risk of neurodevelopmental delay, in those with severe ventriculomegalyVM, who 273 

commonly present with several degrees of neurological anomalies after birth, the additional 274 

information of MRI may have a lesser prognostic advantage. 275 

 276 

CONCLUSION 277 

The rate of associated anomalies missed at ultrasound US and detected only at fetal MRI is lower 278 

than previously reported in literature when a thorough multiplanar examination of fetal brain 279 

performed through neurosonography. The anomalies detected exclusively on MRI mainly includes 280 

malformations of cortical development and midline anomalies. Based on these findings, fetal MRI 281 

should be considered as a part of the prenatal assessment of fetuses presenting with isolated severe 282 

ventriculomegaly VM at neurosonography. 283 

284 
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Table 1. Selected gestational and fetal characteristics in singleton pregnancies with a 356 

sonographic diagnosis of isolated severe ventriculomegaly 357 

 358 

Variables N = 187 

  

General characteristics: 

  

Mean maternal age in years (SD) 32.35 (5.9) 

  

Mean maternal BMI in kg/m2 (SD) 24.560(3.5) 

  

- Mean gestational age at last US before MRI in weeks (SD) 26.39 (5.4) 

- Last ultrasound <24 weeks, % 67 (35.8) 

- Last ultrasound ≥24 weeks, % 120 (64.2) 

  

- Mean gestational age at MRI diagnosis in weeks (SD) 26,97 (5.4) 

- Diagnosis <24 weeks, % 67 (35.8) 

- Diagnosis ≥24 weeks, % 120 (64.2) 

  

Interval between prenatal US and MRI examinations in weeks:  

  

- Mean interval (SD) 0.91 (1.9) 

- ≤1 week, % 183 (97.9) 

- 2 weeks, % 4 (2.1) 

  

Characteristics of fetal ventriculomegaly: 

  

Bilateral ventriculomegaly, % 148 (79.1) 

Unilateral ventriculomegaly, % 39 (20.9) 

  

Mean ventricular dilatation in mm (SD): 19.40 (4.7) 

Ventricular dilatation in mm, %  

- 15-20 mm  136 (72.7) 

- 21-25 mm 35 (18.7) 

-  26 mm 16 (8. 6) 

  

 359 

 360 

SD: Standard deviation; US: ultrasound; MRI, magnetic resonance imaging. 361 

 362 

 363 

 364 

 365 

 366 

 367 

368 
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Table 2. Primary and secondary outcomes 369 
 370 
 371 
 372 

Outcomes N=187 (%) 

  

Fetuses with additional structural anomalies detected through prenatal MRI 34 (18.1) 

  

Type of additional anomaly detected through prenatal MRI* N=34 

- Malformations of cortical development 11 (32.4) 

- Midline anomalies 9 (26.5) 

- Hemorrhagic or hypoxic anomalies 5 (14.7) 

- Posterior fossa 1 (2.9) 

- Complex anomalies 5 (14.7) 

- Other anomalies 3 (8.8) 

  

Newborns with additional structural anomalies detected through postnatal MRI** 11/81 (13.6) 

MRI, magnetic resonance imaging. 373 

 374 

** Analyses restricted to 81 newborns (both the fetuses with a prenatal diagnosis of structural 375 

anomaly and the newborn without a postnatal MRI exam were excluded). 376 

377 
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Table 3. Selected gestational and fetal characteristics in pregnancies with additional versus no 378 

additional anomalies found at MRI 379 
 380 

Variables    

 Additional 

anomalies at MRI 

(n= 34) 

No additional 

anomalies at MRI 

(n= 153) 

p 

General characteristics: 

    

Mean maternal age in years (SD) 31.7 (5.8) 32.5 (5.9) 0.5105 

    

Mean maternal BMI in kg/m2 (SD) 25.0 (4.1) 24.5 (3.4) 0.4436 

    

- Mean gestational age at ultrasound 

diagnosis in weeks (SD) 

27.5 (5.7) 26.1 (5.3) 0.183 

- Diagnosis <24 weeks, % 11 (32.3) 56 (36.6) 0.70697 

- Diagnosis ≥24 weeks, % 23 (67.7) 97 (63.4) 0.70697 

    

- Mean gestational age at MRI 

diagnosis in weeks (SD) 

28.1 (5.9) 26.7 (5.3)  

