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Tubulinopathies are a heterogeneous group of complex cortical malformations that are as-
sociated with mutations in tubulin genes. TUBB3 gene mutation is associated with a broader
spectrum of central nervous system malformations and constitutes about 10% of all tubu-
linopathies. The diagnosis may not be immediately apparent on imaging, though the differ-
ential diagnosis may be narrowed based on imaging findings and allow for more directed
genetic testing. We report a 22-year-old gravida-1 nulliparous female whose routine sec-
ond trimester fetal ultrasound revealed ventriculomegaly and possible agenesis of the cor-
pus callosum. Fetal magnetic resonance imaging showed severe lateral and third ventricu-
lomegaly and a dysplastic, z-shaped brainstem without any evidence of ocular abnormali-
ties. Genetic testing revealed a pathogenic mutation in TUBB3.
© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

corpus callosum are some of the described malformations as-
sociated with tubulin gene mutations. They have a broad spec-
trum of clinical presentation, severity, and outcome. Clinically,

Tubulinopathies are a heterogeneous group of complex corti-
cal malformations that are associated with mutations in tubu-
lin genes, that is, TUBA1A, TUBAS8, TUBB3, TUBB5, and TUBG1
[1]. A significant portion of the result from de novo mutations.
Dysmorphic basal ganglia, lissencephaly, micro-lissencephaly,
pachygyria, polymicrogyria, simplified gyral cortical dyspla-
sia, cerebellar hypoplasia, or aplasia and agenesis of the
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patients present with symptoms ranging from seizures, ocu-
lar abnormalities, intellectual dysfunction, motor deficits or
even death [2]. Most of the mutations associated with tubu-
linopathies are inherited as an autosomal dominant pattern;
however, few exceptions like TUBAS8 have a recessive pattern
[1]. Imaging findings can help to narrow the differential diag-
nosis and allow for more directed genetic testing.
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Fig. 1 - Sagittal T2SS image of the fetus demonstrating the
kinked or Z-shaped brainstem with severe lateral and third
ventriculomegaly and hypoplastic cerebellar vermis.

Case report

A 22-year-old gravida-1 nulliparous female with unremark-
able maternal past medical history presented for fetal mag-
netic resonance imaging (MRI) to evaluate ventriculomegaly
and possible agenesis of the corpus callosum identified on a
routine second trimester anatomy ultrasound. Fetal MRI was
obtained at 21 weeks and 5 days gestation on a 3T Phillips
Achieva MRI scanner. The MRI demonstrated a single in-
trauterine female fetus with severe lateral and third ventricu-
lomegaly and a dysplastic, z-shaped brainstem (Figs. 1 and 2).
The atria of the lateral ventricles measured up to 15 mm bi-
laterally. The cerebral aqueduct was not well-visualized, and
the fourth ventricle was normal in caliber. The cerebellar ver-
mis was hypoplastic, measuring 5 mm in the craniocaudal
dimension. The cisterna magna and the transverse cerebel-
lar diameter were normal in size for gestational age (Fig. 3).
There was subjectively decreased volume of supratentorial
brain parenchyma noted, though no definite supratentorial
cortical malformations were identified. The biparietal diame-
ter was normal for gestational age, measuring 53 mm. No ad-
ditional fetal anomalies were identified.

Following the fetal MRI the parents were able to meet with
clinicians specializing in Palliative Care, Genetics, and Neu-
rosurgery. These clinical teams also followed the child after
birth. A detailed family history obtained by a genetic coun-
selor revealed no history of birth defects or known genetic
disorders.

The child was born at 36 weeks, 4 days, with decelerations
during attempted induction of labor which required emer-
gent cesarean section. The infant was apneic at birth with no
spontaneous movement or respirations. Apgar scores were 2

120 mm

Fig. 2 - Axial T2SS image through the fetal brain with
severe lateral ventriculomegaly.

1200mm

Fig. 3 - Axial T2SS image through the fetal brain
demonstrating normal cerebellar diameter for gestational
age.

at 1 minute and 5 and 5 minutes. Therapeutic hypothermia
was initiated. A head ultrasound after birth revealed severe
ventriculomegaly and severe brain parenchymal volume loss
(Fig. 4). Following discussion with the clinical team, the par-
ents elected to withdraw care and the patient passed away on
day 2 of life when ventilator support was withdrawn. Genetic
sequencing revealed a de novo pathogenic mutation in TUBB3.
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Fig. 4 - Head ultrasound at 1-day old demonstrating
massive lateral ventriculomegaly. There is severely thinned
brain parenchyma.

Discussion

TUBB3 gene mutations make up about 10% of all tubu-
linopathies and can have a broad spectrum of central ner-
vous system malformations. A significant portion of tubu-
linopathies result from de novo mutations [2]. TUBB3 mutation
is an exception, wherein most of the reported cases had a fa-
milial origin [3,4] Fetal ventriculomegaly is seen in approxi-
mately 0.9% of all pregnancies, but fetal brainstem kinking is
rarely seen on fetal MRI. The combination of fetal ventricu-
lomegaly and brainstem kinking occurs in certain conditions
such as alpha-dystroglycanopathies, tubulinopathies, and
X-linked hydrocephalus as described by Amir et al. LICAM
gene mutation is associated with X-linked hydrocephalus
and was unlikely in this case given that the fetus was
female. Ocular anomalies are often present in alpha-
dystroglycanopathies, though the absence at an early ges-
tational age does not necessarily exclude the diagnosis
[7]. Few cases have been reported showing ocular anoma-
lies on postnatal imaging in a genetically confirmed alpha-
dystroglycanopathy whose fetal MRI showed kinking of the
brain stem and ventriculomegaly [5].

Tischfield et al reported cases of variable TUBB3 gene mu-
tations in which most have ocular motility disorder, CFEOM3.
Some of these cases had associated intellectual and behav-
ioral impairments, facial paralysis, and later-onset axonal
sensorimotor polyneuropathy. MRI of these patients showed
dysgenesis of the corpus callosum, anterior commissure and
internal capsule, generalized loss of white matter, and basal
ganglia dysmorphisms in a majority of cases; however, none of
these had cortical dysplasia [6]. Another study by Poirier et al
reported 9 cases with TUBB3 mutations with dysplastic basal
ganglia, brainstem hypoplasia, agenesis of the corpus callo-
sum, and cerebellar hypoplasia on imaging studies but none

of them had ocular defects [7]. In our case, there were no ocu-
lar abnormalities, dysplastic basal ganglia, or significant cor-
tical dysplasia noted, though the early timing of the fetal MRI
(21 weeks and 5 days) limits evaluation of for these findings.
Ultimately, a kinked brain stem on imaging is a sign of severe
neurologic malformation and further imaging studies as well
as consideration of genetic evaluation may be warranted.

Conclusion

A broad clinical spectrum is commonly seen in tubu-
linopathies with associated wide range of non-specific pre-
natal imaging findings. Findings of ventriculomegaly and a
kinked brainstem on fetal MRI can narrow the differential di-
agnosis, allowing for more detailed prenatal counseling and
genetic testing. This case demonstrated that findings of ven-
triculomegaly and a kinked brainstem on fetal MRI can be seen
as early as 21 weeks and 5 days gestation in a case which ul-
timately was proven to be a TUBB3 mutation.
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