- Diagnosis <24 weeks, % 11 (32.4) 56 (36.6) 0.700.697 

- Diagnosis ≥24 weeks, % 23 (67.7) 97 (63.4) 0.700.697 

    

Interval between prenatal US and MRI 

examinations in weeks: 

   

    

- Mean interval (SD) 1.1 (2.3) 0.9 (1.8) 0.584 

- ≤1 week, % 33 (97.1) 150 (98.0) 0.5655 

- 2 weeks, % 1 (2.9) 3 (2.0) 0.5655 

    

Characteristics of fetal ventriculomegaly: 

    

Bilateral ventriculomegaly, % 31 (91.2) 117 (76.5) 0.063 

Unilateral ventriculomegaly, % 3 (8.8) 36 (23.5) 0.063 

    

Mean maximum ventricular dilatation 

in mm (SD): 

18.5 (3.2) 19.6 (5.0) 0.193 

Ventricular dilatation in mm, %    

- 15-20 mm  28 (82.4) 108 (70.6) 0.0101 

- 21-25 mm 5 (14.7) 30 (19.6) 0.631 

-  26 mm 1 (2.9) 15 (9.8) 0.312 

    

SD: Standard deviation; US: ultrasound; MRI, magnetic resonance imaging 381 
382 



 17 

Table 4. Logistic regression models evaluating the potential independent predictors of a 383 

prenatal MRI diagnosis of ventriculomegaly-associated anomalies 384 

 385 
 386 

Covariates Adjusted OR (95% CI) P value 

   

Bilateral vs unilateral ventriculomegalyVM 4.37 (1.21-15.76) 0.0438 

   

Maternal BMI, 1-unit increase 1.06 (0.95-1.17) 0.3109 

   

Age 0.98 (0.92-1.05) 0.552 

   

Maximum ventricular dilatation (1 mm increase) 0.90 (0.81-1.00) 0.0655 

   

Interval between US and MRI assessment, 1-week increase 1.03 (0.85-1.25) 0.741 

   

Gestational age at ultrasound, ≥ versus < 24 weeks 1.56 (0.66-3.72) 0.3216 

   

OR, odds ratio; BMI, body mass index; VM, ventriculomegaly, US, ultrasound;  387 

* Random-effect logistic regression with Hospital region as the cluster level. 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 
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 409 

 410 

 411 
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 415 
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 417 
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 419 

 420 
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ABSTRACT 34 

Objective: The aim of this study was to report the rate of additional anomalies detected exclusively 35 

at prenatal magnetic resonance imaging (MRI) in fetuses with isolated severe ventriculomegaly 36 

undergoing neurosonography. 37 

Method: Multicenter, retrospective, cohort study involving 20 referral fetal medicine centers in Italy, 38 

United Kingdom, Spain and Denmark. Inclusion criteria were fetuses affected by isolated severe 39 

ventriculomegaly (> 15 mm), defined as ventriculomegaly with normal karyotype and no other 40 

additional central nervous system (CNS) and extra-CNS anomalies on ultrasound. In all cases, a 41 

multiplanar assessment of fetal brain as suggested by ISUOG guidelines on fetal neurosonography 42 

had been performed. The primary outcome was the rate of additional CNS anomalies detected 43 

exclusively at fetal MRI within two weeks from neurosonography. Subgroup analyses according to 44 

gestational age at MRI (< vs  24 weeks of gestation) and the laterality of ventriculomegaly (unilateral 45 

vs bilateral) were also performed. Univariate and multivariate logistic regression analysis was used 46 

to analyze the data. 47 

Results: 187 fetuses with a prenatal diagnosis of isolated severe ventriculomegaly on 48 

neurosonography were included in the analysis. Additional structural anomalies were detected 49 

exclusively at prenatal MRI in 18.1% of cases. When considering the type of anomaly, malformations 50 

of cortical development were detected on MRI in 32.4% cases, while midline or acquired 51 

(hypoxemic/hemorrhagic) lesions were detected in 26.5% and 14.7% of cases, respectively. There 52 

was no difference in the rate of additional anomalies when stratifying the analysis according to either 53 

gestational age at MRI or laterality of the lesion. At multivariate logistic regression analysis, the 54 

presence of additional anomalies only found at MRI was significantly higher in bilateral compared 55 

versus unilateral ventriculomegaly  (OR: 4.37, 95% CI 1.21-15.76; p= 0.04), while neither maternal 56 

body mass index, age, severity of ventricular dilatation, interval between ultrasound and MRI, nor 57 

gestational age at MRI  were associated with the likelihood of detecting associated anomalies at MRI. 58 

Conclusion: The rate of associated anomalies detected exclusively at prenatal MRI in fetuses with 59 

isolated severe ventriculomegaly is lower than previously reported, but higher compared to isolated 60 

mild and moderate ventriculomegaly. Fetal MRI should be considered as a part of the prenatal 61 

assessment of fetuses presenting with isolated severe ventriculomegaly at neurosonography.  62 

 63 

Keywords: ventriculomegaly, central nervous system, fetal magnetic resonance imaging, MRI, 64 

fetal ultrasound, neurosonography, prenatal diagnosis. 65 

 66 

Abbreviations:  MRI, magnetic resonance imaging; CNS, central nervous system. 67 

68 
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INTRODUCTION 69 

The assessment of the size of cerebral ventricles is an integral part of the routine screening of the 70 

central nervous system in the fetus. Ventriculomegaly is the most common brain anomaly diagnosed 71 

during fetal life and encompasses a large spectrum of conditions characterized by a dilatation of the 72 

lateral ventricles of the brain, typically defined as a diameter greater than 10 mm at the level of the 73 

atria.1-8 74 

The presence of associated anomalies and the degree of ventricular dilatation are among the main 75 

determinants of postnatal outcome in fetuses with ventriculomegaly.9 Mild to moderate ventricular 76 

dilatation (10-14 mm) is associated with a lower risk of chromosomal disorders, associated anomalies 77 

undetected prenatally, and neurodevelopmental disabilities.8-9 Conversely, severe ventriculomegaly, 78 

defined as ventricular dilation 15 mm or greater, carries a higher risk of adverse post-natal outcome, 79 

with a recent systematic review reporting 20% and 40% rates of moderate and severe 80 

neurodevelopmental disabilities respectively.10 81 

A detailed evaluation of fetal brain in order to rule out associated anomalies potentially impacting the 82 

postnatal outcome is the mainstay of the prenatal management of fetuses with ventriculomegaly.  The 83 

International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) recommends that fetuses 84 

presenting with a central nervous system (CNS) anomaly (such as a ventricular dilatation of more 85 

than 10 mm) should undergo multiplanar assessment of the brain in axial, coronal and sagittal views 86 

of the fetal head to rule out associated anomalies.11 87 

In clinical practice, fetuses affected by ventriculomegaly commonly undergo magnetic resonance 88 

imaging (MRI) assessment in order to identify anomalies that can possibly be overlooked at the 89 

ultrasound, although the actual contribution, as well as the proper timing of fetal MRI in the 90 

management of these fetuses remains debated.8,12-13 91 

We have recently reported that about 5% of fetuses presenting with isolated mild or moderate 92 

ventriculomegaly on ultrasound have associated anomalies detected exclusively at fetal MRI, mainly 93 

cortical malformations and hemorrhage.12-13 94 

Conversely, there is no robust data on the role of MRI in fetuses affected by severe ventriculomegaly. 95 

The small sample size of previously published studies, the lack of clearly reported imaging protocols, 96 

and the inclusion of cases presenting with other anomalies, chromosomal disorders or infection, do 97 

not allow to extrapolate clear evidence that could guide clinical practice.14-17 98 

Thus, the aim of this study was to report the role of MRI in fetuses affected by isolated severe 99 

ventriculomegaly undergoing neurosonography. 100 

101 
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METHODS 102 

Study design and participants  103 

This was a multicenter, retrospective, cohort study involving 20 referral centers in Italy, United 104 

Kingdom, Spain and Denmark. The study included pregnant women who had fetal brain MRI within 105 

two weeks following the diagnosis of isolated severe ventriculomegaly obtained at dedicated 106 

neurosonography from January 2010 to July 2020. Both neurosonography and fetal MRI were 107 

performed by experienced operators in each center. The clinical records were examined, and data 108 

were collected in a dedicated merged database.  109 

 110 

Inclusion criteria 111 

 Fetuses affected by isolated severe (>15 mm) ventriculomegaly at ultrasound, defined as 112 

ventriculomegaly with no other additional CNS and extra-CNS on ultrasound 113 

 Detailed, multiplanar assessment of fetal brain, as suggested by ISUOG guidelines on fetal 114 

neurosonogram11 115 

 Normal karyotype (including chromosomal microarray when available) 116 

 Negative infection screening (including cytomegalovirus [CMV] and Toxoplasmosis) 117 

 Maternal age > 18 years 118 

 Gestational age > 18 weeks 119 

Exclusion criteria 120 

 Fetuses affected by mild and moderate (< 15 mm) ventriculomegaly at ultrasound 121 

 Cases affected by chromosomal anomalies 122 

 Cases affected by additional CNS and extra-CNS anomalies at the time of diagnosis 123 

 Cases affected by congenital infections 124 

 Ultrasound and/or MRI protocol unclear or unavailable. 125 

 126 

Outcomes measures 127 

The primary outcome of the study was to assess the rate of additional CNS anomalies detected 128 

exclusively on fetal MRI within two weeks from neurosonography and confirmed at birth in fetuses 129 

with a prenatal diagnosis of isolated severe ventriculomegaly. The secondary aim was to evaluate the 130 

incidence of additional anomalies detected exclusively after birth and missed at prenatal imaging 131 

(ultrasound and MRI). We aimed to perform sub-group analyses according to the gestational age at 132 

MRI (< vs  24 weeks of gestation) and laterality of ventriculomegaly (unilateral vs bilateral) and in 133 

fetuses with chromosomal microarray available. 134 

 135 
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 136 

For the purpose of this analysis, additional CNS anomalies were classified into: 137 

 Midline anomalies, including complete and partial agenesis (ACC), hypoplasia (HCC) and 138 

dysgenesis of the corpus callosum or isolated absence of the cavum septum pellucidum 139 

 Posterior fossa anomalies, including all defects involving the cerebellar vermis and/or 140 

hemispheres 141 

 Hemorrhagic or hypoxic lesions, including hemorrhage, porencephaly or periventricular 142 

leukomalacia  143 

 Malformations of cortical development, including lissencephaly, heterotopia or 144 

polymicrogyria 145 

 Complex brain anomalies, including all defects characterized by the presence of multiple 146 

intra-cranial anomalies. 147 

 148 

We did not consider biometric variation in brain structures, such as mega cisterna magna, increased 149 

or reduced degree of ventricular dilatation or of cranial size, as associated anomalies.   150 

 151 

Statistical analysis 152 

We investigated the relationship between the presence of ventriculomegaly associated structural 153 

anomalies, assessed through fetal MRI (primary outcome), and maternal and fetal characteristics, 154 

including mother's age and body mass index (BMI), ventriculomegaly laterality, degree of 155 

ventricular size, gestational age at ultrasound and MRI assessment.  156 

The potential association between all recorded maternal and fetal parameters and the two outcomes 157 

were first evaluated with standard univariate analyses (chi-squared test for categorical variables; 158 

Kruskal-Wallis test for continuous variables).  159 

As regards the primary outcome, we investigated the potential independent predictors of a fetal MRI 160 

diagnosis of ventriculomegaly associated anomalies with a twofold approach. First, we performed a 161 

random-effect logistic regression, with hospital region as the cluster unit. A stepwise forward process 162 

was used for model building, and the following criteria were adopted for covariates selection, which 163 

were limited to four in every step of the analysis to reduce the risk of overfitting: (1) p<0.05 at 164 

univariate analyses; (2) clinical significance; (3) the interval, expressed in weeks, between ultrasound 165 

and MRI examinations included a priori as a continuous variable. To avoid multicollinearity between 166 

the mean dilatation of cerebral ventricle (in mm) and the severity of ventriculomegaly, only the first 167 

covariate was included in the model as a continuous variable. Standard post-estimation tests were 168 
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used to check the validity of the final model, performing multicollinearity and influential observation 169 

analyses (using standardized residuals, change in Pearson and deviance chi-square).18-19 170 

Statistical significance was defined as a two-sided p-value<0.05 for all analyses,20 which were carried 171 

out using Stata, version 13.1 (Stata Corp., College Station, Texas, USA, 2013). 172 

This study was reported following the STROBE guidelines.21 173 

 174 

175 
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RESULTS 176 

 177 

Characteristics of the cohort 178 

One hundred and eighty-seven fetuses with a prenatal diagnosis of isolated fetal ventriculomegaly at 179 

neurosonography were included in the analysis. The general characteristics of the study population 180 

are shown in Table 1. The mean maternal age was 32.65.9 years, while the mean body mass index 181 

(BMI) was 24.63.5. The mean gestational age at ultrasound and MRI were 26.45.4 and 27.05.4 182 

weeks, respectively. MRI was performed within one week in the majority of cases (97.9%). Of the 183 

included cases, 79.1% were affected by bilateral ventriculomegaly, while 20.9% of fetuses had 184 

unilateral ventriculomegaly. Overall, the mean ventricular diameter was 19.44.7 mm, and the 185 

majority of fetuses (72.7%) were included in the 15-19 mm group, with only 8.6% presenting with a 186 

ventricular dilatation of more than 25 mm. 187 

 188 

Synthesis of the results 189 

Table 2 shows the results of the primary and secondary outcomes of study. Additional structural 190 

anomalies were detected exclusively at prenatal MRI in 18.1% (34/187) of cases. When considering 191 

the type of the anomaly, malformations of cortical development were detected on MRI in 32.4% 192 

(11/34) of fetuses, while midline anomalies were detected in 26.5% (9/34) of cases, respectively. 193 

Acquired (hemorrhagic or hypoxic) anomalies were diagnosed in 14.7% (5/34) of cases, while 194 

associated complex malformations and those of posterior fossa were detected on MRI in 14.7% (5/34) 195 

and 2.9% (1/34) of fetuses, respectively.  196 

There were no significant differences when comparing gestational and fetal characteristics of 197 

pregnancies with additional and those with no additional anomalies found at MRI. (Table 3). 198 

At multivariate logistic regression analysis, the presence of additional anomalies only found at MRI 199 

was significantly higher in bilateral compared versus unilateral ventriculomegaly  (OR: 4.37, 95% CI 200 

1.21-15.76; p= 0.04), while neither maternal body mass index (p=0.31), age (p=0.55), severity of 201 

ventricular dilatation (p=0.06), interval between ultrasound and MRI (p=0.74) nor gestational age at 202 

MRI (p=0.32) were associated with the likelihood of detecting associated anomalies at MRI (Table 203 

4).  204 

Postnatal imaging information was only available for 81 newborns. Associated anomalies were 205 

detected exclusively at birth and missed at prenatal imaging in 13.6% (11/81) of cases. 206 

 207 

 208 

209 
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DISCUSSION 210 

 211 

The findings of this study show that, in fetuses with prenatal diagnosis of isolated severe 212 

ventriculomegaly examined using multiplanar neurosonography, the rate of additional structural 213 

anomalies detected exclusively by fetal brain MRI was 18.1%. The most common type of anomalies 214 

included malformations of cortical development and midline disorders. The laterality of ventricular 215 

dilatation was independently associated with an increased likelihood of detecting anomalies at MRI. 216 

Finally, the rate of associated anomalies detected exclusively after birth and missed at prenatal 217 

imaging was 13.6%. 218 

 219 

To our knowledge, this is the largest study exploring the role of MRI in fetuses with isolated severe 220 

ventriculomegaly undergoing neurosonography. Large, homogenous sample size, inclusion of cases 221 

examined using a multiplanar approach as proposed by ISUOG guidelines and the short time interval 222 

between ultrasound and MRI represent the main strengths of this study. 223 

The retrospective design represents the main limitation of the study and led to challenges in obtaining 224 

all the details on the imaging for all the fetuses in the participating centers, with some incomplete 225 

follow‐up and some missing data, mostly related to the postnatal MRI or ultrasound. Finally, since 226 

most of these anomalies have been diagnosed in the second half of pregnancy, these data might not 227 

entirely represent the heterogeneity of severe ventriculomegaly diagnosed throughout pregnancy. 228 

 229 

Ventriculomegaly is a relatively common finding on prenatal ultrasound. Cause, severity and 230 

presence of associated anomalies are the major determinants in predicting the outcome of fetuses 231 

affected by ventriculomegaly; thus, the main issue when approaching a fetus with ventriculomegaly 232 

is to rule out CNS and extra-CNS anomalies.8-9,12-13 Mild and moderate isolated ventriculomegaly 233 

often represent a diagnostic dilemma, as measurements closer to 10 mm might represent a normal 234 

variant, mostly when no other structural abnormalities are found, or diagnostic genetic testing are 235 

normal.8 Furthermore, the rate of abnormal neurodevelopmental outcome in fetuses with mild 236 

ventriculomegaly is not significantly higher to that reported in some population studies, thus 237 

challenging the concept that ventriculomegaly is strong marker of neurodevelopmental delay in 238 

childhood.22  239 

Conversely, isolated severe ventriculomegaly is a rare anomaly, with a reported incidence of 2/10,000 240 

pregnancies.9 The large majority of cases affected by severe ventriculomegaly present with multiple 241 

associated anomalies which account for a high rate of termination of pregnancy - and long term 242 

neurological sequelae reported in the published literature.9,15 A recent systematic review reported that 243 

survival without neurodevelopmental delay was observed in just over one third of cases affected by 244 
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severe ventriculomegaly, while mild-moderate and severe handicap affected respectively 18.6% and 245 

39.6% of children.10  246 

In the present study, the incidence of additional structural anomalies detected exclusively by fetal 247 

MRI was 18.1%, lower than that reported in previous series in which associated abnormalities were 248 

found exclusively at prenatal MRI in up to 57%,14-16 with a much greater diagnostic accuracy (92.3% 249 

vs 61.5%) compared to ultrasound16 and a 10-time higher risk of detecting other brain disorders at 250 

MRI compared with mild ventriculomegaly.14  251 

The majority of anomalies detected exclusively on prenatal MRI in this study involved malformations 252 

of cortical development (such as lissencephaly, heterotopia or polymicrogyria) and midline anomalies 253 

(mainly hypoplasia or dysgenesis of the corpus callosum). While the first group of disorders might 254 

be more challenging to diagnose with ultrasound and represents the most common group of 255 

abnormalities missed at neurosonography also in case of mild and moderate ventriculomegaly,13 the 256 

reason of the lower diagnostic accuracy of neurosonography for midline anomalies found in this series 257 

may be explained by the increase of size of lateral ventricles that may intuitively hamper a clear 258 

assessment of the midline structures.  259 

The findings from this multicenter cohort confirm that the contribution of prenatal MRI in fetuses 260 

undergoing detailed neurosonography is lower compared to that reported in studies not adopting a 261 

multiplanar assessment of the brain. Despite this, MRI remains fundamental in identifying associated 262 

abnormalities.12-13,23-26 However, in contrast to fetuses presenting with mild to moderate ventricular 263 

dilatation, where detecting additional anomalies is very relevant in defining prognosis given the 264 

relatively low risk of neurodevelopmental delay, in those with severe ventriculomegaly, who 265 

commonly present with several degrees of neurological anomalies after birth, the additional 266 

information of MRI may have a lesser prognostic advantage. 267 

 268 

CONCLUSION 269 

The rate of associated anomalies missed at ultrasound and detected only at fetal MRI is lower than 270 

previously reported in literature when a thorough multiplanar examination of fetal brain performed 271 

through neurosonography. The anomalies detected exclusively on MRI mainly includes 272 

malformations of cortical development and midline anomalies. Based on these findings, fetal MRI 273 

should be considered as a part of the prenatal assessment of fetuses presenting with isolated severe 274 

ventriculomegaly at neurosonography. 275 

276 
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Table 1. Selected gestational and fetal characteristics in singleton pregnancies with a 345 

sonographic diagnosis of isolated severe ventriculomegaly 346 

 347 

Variables N = 187 

  

General characteristics: 

  

Mean maternal age in years (SD) 32.35 (5.9) 

  

Mean maternal BMI in kg/m2 (SD) 24.560(3.5) 

  

- Mean gestational age at last US before MRI in weeks (SD) 26.39 (5.4) 

- Last ultrasound <24 weeks, % 67 (35.8) 

- Last ultrasound ≥24 weeks, % 120 (64.2) 

  

- Mean gestational age at MRI diagnosis in weeks (SD) 26,97 (5.4) 

- Diagnosis <24 weeks, % 67 (35.8) 

- Diagnosis ≥24 weeks, % 120 (64.2) 

  

Interval between prenatal US and MRI examinations in weeks:  

  

- Mean interval (SD) 0.91 (1.9) 

- ≤1 week, % 183 (97.9) 

- 2 weeks, % 4 (2.1) 

  

Characteristics of fetal ventriculomegaly: 

  

Bilateral ventriculomegaly, % 148 (79.1) 

Unilateral ventriculomegaly, % 39 (20.9) 

  

Mean ventricular dilatation in mm (SD): 19.40 (4.7) 

Ventricular dilatation in mm, %  

- 15-20 mm  136 (72.7) 

- 21-25 mm 35 (18.7) 

-  26 mm 16 (8. 6) 

  

 348 

 349 

SD: Standard deviation; US: ultrasound; MRI, magnetic resonance imaging. 350 

 351 

 352 

 353 

 354 

 355 

 356 

357 
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Table 2. Primary and secondary outcomes 358 
 359 
 360 
 361 

Outcomes N=187 (%) 

  

Fetuses with additional structural anomalies detected through prenatal MRI 34 (18.1) 

  

Type of additional anomaly detected through prenatal MRI* N=34 

- Malformations of cortical development 11 (32.4) 

- Midline anomalies 9 (26.5) 

- Hemorrhagic or hypoxic anomalies 5 (14.7) 

- Posterior fossa 1 (2.9) 

- Complex anomalies 5 (14.7) 

- Other anomalies 3 (8.8) 

  

Newborns with additional structural anomalies detected through postnatal MRI** 11/81 (13.6) 

MRI, magnetic resonance imaging. 362 

 363 

** Analyses restricted to 81 newborns (both the fetuses with a prenatal diagnosis of structural 364 

anomaly and the newborn without a postnatal MRI exam were excluded). 365 

366 
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Table 3. Selected gestational and fetal characteristics in pregnancies with additional versus no 367 

additional anomalies found at MRI 368 
 369 

Variables    

 Additional 

anomalies at MRI 

(n= 34) 

No additional 

anomalies at MRI 

(n= 153) 

p 

General characteristics: 

    

Mean maternal age in years (SD) 31.7 (5.8) 32.5 (5.9) 0.51 

    

Mean maternal BMI in kg/m2 (SD) 25.0 (4.1) 24.5 (3.4) 0.44 

    

- Mean gestational age at ultrasound 

diagnosis in weeks (SD) 

27.5 (5.7) 26.1 (5.3) 0.18 

- Diagnosis <24 weeks, % 11 (32.3) 56 (36.6) 0.70 

- Diagnosis ≥24 weeks, % 23 (67.7) 97 (63.4) 0.70 

    

- Mean gestational age at MRI diagnosis 

in weeks (SD) 

28.1 (5.9) 26.7 (5.3)  

- Diagnosis <24 weeks, % 11 (32.4) 56 (36.6) 0.70 

- Diagnosis ≥24 weeks, % 23 (67.7) 97 (63.4) 0.70 

    

Interval between prenatal US and MRI 

examinations in weeks: 

   

    

- Mean interval (SD) 1.1 (2.3) 0.9 (1.8) 0.58 

- ≤1 week, % 33 (97.1) 150 (98.0) 0.56 

- 2 weeks, % 1 (2.9) 3 (2.0) 0.56 

    

Characteristics of fetal ventriculomegaly: 

    

Bilateral ventriculomegaly, % 31 (91.2) 117 (76.5) 0.06 

Unilateral ventriculomegaly, % 3 (8.8) 36 (23.5) 0.06 

    

Mean maximum ventricular dilatation in 

mm (SD): 

18.5 (3.2) 19.6 (5.0) 0.19 

Ventricular dilatation in mm, %    

- 15-20 mm  28 (82.4) 108 (70.6) 0.01 

- 21-25 mm 5 (14.7) 30 (19.6) 0.63 

-  26 mm 1 (2.9) 15 (9.8) 0.31 

    

SD: Standard deviation; US: ultrasound; MRI, magnetic resonance imaging 370 
371 
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Table 4. Logistic regression models evaluating the potential independent predictors of a 372 

prenatal MRI diagnosis of ventriculomegaly-associated anomalies 373 

 374 
 375 

Covariates Adjusted OR (95% CI) P value 

   

Bilateral vs unilateral ventriculomegaly 4.37 (1.21-15.76) 0.04 

   

Maternal BMI, 1-unit increase 1.06 (0.95-1.17) 0.31 

   

Age 0.98 (0.92-1.05) 0.55 

   

Maximum ventricular dilatation (1 mm increase) 0.90 (0.81-1.00) 0.06 

   

Interval between US and MRI assessment, 1-week increase 1.03 (0.85-1.25) 0.74 

   

Gestational age at ultrasound, ≥ versus < 24 weeks 1.56 (0.66-3.72) 0.32 

   

OR, odds ratio; BMI, body mass index; US, ultrasound;  376 

* Random-effect logistic regression with Hospital region as the cluster level. 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 
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